Electromagnetic Theory

Dept of EEE SCSVMV

Course Name: Electromagnetic Theory
Course Code: BEEF183T30
Course Teacher : Mr.B.Kandavel
Topic No: 1
Title: Coulomb’s Law
Aim and Objective: To study the force of interaction between two point charges
Pre Test MCQ
1. At Cartesian point ( — 3, 4, — 1), which of these is incorrect
a)
b)
c)
d)
2. Find the position vector for the given point(3,4,5)
a)
b)
c)
d)
3. Find the distant vector AB for the points A(1,3,4) and B(2,5,7)
a)
b)
c)
d) None of the Above
4. Find the unit vector for the given vector
a)
b)
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c)
d) None of the Above

Prerequisites:
1) Knowledge about the three dimensional Coordinates System
2) Knowledge about Vector Analysis Concepts

Theory Behind:
The study of Electrostatics starts with experiments done by Charles Coulomb
Force exerted between two point charges which are placed near to each other

Statement:
The force of interaction between two point charges Q1 and Q2
 acting along the line joining of the charges
 directly proportional to product of magnitude of the charges(Q1Q2)
 inversely proportional to square of the distance between them

 Consider the two point charges Q1 and Q2 separated by a distance of R.
 The charge Q1 exerts force Q2 while Q2 also exerts force Q1.
 The force acts along the line joining of two charges
 The force exerted between them is either repulsive force or attractive force depends on
the polarity of the charges.
Mathematical form
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Where

R-distance between the charges
Force depends on the medium in which charges are located, the equation becomes

Where k- constant of proportionality
k
where permittivity of the medium in which charges are located
can be represented as
Where

For free space or vacuum
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Vector form of Coulomb’s Law

The force exerted by Q1 on Q2 is given by

Where

Similarly F1 can be found by
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-(

Coulombs Law Simulation
Applications:
Photocopy machines (Xerography)
 The electrostatic process is what makes copies. It uses a selenium-coated aluminum drum
because selenium has an interesting property — it is an insulator when in the dark, and a
conductor when exposed to light.
 In the first stage of the xerography process, a negative charge is induced under a thin
layer of positively charged selenium.
 The surface of the drum is then exposed to the image to be copied, and where the image
is light, the positive charge is neutralized, and where the image is dark, the positive
charge remains. The image has now been transferred to the drum.
 Then, a dry black powder, called toner, is sprayed with a negative charge, which will be
attracted to the positive areas of the drum.
 A blank piece of paper is given a greater positive charge than the drum, so that it will pull
the toner from the drum, and finally, the paper and toner are passed through heated rollers
that melt and permanently adhere the toner to the paper.

Laser Printers
 A laser beam is scanned across a photo conducting drum, which leaves a positively
charged image
 Then the next steps are the same as in xerography.

 Because laser light can be very precisely controlled, laser printers can produce very highquality images.
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Ink jet printer
 Commonly used to print computer-generated text and graphics, also employs
electrostatics.
 A nozzle makes a fine spray of tiny ink droplets, which are then given an electrostatic
charge.
 Once charged, the droplets can be directed, using pairs of charged plates, with great
precision to form letters and images on paper

MCQ Post Test
1.Point charges Q1 = 1 nC and Q2 = 2 nC are at a distance apart. Which of the following
statements are incorrect?
a) The force on Q1 is repulsive.
b) The force on Q2 is the same in magnitude as that on Q1
c) As the distance between them decreases, the force on Q1 increases linearly
d) The force on Q2 is along the line joining them
e) A point charge Q3 = — 3 nC located at the midpoint between Q1 and Q2 experiences
no net force
2.Coulomb is the unit of which quantity?
a)
b)
c)
d)

Field strength
Charge
Permittivity
Force

3.Find the force between 2C and -1C separated by a distance 1m in air(in newton).
a)
b)
c)
d)

18 X 106
-18 X 106
18 X 10-6
-18 X 10-6

4.Two charges 1C and -4C exists in air. What is the direction of force?
a)
b)
c)
d)

Away from 1C
Away from -4C
From 1C to -4C
From -4C to 1C

5.For a charge Q1, the effect of charge Q2 on Q1 will be,
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F1 = F2
F1 = -F2
F1 = F2 = 0
F1 and F2 are not equal

Conclusion:
 Force of interaction between the charges were studied
 Law was verified using simulation
 We observed like charges repel and unlike charges attract each other

 Distance between them increases magnitude of force gets reduced
References:
 JohnDKraus,“Electromagnetics”,McGraw Hill Book Co.,NewYork,Third Edition,1989
th
 M.O.Sadiku,“Elements of Electromagnetics”,6 Edition Oxford University Press,2010

Assignments:
1. Point charges Q1 = 5 μC and Q2 = - 4 μC are placed at (3, 2, 1) and
(-4, 0, 6), respectively. Determine the force on Q1.
2. Find the force on 100μC charge at(0,0,3) if four like charges of 20μC
are located on the axes at

4
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Topic No: 2
Title: Electric field Intensity
Aim and Objective: To study the Electric field Intensity due to various charge
distributions
Pre Test MCQ
1.Coulomb is the unit of which quantity?
a) Field strength
b) Charge
c) Permittivity
d) Force
2. Coulomb law is employed in
a) Electrostatics
b) Magnetostatics
c) Electromagnetics
d) Maxwell theory
3. Find the force between 2C and -1C separated by a distance 1m in air(in newton).
a) 18 X 106
b) -18 X 106
c) 18 X 10-6
d) -18 X 10-6
4. Two charges 1C and -4C exists in air. What is the direction of force?
a) Away from 1C
b) Away from -4C
c) From 1C to -4C
d) From -4C to 1C
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5. Find the force of interaction between 60 stat coulomb and 37.5 stat coulomb spaced 7.5cm
apart in transformer oil( r=2.2) in 10-4 N,
a) 8.15
b) 5.18
c) 1.518
d) 1.815
6. Find the force between two charges when they are brought in contact and separated by 4cm
apart, charges are 2nC and -1nC, in μN.
a) 1.44
b) 2.44
c) 1.404
d) 2.404
7. The Coulomb law is an implication of which law?
a) Ampere law
b) Gauss law
c) Biot Savart law
d) Lenz law
8. Two small diameter 10gm dielectric balls can slide freely on a vertical channel. Each carry a
negative charge of 1μC. Find the separation between the balls if the lower ball is restrained from
moving.
a) 0.5
b) 0.4
c) 0.3
d) 0.2
9. A charge of 2 X 10-7 C is acted upon by a force of 0.1N. Determine the distance to the other
charge of 4.5 X 10-7 C, both the charges are in vacuum.
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a) 0.03
b) 0.05
c) 0.07
d) 0.09
10. For a charge Q1, the effect of charge Q2 on Q1 will be,
a) F1 = F2
b) F1 = -F2
c) F1 = F2 = 0
d) F1 and F2 are not equal

