Tutorial 3: Electromagnetic Waves:

Q1:

Displacement current and Maxwell’s equations; Wave equations in vacuum,
Poynting theorem; Vector and scalar potentials;

Electromagnetic field tensor, covariance of Maxwell’s equations;

Wave equations in isotropic dielectrics, reflection and refraction at the boundary
of two dielectrics;

Fresnel’s relations; Total internal reflection;

Normal and anomalous dispersion; Rayleigh scattering;

The electric field of a plane e.m. wave travelling along the z-axis is

Determine the magnetic field.

Q2:

(a)

(b)

.._)
E =(ExX +Eq3 ) sin (ot —kz + ¢).

10
2013
(1) Considering an isotropic, linear, non-conducting, non-magnetic
and inhomogeneous dielectric medium with
- = 9 >
D=¢E =¢,n°(x,y5,2) E,

_> .
show that the electromagnetic wave equation for the field E is
given by

= =¥l 1> — 'ZE
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(i1) Write down the scalar equation for E; from the above equation. 5

(iii) Interpret physically the situation if we move from homogeneous
to an inhomogeneous medium. 5

—>

(iv) Obtain the similar vector equation for the magnetic field H in
inhomogeneous medium. 15

For a uniform wire of length L and radius a having a potential difference

V between the ends and a current I along it, calculate the energy per
unit time delivered to the wire by Poynting vector. 10

2013
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Q3:
Starting from Maxwells equation, obtain the wave equation for the

clectric fi eld E in freo spacc and approprlate wave equatlon for the

electric field E E (X, ¥, 2) Z. 10

2014

Q4:
Show that the energy flow due to a plane electromagnetlc wave

pmpagatmg along z-dlrcctlon in a dielectric medium is given by

7z r k. E0 cos2(kz — ot),
®u '

where k and o are the propagation vector and angular frequency, E, is

clectric field amplitude, p is the relative permeéability of the medium. 10
2014
Q5:
Derive the equation that represents Poynting’s theorem. What is its
physical significance ? 20
2015
Q6:

A radio station transmits electromagnetic waves isotropically with an
average power of 200 kW. Determine the average magnitude of the
maximum electric field at a distance of 5 km from it. 15

2015

Q7:

A plane electromagnetic wave propagating along +; direction is
incident normally on the boundary at z = 0 between medium A (z < 0)
and medium B (z>0). Determine the reflection coefficient and
transmission coefficient for the wave. 20

2015

Q8:

In free space, the electric field of electromagnetic wave is given as
5 (x, t) =120 cos(wt — kx)j V/m. Find the average power crossing a circular

area of radius one metre in the yz-plane. 10
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2016

Qo: _ .
Write down Maxwell’s equations for linear dielectrics and deduce the equation
of continuity. 10
2016
Q10: .
Slale and prove Poynting’s theorem. 20
2016
Q11:
Write down the electromagnetic wave equations in non-conducting dielectric
T
medium. Hence show that the velocity of wave propagation is given by v = i,
where the symbols have their usual meanings. 10
2017
Q12:
Write down the physical significance of Maxwell’s equations and explain the
concept of displacement current by using a proper example. 10
2017
Q13:
Define a plane electromagnetic wave. A plane polarized wave is incident
on the interface between two dielectric media. Obtain expressions for the
amplitudes of the reflected and transmitted waves when the incident
wave is polarized with its electric field E vector perpendicular to the
plane of incidence. Discuss the phase relationships of the reflected and
transmitted waves with respect to the incident wave, 20
2018
Q14:
Write down Maxwell’s equations in integral form. Explain the
significance of each of these equations. 5
2018
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Q15:
A parallel plate capacitor has plate area = 4.0 em? and plate

separation = 2-0 mm. An a.c. voltage V = 20 sin (5 x 107 t) volts is
applied across the plates. If the dielectric constant of the medium

between the plates is e =20, calculate the displacement
current. 5

2018

Q1l6:
Find the values of E and H on the surface of a wire carrying a current.
By computing the Poynting vector, show that it represents a flow of

energy into the wire. 20

2019

Q17: ] . :

