
PHYSICS

BOOKS - HC VERMA

ELECTROMAGNETIC WAVES

Example

1. A parallel - plate capacitor is being

charged.Show that the displacement current

across an area in the region between the

https://doubtnut.app.link/lkek2J5wfhb
https://doubtnut.app.link/MVcbJvrhfnb
https://doubtnut.app.link/MVcbJvrhfnb
https://dl.doubtnut.com/l/_ax71Voilw6Kv


plates and parallel to it is equal to the

conduction current in the connecting wires.

Watch Video Solution

2. The maximum electric �eld in a plane

electromagnetic wave is . The wave

is going in the x-direction and the electric �eld

is in the y- direction. Find the maximum

magnetic �eld in the wave and its direction.

Watch Video Solution

600NC − 1

https://dl.doubtnut.com/l/_ax71Voilw6Kv
https://dl.doubtnut.com/l/_PbjZdkqE5lDX
https://dl.doubtnut.com/l/_huXCOceS2tTA


3. The electric �eld in an electromagnetic wave

is given by  Find

the energy contained in a cylinder of cross

section 10 cm^2 and length 50 cm along the x-

axis.

Watch Video Solution

E(50NC − 1)sinω(t − ).
x

c

4. Find the intensity of the wave for energy

density 1.1x10^-8 Jm^-3

Watch Video Solution

https://dl.doubtnut.com/l/_huXCOceS2tTA
https://dl.doubtnut.com/l/_O8Ol0tq2u3uI


Worked Out Examples

1. A parallel- plate capacitor with plate area A

and separation between the plates d, is

charged by a constant current i. Consider a

plane surface of area A/2 parallel to the plates

and drawn summetrically between the plates.

Find the displacement current through this

area.

Watch Video Solution

https://dl.doubtnut.com/l/_FiTrLkM4gScI


2. A plane electromagnetic wave propagating

in the x-direction has a wavelength of 5.0 mm.

The electric �eld is in the y-direction and its

maximum magnitude is . Write

suitable equations for the electric and

magnetic �elds as a function of x and t.

Watch Video Solution

30V (m− 1)

3. A light beam travelling in the x- direction is

described by the electric �eld

https://dl.doubtnut.com/l/_274gZOVbluAg
https://dl.doubtnut.com/l/_lj7LyXDKpHxW


. An

electron is constrained to move along the y-

direction with a speed .

Find the maximum electric force and the

maximum magnetic force on the electron.

Watch Video Solution

Ey = (300V (m− 1)sinω(t − (x/c))

(2.0 × (107)m(s− 1))

4. Find the energy stored in a 60 cm length of

a laser beam operating at 4 m W.

Watch Video Solution

https://dl.doubtnut.com/l/_lj7LyXDKpHxW
https://dl.doubtnut.com/l/_IdHHS9AlBWgQ
https://dl.doubtnut.com/l/_MvvDjVQDm10z


Question For Short Answers

5. Find the amplitude of the electric �eld in a

parallel bean of light of intensity 

Watch Video Solution

2.0Wm− 2.

1. In a microwave oven, the food is kept in a

plastic 

container and the microwave is directed

towards the 

food. The food is cooked without melting or

https://dl.doubtnut.com/l/_MvvDjVQDm10z
https://dl.doubtnut.com/l/_XeNhLtg9Bo7O


igniting the 

plastic container. Explain.

Watch Video Solution

2. A metal rod is placed along the axis of a

solenoid carrying a high-frequency alternating

current. It is found that the rod gets heated.

Explain why the rod gets heated .

Watch Video Solution

https://dl.doubtnut.com/l/_XeNhLtg9Bo7O
https://dl.doubtnut.com/l/_tBFRcRKZgvHV


3. Can an electromagnetic wave be de�ected

by an electric �eld? By a magnetic �eld ?

Watch Video Solution

4. A wire carries an alternating current

. In there an electric �eld in the

vicinity of the wire?

Watch Video Solution

i = i0 sinωt

https://dl.doubtnut.com/l/_lJqh9BHNjBLg
https://dl.doubtnut.com/l/_kumXPLSaMYQJ


5. A capacitor is connected to an alternating-

current source. Is there a magnetic �eld

between the plates ?

Watch Video Solution

6. Can an electromagnetic wave be polarized?

Watch Video Solution

https://dl.doubtnut.com/l/_gJNo6vCmSKWb
https://dl.doubtnut.com/l/_6qwYkAEdBtbx


Objective 1

7. A plane electromagnetic wave is passing

through a region. Consider the quantities (a)

electric �eld, (b) magnetic �eld , (c) electrical

energy in a small volume and (d) magnetic

energy in a small volume. Construct pairs of

the quantities that oscillate with equal

frequencies.