Prerequisites:
 Knowledge about the Coulomb’s Law
 Knowledge about Vector Analysis Concepts
Theory Behind:
Electric field intensity due to infinite line charge
Charge density of ρL C/m. Let this line charge lies on Z-axis,if the point is on Y axis we are
going to find electric field intensity r m from origin as shown in fig 1

Fig 1 Electric field intensity due to infinite line charge
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Let a small differential length carrying a charge of dQ along the line where dl=dz
---------- 1

The distance vector

can be written as
---------- 2
---------- 3
---------- 4
---------- 5

---------- 6
---------- 7

Fig 2

cancel each other
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Z component will cancel each other due to symmetry
---------- 8

Integrating

over z-axis from - ∞ to + ∞ we can obtain total

at point P

---------- 9
Let

Changing the limits of integration

---------- 10

---------- 11

---------- 12

---------- 13

---------- 14
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---------- 15
---------- 16
---------- 17
---------- 18
In general, the point is anywhere in space, the electric field intensity is given by
---------- 19

Electric field due to Infinite sheet of charge
Consider an infinite sheet of charge having uniform charge density of ρS c/m2,placed in xy plane
as shown

Fig 1 Electric field intensity due to infinite sheet of charge
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to be calculated is on Z-axis.

Consider the differential surface area dS carrying charge dQ.The normal direction to dS is z
direction hence dS normal to that direction is r dr d
---------- 1
---------- 2

The distance vector has two components as shown

Fig. 2 distance vector
The radial component r along
Another component z along
With these components we can obtained the distance vector
---------- 3
---------- 4
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---------- 5

---------- 6

 For infinite sheet in xy plane from r varies from 0 to ∞ while φ varies from 0 to 2
 As there is a symmetry about z axis from all radial direction, all
going to cancel each other and net

components of

will not have any radial component.

---------- 7

Put

hence

Changing the limits For
---------- 8

---------- 9
---------- 10
---------- 11
---------- 12

---------- 13

In general Electric field intensity at any point is given by
---------- 14
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Electric field Intensity Animation

MCQ Post Test
1) The electric field intensity is defined as
a) Force per unit charge
b) Force on a test charge
c) Force per unit charge on a test charge
d) Product of force and charge
2) Find the force on a charge 2C in a field 1V/m.
a) 0
b) 1
c) 2
d) 3
3) Determine the charge that produces an electric field strength of 40 V/cm at a distance of
30cm in vacuum(in 10-8C)
a) 4
b) 2
c) 8
d) 6
4) Electric field intensity due to infinite sheet of charge σ is
a) Zero
b) Unity
c) σ/
d) σ/2ε
5)

Find the electric field intensity of two charges 2C and -1C separated by a distance 1m in
air.
a) 18 X 109
b) 9 X 109
c) 36 X 109
d) -18 X 109
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6) What is the electric field intensity at a distance of 20cm from a charge 2 X 10-6 C in
vacuum?
a) 250,000
b) 350,000
c) 450,000
d) 550,000
7) For a test charge placed at infinity, the electric field will be
a) Unity
b) +∞
c) Zero
d) -∞
8) The field intensity of a charge defines the impact of the charge on a test charge placed at
a distance. It is maximum at d = 0cm and minimises as d increases. State True/False
a) True
b) False
9) Electric field of an infinitely long conductor of charge density λ, is given by E =
λ/(2 h).aN. State True/False.
a) True
b) False

References:
 JohnDKraus,“Electromagnetics”,McGraw Hill Book Co.,NewYork,Third Edition,1989


M.O.Sadiku,“Elements of Electromagnetics”,6th Edition Oxford University Press,2010

Assignments:
1. A point charge 100 pC is located at ( 4 , 1 ,— 3) while the x-axis carries charge 2 nC/m.
If the plane z = 3 also carries charge 5 nC/m2, find E at (1, 1, 1).

2. Q1 and Q2 are the point charges located at (0,-4, 3) and (0, 1, 1).If Q1 is 2 nC, and Q2 is
5nC.Find the Electric field intensity at (1,3,5)
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Topic No: 3
Title: Potential
Aim and Objective: To study the potential due to various charges
Pre Test MCQ
10) The electric field intensity is defined as
a) Force per unit charge
b) Force on a test charge
c) Force per unit charge on a test charge
d) Product of force and charge
11) Find the force on a charge 2C in a field 1V/m.
a) 0
b) 1
c) 2
d) 3
12) Determine the charge that produces an electric field strength of 40 V/cm at a distance of
30cm in vacuum(in 10-8C)
a) 4
b) 2
c) 8
d) 6
13) Electric field intensity due to infinite sheet of charge σ is
a) Zero
b) Unity
c) σ/
d) σ/2ε
14)

Find the electric field intensity of two charges 2C and -1C separated by a distance 1m in
air.
a) 18 X 109
b) 9 X 109
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c) 36 X 109
d) -18 X 109
15) What is the electric field intensity at a distance of 20cm from a charge 2 X 10-6 C in
vacuum?
a) 250,000
b) 350,000
c) 450,000
d) 550,000
16) For a test charge placed at infinity, the electric field will be
a) Unity
b) +∞
c) Zero
d) -∞
17) The field intensity of a charge defines the impact of the charge on a test charge placed at
a distance. It is maximum at d = 0cm and minimises as d increases. State True/False
a) True
b) False
18) Electric field of an infinitely long conductor of charge density λ, is given by E =
λ/(2 h).aN. State True/False.
a) True
b) False

Prerequisites:
 Knowledge about the three dimensional Coordinates System
 Knowledge about Vector Analysis Concepts
 Knowledge about the Electric field intensity
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Theory Behind:
THE ELECTRIC POTENTIAL