For the electric field given by E = Ey €%t show that the conduction
current is in phase with the electric field, while the displacement
current leads the electric field by % radians. Also, show that the
displacement current in a good conductor is negligible compared to the

conduction current at any frequency lower than the optical frequencies
(f < 1015 Hz). 10

2020

Q18:
For free space show that electromagnetic (EM) wave is transverse in
nature. Show that for free space, the total outward flux of EM energy
through surface S bounding volume V is equal to the rate of loss of EM

energy from the volume V.
A laser beam of 2 mm diameter has average power of 20 GW. Calculate
the peak values of electric and magnetic fields in the laser beam. 20

2020

Q19:
Write Maxwell’s equations in free space in both differential and integral

forms. Obtain wave equations and show that electromagnetic waves can
travel in free space with a speed of light. Can one get the wave equations
from the integral form of the Maxwell’s equations ? 15

2020

Abhishek Kumar - VidBodh Academy - vidbodh.com
Physics Optional - Science & Technology - Ecology & Environment



Q20:
In an inertial reference frame S there is only a uniform electric field

= =,
E =8 kVml. Find the magnitude of E and B in the inertial reference

’ . . . _) .
frame S" moving with a constant velocity v relative to the frame S at an

_)
angle a = 45° to the vector E . The velocity of the frame S’ is 0:6 times
the velocity of light c. 20
2021
Q21:
Calculate the skin depth of electromagnetic waves of 1 MHz incident on
a good conductor having o = 58 x 107 Sm~1. Assume that inside the
conductor p = pg = 41 x 10-7 Hm1. 10
2021
Q22:
Write down Maxwell’s equations in a non-conducting medium with constant
permeability and susceptibility (p = j =0). Show that E and B each satisfies the
wave equation, and find an expression for the wave velocity. Write down the
- - - -
plane wave solutions for E and B, and show how E and B are related. 15
2022
Q23:
In a partially conducting medium, ¢, =18-5, 4, =800 and 6 =18 m~!. Find o,
B, n and the velocity u, for a frequency of 10° Hz. Determine H (z t). Given,
E(z t) =50e™* cos (wt -Pa,)a, V m™L. 20
2022
Q24.
Show that Continuity equation is embedded in Maxwell’s equations. 10
2023
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Q25:
Consider the interaction of an electromagnetic wave at the interface of
_)
two dielectric media. If electric field E is parallel to the plane of

incidence, obtain Fresnel’s equations and Brewster’s law of polarization. 20

2023

Q26.
Using Maxwell’s equations, obtain Poisson’s equation and Laplace’s equation.

The region X2 x® hos w charge density p= 1678 cos(—z—) (C/ms).
2 Zy 2 Zg

Elsewhere the charge density is zero. Find the electric potential V and electric
field E from the Poisson’s equation. 15

2024
Q27.

A uniform plane wave with E=E »a, propagates in a lossless medium (€, =4,
K, =1, 0 =0) in the 2-direction. Assume that E, is sinusoidal with a frequency
100 MHz and has a maximum value of 10'4(V/m) at t=0 and z=% (m).

(i) Write the expression for instantaneous E for any t and z.

(ii) Write the expression for instantaneous H.

(i) Determine the locations where E , is a positive maximum, when t = 107 (s).
20

2024

Q28.

What is anomalous dispersion? How does the phenomenon of dispersion
lead to the separation of white light into its constituent colours? 5

2024
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Q29.
@ @ gwmﬁ@ﬂga-m(f)ﬁmmmmwmw%:

- A
E =10cos (ot -100x)j V/m

FIi AT o 3R Fereema gm Fa Fifsg |
._)

In free space, an electric field (E ) is given by the following
expression :

=> A

E =10cos (ot -100x)j V/m
Find the angular frequency » and the displacement current. 10

: =% ;
(i) U Ferega-rerhiy 7T 1 e & |B| = 55 x 1078 T # | e wfew
1 it F1d Hifs |
.—)
An electromagnetic wave has its magnetic field |B| = 55 x 1078 T.
Determine the magnitude of the Poynting vector. 5
2025
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