If we have two charges of opposite sign, work must be done to separate them in opposition to the
attractive coulomb force. This work can be regained if the charges are allowed to come together.
Similarly, if the charges have the same sign, work must be done to push them together. This
work can be regained if the charges are allowed to separate. A charge gains energy when moved
in a direction opposite to a force. This is called potential energy because the amount of energy
depends on the position of the charge in a force field.
Work Required Moving a Point Charge
The work W required to move a test charge q, along any path from the radial distance r, to the
distance rb with a force that just overcomes the coulomb force from a point charge q, as shown
in Figure , is
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Figure above It takes no work to move a test charge q, along the spherical surfaces perpendicular
to the electric field due to a point charge q. Such surfaces are called equipotential surfaces.
The minus sign in front of the integral is necessary because the quantity W represents the work
we must exert on the test charge in opposition to the coulomb force between charges. The dot
product in (1) tells us that it takes no work to move the test charge perpendicular to the electric
field, which in this case is along spheres of constant radius. Such surfaces are called
equipotential surfaces. Nonzero work is necessary to move q to a different radius for which dl =
dr i,. Then, the work of (2) depends only on the starting and ending positions (r. and rb) of the
path and not on the shape of the path itself:

We can convince ourselves that the sign is correct by examining the case when rb is bigger than
r, and the charges q and qt,are of opposite sign and so attract each other. To separate the charges
further requires us to do work on q, so that W is positive in (2). If q and qt, are the same sign, the
repulsive coulomb force would tend to separate the charges
Further and perform work on q, For force equilibrium, we would have to exert a force opposite
to the direction of motion so that W is negative.
If the path is closed so that we begin and end at the same point with ra = rb, the net work
required for the motion is zero. If the charges are of the opposite sign, it requires positive work to
separate them, but on the return, equal but opposite work is performed on us as the charges
attract each other.If there was a distribution of charges with net field E, the work in moving the
test charge against the total field E is just the sum of the works necessary to move the test charge
against the field from each charge alone. Over a closed path this work remains zero:

which requires that the line integral of the electric field around the closed path also be zero.
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The Potential and the Electric Field
The potential difference between the two points at ra and rb is the work per unit charge
necessary to move from ra to rb:

The potential due to a single point charge q is

If we pick our reference zero potential at ra = oo, V(r) = 0 so that rb = r is just the radial distance
from the point charge. The scalar potential V is then interpreted as the work per unit charge
necessary to bring a charge from infinity to some distance r from the point charge q:

The net potential from many point charges is obtained by the sum of the potentials from each
charge alone. If there is a continuous distribution of charge, the summation becomes an
integration over all the differential charge elements dq:

where the integration is a line integral for line charges, a surface integral for surface charges, and
a volume integral for volume charges.

Post MCQ Test
1) Potential difference is the work done in moving a unit positive charge from one point to
another in an electric field. State True/False.
a) True
b) False
2) A point charge 2nC is located at origin. What is the potential at (1,0,0)?
a) 12
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b) 14
c) 16
d) 18
3) Six equal point charges Q = 10nC are located at 2,3,4,5,6,7m. Find the potential at origin.
a) 140.35
b) 141.35
c) 142.35
d) 143.35
4) A point charge 0.4nC is located at (2, 3, 3). Find the potential differences between (2, 3,
3)m and (-2, 3, 3)m due to the charge.
a) 2.5
b) 2.6
c) 2.7
d) 2.8
5) Find the potential of V = 60sin /r2 at P(3,60,25)
a) 5.774
b) 6.774
c) 7.774
d) 8.774
6) Given E = 40xyi + 20x2j + 2k. Calculate the potential between two points (1,-1,0) and
(2,1,3).
a) 105
b) 106
c) 107
d) 108
7) What is the potential difference between 10sin cosφ/r2 at A(1,30,20) and B(4,90,60)?
a) 2.386
b) 3.386
c) 4.386
d) 5.386
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8) Find the electric potential for an electric field 3units at a distance of 2m.
a) 9
b) 4
c) 6
d) 3/2
9) Find the potential at a point (4, 3, -6) for the function V = 2x2y + 5z.
a) 96
b) 66
c) 30
d) -66
10) Find the work done moving a charge 2C having potential V = 24volts is
a) 96
b) 24
c) 36
d) 48

Conclusion:
 Potential due to various charge distribution were studied
 Distance between them increases magnitude of voltage gets reduced
 Studied about the equipotential surfaces

References:
 JohnDKraus,“Electromagnetics”,McGraw Hill Book Co.,NewYork,Third Edition,1989


M.O.Sadiku,“Elements of Electromagnetics”,6th Edition Oxford University Press,2010

Assignments:
1. A point charge of 16nC located at Q(2,3,5) in free space and a uniform and another point
charge of -20μC located at (-1,4,-6) Find the potential at (1,-1,0)
2. A point charge of 25nC located at Q(2,-3,0) in free space and a uniform and another line
charge of 10μC/m located at (2,4, 6) Find the potential at (0,1,4)
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Topic No: 4
Title: Gauss’s Law
Aim and Objective: To study the Gauss’s Law and its applications
Pre Test MCQ
1) Point charges Q1 = 1 nC and Q2 = 2 nC are at a distance apart. Which of the following
statements are incorrect?
a) The force on Q1 is repulsive.
b) The force on Q2 is the same in magnitude as that on Q1
c) As the distance between them decreases, the force on Q1 increases linearly
d) The force on Q2 is along the line joining them
e) A point charge Q3 = — 3 nC located at the midpoint between Q1 and Q2 experiences
no net force
2) Coulomb is the unit of which quantity?
a) Field strength
b) Charge
c) Permittivity
d) Force
3) Find the force between 2C and -1C separated by a distance 1m in air(in newton).
a) 18 X 106
b) -18 X 106
c) 18 X 10-6
d) -18 X 10-6
4) Two charges 1C and -4C exists in air. What is the direction of force?
a) Away from 1C
b) Away from -4C
c) From 1C to -4C
d) From -4C to 1C
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5) For a charge Q1, the effect of charge Q2 on Q1 will be,
a) F1 = F2
b) F1 = -F2
c) F1 = F2 = 0
d) F1 and F2 are not equal

Prerequisites:
 Knowledge about the three dimensional Coordinates System
 Knowledge about Vector Analysis Concepts
 Knowledge about Coulomb’s Law,Electric field intensity and Potential

Theory Behind:
Gauss's Law In Integral Form(a) Point Charge Inside or Outside a Closed
Volume
Now consider the two cases illustrated in Figure 2-15 wherean arbitrarily shaped closed
volume V either surrounds a point charge q or is near a point charge q outside the surface S. For
either case the electric field emanates radially from the point charge with the spatial inverse
square law. We wish to calculate the flux of electric field through the surface S surrounding the
volume V:

It is seen that the charge Q emanates the flux ψ which is equal to the charge Q.Consider sa
sphere of radius r and a popint charge +Q located at the centre.Then the total flux radiated
outwards and passing through the total surface area of sphere is same as the charge +q,which is
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enclosed by the sphere.Now replace the point charge by line charge enclosed by the sphere
consists of same charge before.

Statement:
The electric flux passing through any closed surface is equal to the total charge enclosed by that
surface

This is the mathematical representation of Gauss’s law
The surface over which the gauss’s law is applied is called Gaussian surface.Such a surface is
closed surface and it has to satisfy the following conditions

 The surface may be irregular but should be sufficiently large so as to enclose the entire
charge
 The surface must be closed
 At each point of the surface

is either normal or tagential to the surface

 The electric flux density is constant over the surface at which

is normal

Applications of gauss’s law
The Gauss’s law is the alternative form of coulomb’s law. The Gauss’s law can be used to find E
or D for symmetrical charge distributions, such as point charge, an infinite line charge, an
infinite sheet of charge and a spherical distribution of charge.
Let a point charge is located at the origin.
To determine

and to apply Gauss’s law,consider a spherical surface around Q,with centre as

origin.This spherical surface and it satisfies required condition,The
outwards along

which is normal to the spherical surface.
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Consider a differential surface area ds as shown. The direction normal to the surface ds is
,considering spherical co-ordinate system.The radius of the sphere is r=a.The direction of
along

which is normal to ds at any point P.In spherical co-ordinate system,the dS normal to

radial direction

Now

is

is

due to the point charge is given by,
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This proves the Gauss’s law that Q coulombs of flux crosses the surface if Q coulombs charge is
enclosed by that surface.

MCQ Post Test
1) Divergence theorem is based on
a) Gauss law
b) Stoke’s law
c) Ampere law
d) Lenz law
2) The Gaussian surface for a line charge will be
a) Sphere
b) Cylinder
c) Cube
d) Cuboid
3) The Gaussian surface for a point charge will be
a) Cube
b) Cylinder
c) Sphere
d) Cuboid
4) A circular disc of radius 5m with a surface charge density ρs = 10sinφ is enclosed by
surface. What is the net flux crossing the surface?
a) 3
b) 2
c) 1
d) 0
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5) The total charge of a surface with densities 1,2,…,10 is
a) 11
b) 33
c) 55
d) 77
6) The work done by a charge of 10μC with a potential 4.386 is (in μJ)
a) 32.86
b) 43.86
c) 54.68
d) 65.68
7) Gauss law cannot be used to find which of the following quantity?
a) Electric field intensity
b) Electric flux density
c) Charge
d) Permittivity
8) Gauss law for magnetic fields is given by
a) Div(E) = 0
b) Div(B) = 0
c) Div(H) = 0
d) Div(D) = 0

Conclusion:
 Gauss’s Law was verified using simulation
 We observed applications of gauss’s law
 Gauss’s Law is modified form of Coulomb’s Law

References:
 JohnDKraus,“Electromagnetics”,McGraw Hill Book Co.,NewYork,Third Edition,1989


M.O.Sadiku,“Elements of Electromagnetics”,6th Edition Oxford University Press,2010
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Assignments:
1) Three point charges are located in air +0.08μC at(0,0)m,+0.05C at (3,4)m, 10nC at
(0,5)m .Compute total flux over a sphere of 10m radius with centre(0,0)
2) Determine the net flux of the vector field
unit cube
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Topic No: 5
Title: Biot-Savort’s Law/Ampere’s Circuital Law
Aim and Objective: To study the Biot Savort’s Law and Ampere’s Circuital Law
for Magnetic fields
Pre Test MCQ
1) Find the force between 2C and -1C separated by a distance 1m in air(in newton).
a) 18 X 106
b) -18 X 106
c) 18 X 10-6
d) -18 X 10-6
2) Two charges 1C and -4C exists in air. What is the direction of force?
a) Away from 1C
b) Away from -4C
c) From 1C to -4C
d) From -4C to 1C
3) At Cartesian point ( — 3, 4, — 1), which of these is incorrect
a) ρ
b)
c)
d)
4) Find the position vector for the given point(3,4,5)
a)
b)
c)
d)
5) Find the force on a charge 2C in a field 1V/m.
a) 0
b) 1
c) 2
d) 3
6) Determine the charge that produces an electric field strength of 40 V/cm at a distance of
30cm in vacuum(in 10-8C)
a) 4
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b) 2
c) 8
d) 6

Prerequisites:
 Knowledge about the three dimensional Coordinates System
 Knowledge about Vector Analysis Concepts
 Knowledge about the electrostatics fields

Theory Behind:
Biot Savort’s Law
The magnetic field intensity

produced at a point due to a differential current element IdL is

Proportional to the product of the current I and differential length dL
The sine of the angle between the element and the line joining point P to the element
And inversely proportional to the square of the distance R between point P and the element
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Mathematically,the Biot-Savort’s law can be stated as

Where K= Constant of proportionality

Let us express this equation in vector form
Let dL= Magnitude of vector length dL and
= unit vector in the direction from differential current element to point P
The from rule of cross product

The above equations is the mathematical form of Biot-Savort Law

H due to infinitely long straight conductor
Consider an infinitely long straight conductor along z-axis.The current passing through the
conductor is a direct current of I amp.The field intensity at a point P is to be calculated which is
at a distance ‘r’ from z-axis

Page 34 of 73

Electromagnetic Theory

Dept of EEE SCSVMV

Consider small differential element at point 1,along the z-axis at a distance z from origin

The distance vector can be written as
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According to Biot-Savort’s law,

Thus total field intensity H can be obtained by integrating over the entire length of the conductor
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Ampere Circuital Law
In electrostatics, the Gauss’s law is useful to obtain the E in case of complex problems.Similarly
in magneto statics Ampere’s law can be used.
The Ampere’s circuital law states that
The line integral of magnetic field intensity H around a closed p[ath is exactly equal to the direct
current enclosed by that path
The mathematical representation of this law is,

Proof of Ampere’s Circuital Law
Consider a long straight conductor carrying direct current I placed along the axis as
shown.Consider a closed circular path of radius r which encloses the straight conductor carrying
direct current I.The point P is perpendicular distance r from the conductor.consider dL at point P
which is in

direction,tangential to circular path at point P.

While H obtained at point P,from Biot Savort’s Law due to infinitely long conductor is,
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along the closed path gives the direct current enclosed by that

closed path.

Post MCQ Test
1) Biot Savart law in magnetic field is analogous to which law in electric field?
a) Gauss law
b) Faraday law
c) Coulomb’s law
d) Ampere law
2) Find the magnetic field of a finite current element with 2A current and height 1/2 is
a) 1
b) 2
c) 1/2
d) ¼
3) Calculate the magnetic field at a point on the centre of the circular conductor of radius
2m with current 8A.
a) 1
b) 2
c) 3
d) 4
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4) In a static magnetic field only magnetic dipoles exist. State True/False.
a) True
b) False
5) The Ampere law is based on which theorem?
a) Green’s theorem
b) Gauss divergence theorem
c) Stoke’s theorem
d) Maxwell theorem
6) Electric field will be maximum outside the conductor and magnetic field will be
maximum inside the conductor. State True/False.
a) True
b) False
7) When the rotational path of the magnetic field intensity is zero, then the current in the
path will be
a) 1
b) 0
c) ∞
d) 0.5
8) Find the magnetic field intensity when the current density is 0.5 units for an area up to 20
units.
a) 10
b) 5
c) 20
d) 40
9) The point form of Ampere law is given by
a) Curl(B) = I
b) Curl(D) = J
c) Curl(V) = I
d) Curl(H) = J
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Conclusion:
 Biot Savort Law and Ampere’s Circuital Law were studied
 Inter relationship between them were observed
 Distance increases magnitude of field intensity gets reduced

References:
 JohnDKraus,“Electromagnetics”,McGraw Hill Book Co.,NewYork,Third Edition,1989


M.O.Sadiku,“Elements of Electromagnetics”,6th Edition Oxford University Press,2010

Assignments:
1. A current filament carries a current of 10A in the
magnetic field intensity

direction on the z-axis.Find the

at point(0,-2,4) due to this filament if it extends from

2. Find the magnetic flux density at the centre O of a square of sides equal to 5m and
carrying 10amp current
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Topic No: 6
Title: Faraday’s Law
Aim and Objective: To study the Faraday’s Law
Pre Test MCQ
10) Biot Savort’s law in magnetic field is analogous to which law in electric field?
a) Gauss law
b) Faraday law
c) Coulomb’s law
d) Ampere law
11) Find the magnetic field of a finite current element with 2A current and height 1/2 is
a) 1
b) 2
c) 1/2
d) ¼
12) Calculate the magnetic field at a point on the centre of the circular conductor of radius
2m with current 8A.
a) 1
b) 2
c) 3
d) 4
13) In a static magnetic field only magnetic dipoles exist. State True/False.
a) True
b) False
14) The Ampere law is based on which theorem?
a) Green’s theorem
b) Gauss divergence theorem
c) Stoke’s theorem
d) Maxwell theorem
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15) Potential difference is the work done in moving a unit positive charge from one point to
another in an electric field. State True/False.
a) True
b) False
16) A point charge 2nC is located at origin. What is the potential at (1,0,0)?
a) 12
b) 14
c) 16
d) 18
17) Six equal point charges Q = 10nC are located at 2,3,4,5,6,7m. Find the potential at origin.
a) 140.35
b) 141.35
c) 142.35
d) 143.35
18) A point charge 0.4nC is located at (2, 3, 3). Find the potential differences between (2, 3,
3)m and (-2, 3, 3)m due to the charge.
a) 2.5
b) 2.6
c) 2.7
d) 2.8
19) Find the potential of V = 60sin /r2 at P(3,60,25)
a) 5.774
b) 6.774
c) 7.774
d) 8.774

Prerequisites:
 Knowledge about the three dimensional Coordinates System
 Knowledge about Vector Analysis Concepts
 Knowledge about the electrostatics fields and Magnetic fields
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Theory Behind:
Faradays Law
Faraday discovered that the induced emf, Vemf in any closed circuit is equal to the time rate of
change of the magnetic flux linkage by the circuit
It can be expressed as

Where N is the number of turns in the circuit and

is flux through each turn.The negatice sign

shows that the induced acts in such a way as to oppose the flux producing it.This is lenz’s Law.
Transformer and motional emfs
Faraday’s Law links electric and magnetic fields.For a circuit with a single turn equation 1
becomes

In terms of E and B eqn 2 can be written as

The variation of flux with time in eqn3 may be caused in three ways
 By having a stationary loop in a time varying B filed
 By having a time varying loop in a static B filed
 By having a time varying loop in a time varying B filed

Stationary loop in time varying field(Transformer emf)
When a stationary conductor in a time varying magnetic field B
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Fig 1 Induced emf due to a stationary loop in a time varying B field

This emf induced by the time varying field in a stationary loop is often refered to as transformer
emf since its due to transformer action.By applying storke’s theorem,we obtain

This is one of Maxwell’s equation for time varying fields.Thime varying field is not conservative
.The workdone in taking a charge about closed path in time varying electric filed is
due to energy from magnetic field(B)

Moving conductor in static B field(Motional emf)
When a conductor is moving in a static field(B),an emf is induced in the loop.Force on a charge
moving with uniform velocity u in a magnetic field is

We can define motional electric field Em as

If a conductor moving with uniform velocity u,the emf induced in the conductor is
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This type of emf is called motional emf or dynamically induced emf.This kind of emf applicable
to electrical machines like motors,generators and Alternators.

Moving loop in Time Varying field
When a conductor is moving in time varying magnetic fields, both transformer and motional emf
are induced and is given by

Applying stroke’s theorem, we obtain

MCQ Post Test
1) For time varying currents, the field or waves will be
a) Electrostatic
b) Magneto static
c) Electromagnetic
d) Electrical
2) According to Faraday’s law, EMF stands for
a) Electromagnetic field
b) Electromagnetic force
c) Electromagnetic friction
d) Electromotive force
3) Calculate the emf when the flux is given by 3sin t + 5cos t
a) 3cos t – 5sin t
b) -3cos t + 5sin t
c) -3sin t – 5cos t
d) 3cos t + 5sin t
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4) The induced voltage will oppose the flux producing it. State True/False.
a) True
b) False
5) Calculate the emf when a coil of 100 turns is subjected to a flux rate of 0.3 tesla/sec.
a) 3
b) 30
c) -30
d) -300
6) Which of the following statements is true?
a) E is the cross product of v and B
b) B is the cross product of v and E
c) E is the dot product of v and B
d) B is the dot product of v and E
7) The time varying electric field E is conservative. State True/False.
a) True
b) False

Conclusion:
 Stationary loop in time varying field(Transformer emf)
 Moving conductor in static B field(Motional emf)
 Moving loop in Time Varying field

References:
 JohnDKraus,“Electromagnetics”,McGraw Hill Book Co.,NewYork,Third Edition,1989


M.O.Sadiku,“Elements of Electromagnetics”,6th Edition Oxford University Press,2010

Assignments:
1. A conductor 10 cm in length is parallel to z-axis and rotates at radius of 30cm at
1500rpm.Find the induced voltage, if the radial field is given by
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2. A circular loop conductor lies in plane z=0 and has a radius of 0.5 m and resistance of
10Ω.
Given

Determine the current in the loop.
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Topic No: 7
Title: Maxwell’s Equation
Aim and Objective: To study the Maxwell’s Equation
Pre Test MCQ
1) Divergence theorem is based on
a) Gauss law
b) Stoke’s law
c) Ampere law
d) Lenz law
2) The Gaussian surface for a line charge will be
a) Sphere
b) Cylinder
c) Cube
d) Cuboid
3) The Gaussian surface for a point charge will be
a) Cube
b) Cylinder
c) Sphere
d) Cuboid
4) Biot Savart law in magnetic field is analogous to which law in electric field?
a) Gauss law
b) Faraday law
c) Coulomb’s law
d) Ampere law
5) The Ampere law is based on which theorem?
a) Green’s theorem
b) Gauss divergence theorem
c) Stoke’s theorem
d) Maxwell theorem
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6) For time varying currents, the field or waves will be
a) Electrostatic
b) Magneto static
c) Electromagnetic
d) Electrical
7) According to Faraday’s law, EMF stands for
a) Electromagnetic field
b) Electromagnetic force
c) Electromagnetic friction
d) Electromotive force
8) Which of the following statements is true?
a) E is the cross product of v and B
b) B is the cross product of v and E
c) E is the dot product of v and B
d) B is the dot product of v and E
9) The time varying electric field E is conservative. State True/False.
a) True
b) False
10) The induced voltage will oppose the flux producing it. State True/False.
a) True
b) False

Prerequisites:
 Knowledge about the three dimensional Coordinates System
 Knowledge about Vector Analysis Concepts
 Knowledge about Electrostatic fields and Magnetic fields ,Electric field intensity
and Potential
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Maxwell’s Equation
We have studied in previous topics that a static filed

can exist without a magnetic field

demonstrated by a capacitor with a static charge Q.Similarly a conductor with a constant
current I has a magnetic field
field,

in the absence of

,But in case of the time varying

can not exist without each other.

Maxwell’s equations are nothing but a set of foue expressions derived from Ampere’s
Law,Faraday’s Law,Gauss’s Law for electric field and magnetic field.These four expressions can
be written in following forms
 Point or differential forms
 Integral forms

Maxwell’s Equation from Ampere’s Circuital Law
According to Ampere’s circuital Law,the line integral of magnetic field intensity

aroun any

closed path is equal to the current enclosed by the path.

Replacing current by the surface integral of conduction currnt density over an area bounded by
the path of integration of

we get more general relation as,

Above expression can be made further general by adding displacement current density to
conduction current density as follows,

The equation above is Maxwell’s equation derived from Ampere’s Law. This is equation is in
integral form.
Applying stroke’s theorem to the left hand side of the equation
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Assuming that the surface for both integration is same, we can write,

Above equation is the point form or differential form of Maxwell’s equation derived from
Ampere’s circuital Law.

Maxwell’s Equation from Faraday’s Law
Now consider Faraday’s Law which relates e.m.f induced in a circuit to the time rate of decrease
of total magnetic flux linking the circuit. In general we can write

This is Maxwell’s equation derived from Faraday’s Law in integral form.
Using Stroke’s theorem, converting line integral of equation above to the surface integral

Assuming that the surface for both integration is same, we can write,

Above equation is the point form or differential form of Maxwell’s equation derived from
Faraday’s Law.

Maxwell’s Equation from Gauss’s Law for Electric Field
According to Gauss’s Law, the total flux out of the closed surface is equal to the net charge
within the surface. This can be written in integral form as,
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We know that from Gauss’s Law

The above equation is called Maxwell’s equation for electric fields derived from Gauss’s Law,
expressed in integral form.
Applying divergence theorem to the above equation

Assuming that same volume for integration, we can write

This is Maxwell’s equation for electric fields derived from Gauss’s Law, expressed in point form
or differential form.

Maxwell’s Equation from Gauss’s Law for Electric Field
For magnetic fields, the surface integral of

over a closed surface S is always zero due to non

existence of monopole in the magnetic fields.

The above equation is called Maxwell’s equation for magnetic fields derived from Gauss’s Law,
expressed in integral form.
Applying divergence theorem to the above equation
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This is differential form or point form of Maxwell’s equation derived from Gauss’s Law applied
to magnetic fields.

Pre Test MCQ
1) The first Maxwell law is based on which law?
a) Ampere law
b) Faraday law
c) Lenz law
d) Faraday and Lenz law
2) The correct sequence to find H, when D is given is
a) D-E-B-H
b) D-B-E-H
c) It cannot be computed from the data given
d) D-H
3) The curl of the electric field intensity is
a) Conservative
b) Rotational
c) Divergent
d) Static
4) Which of the following identities is always zero for static fields?
a) Grad(Curl V)
b) Curl(Div V)
c) Div(Grad V)
d) Curl(Grad V)
5) The Maxwell second equation that is valid in any conductor is
a) Curl(H) = Jc
b) Curl(E) = Jc
c) Curl(E) = Jd
d) Curl(H) = Jd
6) In dielectric medium, the Maxwell second equation becomes
a) Curl(H) = Jd
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b) Curl(H) = Jc
c) Curl(E) = Jd
d) Curl(E) = Jd
7) Find the equation of displacement current density in frequency domain.
a) Jd = jwεE
b) Jd = jw H
c) Jd = w E/j
d) Jd = j E/w
8) Both the conduction and displacement current densities coexist in which medium?
a) Only conductors in air
b) Only dielectrics in air
c) Conductors placed in any dielectric medium
d) Both the densities can never coexist
9) The charge density of a electrostatic field is given by
a) Curl of E
b) Divergence of E
c) Curl of D
d) Divergence of D
10) Which quantity is solenoidal in the electromagnetic theory?
a) Electric field intensity
b) Electric flux density
c) Magnetic field intensity
d) Magnetic flux density

Conclusion:
 Maxwell’s equations fromAmpere’s Circuital Law,Faradays Law and Gauss’s Law for
electric and magnetic fields in all forms were studied.
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References:
 JohnDKraus,“Electromagnetics”,McGraw Hill Book Co.,NewYork,Third Edition,1989


M.O.Sadiku,“Elements of Electromagnetics”,6th Edition Oxford University Press,2010

Assignments:
1. If
and
Find the value of k to satisfy the Maxwell’s equations for region
2. Find whether the following fields satisfy the Maxwell’s equation
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Topic No: 8
Title: Wave Propagation in medium
Aim and Objective: To study the waves and its propagation in the medium
Pre Test MCQ
1) The divergence of which quantity will be zero?
a) E
b) D
c) H
d) B
2) Find the Maxwell equation derived from Faraday’s law.
a) Div(H) = J
b) Div(D) = I
c) Curl(E) = -dB/dt
d) Curl(B) = -dH/dt
3) Find the Maxwell law derived from Ampere law.
a) Div(I) = H
b) Div(H) = J
c) Curl(H) = J
d) Curl(B) = D
4) In which of the following forms can Maxwell’s equation not be represented?
a) Static
b) Differential
c) Integral
d) Harmonic
5) In metals which of the following equation will hold good?
a) Curl(H) = J
b) Curl(J) = dD/dt
c) Curl(H) = D
d) Curl(J) = dB/dt
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6) The Faraday’s law states about which type of EMF?
a) Transformer EMF
b) Back EMF
c) Generator EMF
d) Secondary EMF
7) The charge build up in the capacitor is due to which quantity?
a) Conduction current
b) Displacement current
c) Convection current
d) Direct current
8) Which components exist in an electromagnetic wave?
a) Only E
b) Only H
c) Both E and H
d) Neither E or H
9) The propagation of the electromagnetic waves can be illustrated by
a) Faraday law
b) Ampere law
c) Flemming rule
d) Coulomb law
10) Which one of the following laws will not contribute to the Maxwell’s equations?
a) Gauss law
b) Faraday law
c) Ampere law
d) Curie Weiss law

Prerequisites:
 Knowledge about the three dimensional Coordinates System

 Knowledge about Vector Analysis Concepts
 Knowledge about time varying fields and Maxwell’s equation
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Theory Behind:
Uniform plane wave in Perfect dielectric
If a medium through which the uniform plane wave is propagating, is perfect dielectric( which is
called lossless dielectric), then the conductivity is zero i.e σ=0.Let the permittivity permeability
of the medium be

and

respectively.

The propagation constant γ is given by,

From the above equation it is clear that, propagation constant is purely imaginary. It indicates
in a perfect dielectric medium, attenuation constant α is zero. Let us select value of β which gives
propagation of wave in positive z-direction.

Similarly an intrinsic impedance for a perfect dielectric medium is given by,

Then intrinsic impedance

is real resistive. That means phase angle of intrinsic

impedance is zero. But the phase angle of intrinsic impedance is zero means phase difference
between and

is zero. In other words, for a pergect dielectric , both the fields

and

are in

phase.
As in perfect dielectric,

attenuation constant( ) is also zero. As wave

propagates,only the phase( ) changes. Thus no attentation i.e
dielectric medium is also called lossless dielectric.
The velocity of propagation in the perfect dielectric is given by,
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If the wavelength of one cycle of the propagating wave then velocity is given by

Uniform plane wave in Good Conductor
A practical or good conductor is the material which has very high conductivity. In
general, the conductivity is of the order of
aluminium etc.
For Good Conductors,

The propagation constant

As

is given by,

,We can nelect imaginary part(

),

But
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Thus for good conductor,

For good conductor, and

are equal and both are directly proportional to the square root of

frequency (f) and conductivity( )
The intrinsic impedance of a good conductor is given by

But for good conductor,

Substituting value of

The angle of intrinsic impedence is 450. As we have already studied that for perfect dielectric i.e
Zero conductivity, the intrinsic impedance angle is zero and for the good conductor angle is
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450.Moreover the intrinsic impedence has only a positive angle. This clearly indicates that the
field

by at the most 450.

may lag the field

Consider only the component of the electric field EX travelling in positive z-direction.
When it travels in good conductor the conductivity is very high and attenuation constant
is also high. Thus we can write such a component in phasor in form as

When such a wave propagates in good conductor there is a large attenuation of the
amplitude as shown in figure given below

At Z=0, amplitude of the component

is

while at z=d, amplitude is

distance z=d, the amplitude gets reduced by the factor
becomes

So over a distance

If we select

.In

, then the factor

the amplitude of the wave decreases to

approximately 37% of its original value. The distance through which the amplitude of the
travelling wave decreases to 37% of the original amplitude is called skin depth or depth
penetration. It is denoted δ
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From the expression of the skin depth, it is clear that δ is inversely proportional to the
square root of frequency. So for the frequencies in the microwave range, the skin depth or depth
of penetration is very small for good conductors. And all the fields and currents may be
considered as confined to a very thin layer near the surface of the conductor. This thin layer is
nothing but the skin of the conductor, hence this effect is called skin effect.

Post MCQ Test
1) For a dielectric, the condition to be satisfied is
a) σ/ω > 1
b) σ/ωε < 1
c) σ = ω
d) ω = 1
2) For a perfect dielectric, which parameter will be zero?
a) Conductivity
b) Frequency
c) Permittivity
d) Permeability
3) For a lossless dielectric, the attenuation will be
a) 1
b) 0
c) -1
d) Infinity
4) Which of the following is the correct relation between wavelength and the phase constant
of a wave?
a) Phase constant = 2π/wavelength
b) Phase constant = 2 x wavelength
c) Phase constant = 1/(2 x wavelength)
d) Phase constant = wavelength/2
5) In lossy dielectric, the phase difference between the electric field E and the magnetic
field H is
a) 90
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b) 60
c) 45
d) 0
6) The intrinsic impedance is the ratio of square root of
a) Permittivity to permeability
b) Permeability to permittivity
c) Phase constant to wavelength
d) Wavelength to phase constant
7) Calculate the skin depth of a material with attenuation constant of 2 units.
a) 2
b) 1
c) 0.5
d) 4
8) Calculate the phase constant of a wave with skin depth of 2.5 units.
a) 5/2
b) 5
c) 2
d) 2/5
9) An example for lossless propagation is
a) Dielectric waveguide propagation
b) Conductor propagation
c) Cavity resonator propagation
d) It is not possible
10) Skin depth phenomenon is found in which materials?
a) Insulators
b) Dielectrics
c) Conductors
d) Semiconductors

Conclusion:
 Propagation of wave in dielectric and good conductor were studied
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 The various parameters of wave propagation for dielectric and conductor were studied
and compared.

References:
 JohnDKraus,“Electromagnetics”,McGraw Hill Book Co.,NewYork,Third Edition,1989


M.O.Sadiku,“Elements of Electromagnetics”,6th Edition Oxford University Press,2010

Assignments:
1) A uniform plane wave is travelling at a velocity of

having wavelength

in a non magnetic good conductor. Calculate the frequency of wave and
the conductivity of a medium.
2) A 300 MHz uniform plane wave propagates through fresh water for which
.Calculate the attenuation constant, the phase constant, the wavelength,
intrinsic impedance.
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Topic No: 9
Title: Poynting Vector and Poynting theorem
Aim and Objective: To study the Poynting Vector and Poynting theorem
Pre Test MCQ
1) The Maxwell second equation that is valid in any conductor is
a) Curl(H) = Jc
b) Curl(E) = Jc
c) Curl(E) = Jd
d) Curl(H) = Jd
2) In dielectric medium, the Maxwell second equation becomes
a) Curl(H) = Jd
b) Curl(H) = Jc
c) Curl(E) = Jd
d) Curl(E) = Jd
3) In the conversion of line integral of H into surface integral, which theorem is used?
a) Green theorem
b) Gauss theorem
c) Stokes theorem
d) It cannot be converted
4) Find the curl of E when B is given as 15t.
a) 15
b) -15
c) 7.5
d) -7.5
5) Which components exist in an electromagnetic wave?
a) Only E
b) Only H
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c) Both E and H
d) Neither E or H
6) The propagation of the electromagnetic waves can be illustrated by
a) Faraday law
b) Ampere law
c) Flemming rule
d) Coulomb law
7) The conductivity in free space medium is
a) Infinity
b) Unity
c) Zero
d) Negative
8) Zero permeability/permittivity implies which state?
a) No ions are allowed in the medium
b) No current is generated in the medium
c) No magnetic or electric energy is permitted in the medium
d) No resistivity
9) In free space, the condition that holds good is
a) Minimum attenuation and propagation
b) Minimum attenuation and maximum propagation
c) Maximum attenuation and minimum propagation
d) Maximum attenuation and propagation
10) The vectors of the electromagnetic wave propagation can be expressed in
a) Dot product
b) Cross product
c) Unit vector
d) Perpendicular vector

Prerequisites:
 Knowledge about the three dimensional Coordinates System

 Knowledge about Vector Analysis Concepts
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 Knowledge about electrostatics and magneto statics

Theory Behind:
Poynting Vector and Poynting theorem
By the means of electromagnetic (EM) waves, energy can be transported from transmitter to
receiver. The energy stored in an electric field and magnetic field is transmitted at a certain rate
of energy flow which can be calculated with the help of pointing theorem. As we know
are basic fields.

is electric field expressed in V/m; while

and

is magnetic field measured in A/m.

so if we take product of two fields, dimensionally we get a unit V.A/m2 or watt/m2.So if we take
product of

and

gives a new quantity which is expressed as watt per unit area. Thus this

quantity is called power density.
As

and

both are vectors to get power density we may carry out either dot product or cross

product. The result of a dot product is always a scalar quantity. But as power flows in certain
direction, it is a vector quantity. To illustrate this consider that the field is transmitted in the form
of an electromagnetic waves from an antenna. Both the fields are sinusoidal in nature. The power
radiated from antenna has a particular direction. Hence to calculate a power density, we must
carry out a cross product of

Where

and

the power density is given by

is called poynting vector, named after an English physicist John N. Poynting.

is the

instantaneous power density vector associated with the electromagnetic (EM) field at a given
point. The direction of
flowing out of any surface

Indicates instantaneous power flow at the point. To get a net power
is integrated over same closed surface.

The poynting theorem is based on law of conservation of energy in electromagnetism. Poynting
theorem can be stated as follows:
The net power flowing out of a given volume v is equal to the time rate of decrease in the energy
stored within volume v minus the ohmic power dissipated. This can be well illustrated by the
figure given below
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then

and

are mutually perpendicular to each other.

Integral and point forms of poynting theorem
Consider Maxwell’s equations as given below:

Dotting both the sides of above equation with

We get,
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Let us make use of a vector identity as given below,

Applying above vector identity to equation

with

Consider first term on left of equation putting value of

Now consider term,

Similarly we can write,

Using results obtained in the above equations
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σ
But

is nothing but poynting vector

rewriting equation,

σ
Equation above represents Poynting theorem in point form. If we integrate this power over a
volume , we get energy distribution as
σ
Applying divergence theorem to left of above equation, we get,
σ
Equation above represents poynting theorem in integral form. The negative sign on the left of
equation indicates that the power is flowing into the surface. The first term on the right gives the
total ohmic power loss within the volume, while the second term represents time rate of increase
of total energy stored in the electric and magnetic fields.

Post Test MCQ
1) The total power of a wave with average power 15 units in a surface density of 0.5 units is
a) 15
b) 30
c) 7.5
d) 0.75
2) The power of a wave with electric field intensity of 3 units in air is
a) 0.01
b) 0.03
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c) 0.05
d) 0.07
3) Find the power of an EM wave, given that the cross product of the E and H component is
2 + 3j.
a) 2
b) 1
c) 4
d) 8
4) The power in a electromagnetic wave with electric field and magnetic field intensities 12
and 8 respectively is
a) 96
b) 12
c) 8
d) 48
5) The power in a wave given that H component is 0.82 units in air.
a) 126.74
b) 621.47
c) 216.47
d) 745.62
6) Find the power of a wave given that the RMS value of E and H are 6 and 4.5
respectively.
a) 24
b) 27
c) 29
d) 32
7) The electric and magnetic fields vary with time in which of the following fields?
a) DC
b) AC
c) Static
d) It does not vary with time
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8) The power per unit velocity of a wave with electric field as 8 units and density 10 units is
a) 40
b) 20
c) 80
d) 160
9) The power of a wave in a cylindrical waveguide of radius 2m with electric field 12 units
is
a) 2.39
b) 3.92
c) 9.23
d) 9.32
10) The Poynting vector is the power component that is calculated by the
a) Product of E and H
b) Ratio of E and H
c) Dot product of E and H
d) Cross product of E and H

Conclusion:
 Power and power density of wave were studied.
 Poynting vector and poynting theorem were studied.
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Assignments:
1. A metallic conductor has a circular cross-section of radius 1 cm amd
The conductor carries uniformly distributed current of 100A in
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2. A radio station transmits power radially around the spherical region.The desired field
intensity at a distance of 10km from the station is 1 mV/m.Calculate the corresponding
magnetic field,power density and the power transmitted by station
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