Watch Video Solution

https://dl.doubtnut.com/l/_H4NK0FO0xNjY
https://dl.doubtnut.com/l/_ZWiV2MzF6utB


1. A magnetic �eld is produced by

A. a moving charge

B. a changing electric �eld

C. none of them

D. both of them.

Answer: D

Watch Video Solution

https://dl.doubtnut.com/l/_ZWiV2MzF6utB


2. A compass needle is placed in the gap of a

parallel plate 

capacitor. The capacitor is connected to a

battery 

through a resistance. The compass needle

A. does not de�ect

B. de�ects for a very short time and then

comes back to the original position

C. de�ects and remains de�ected as long as

the battery is connected

https://dl.doubtnut.com/l/_oB5ru97CtTB9


D. de�ects and gradually comes to the

original position in a time which is large

compared to the time constant.

Answer: D

Watch Video Solution

3. The dimension of  is

A. 

B. 

1

μ0ε0

L

T

T

L

https://dl.doubtnut.com/l/_oB5ru97CtTB9
https://dl.doubtnut.com/l/_V3ywkYBz2BSO


C. 

D. 

Answer: C

Watch Video Solution

L2

T 2

T 2

L2

4. Electromagnetic waves are produced by

A. a static charge

B. a moving charge

C. an accelerating charge

https://dl.doubtnut.com/l/_V3ywkYBz2BSO
https://dl.doubtnut.com/l/_HLgVk39hSC6m


D. chargeless particles.

Answer: C

Watch Video Solution

5. An electromagnetic wave going through

vacuum is described by which of the following

equation is true?

A. 

B. 

(E0)k = (B0)ω

(E0)(B0) = ωk

https://dl.doubtnut.com/l/_HLgVk39hSC6m
https://dl.doubtnut.com/l/_Fha5GKdv6EYW


C. 

D. none of these .

Answer: A

Watch Video Solution

(E0)ω = B0k

6. An electric �eld `(vec E) and a magnetic �eld

(vec B)exist in a region . The �elds are not

perpendicular to each other.

A. This is not possible

https://dl.doubtnut.com/l/_Fha5GKdv6EYW
https://dl.doubtnut.com/l/_touz1CqbDGhm


B. No electromagnetic wave is passing

through the region.

C. An electromagnetic wave may be passing

through the region

D. An electromagnetic wave is certainly

passing through the region.

Answer: C

Watch Video Solution

https://dl.doubtnut.com/l/_touz1CqbDGhm


7. Consider the following two statements

regarding a linearly polarized, plane

electromagnetic wave: 

The electric �eld and the magnetic �eld have

equal average values. 

The electric energy and the magnetic energy

have equal average values.

A. Both A and B are true.

B. A is false but B is true.

C. B is false but A is true.

https://dl.doubtnut.com/l/_IvaUeBX7fyUm


D. Both A and B are false.

Answer: A

Watch Video Solution

8. A free electrons is placed in the path of a

plane electromagnetic wave. The electron will

start moving

A. along the electric �eld

B. along the magnetic �eld

https://dl.doubtnut.com/l/_IvaUeBX7fyUm
https://dl.doubtnut.com/l/_GhkXMK3dbbob


C. along the direction of propagation of

the waves

D. in a plane containing the magnetic �eld

and the direction of propagation.

Answer: A

Watch Video Solution

9. A plane electromagnetic wave is incident on

a material surface. The wave delivers

momentum p and energy E.

https://dl.doubtnut.com/l/_GhkXMK3dbbob
https://dl.doubtnut.com/l/_xLPk0s3Zv54n


Objective 2

A. 

B. 

C. 

D. 

Answer: A

Watch Video Solution

p = 0, E ≠ 0.

p ≠ 0, E = 0.

p ≠ 0, E ≠ 0.

p = 0, E = 0.

https://dl.doubtnut.com/l/_xLPk0s3Zv54n


1. An electromagnetic wave going through

vacuum is described by 

 Which of the following

is/are independent of the wavelength?

A. k

B. 

C. 

D. 

Answer: C

Watch Video Solution

E = E0 sin(kx − ωt).

ω

k

ω

kω

https://dl.doubtnut.com/l/_UCd2bYi3jUmS


Watch Video Solution

2. Displacement current goes through the gap

between the plates of a capacitor when the

charge of the capacitor

A. increase

B. decrease

C. does not change

D. is zero.

Answer: A::B

https://dl.doubtnut.com/l/_UCd2bYi3jUmS
https://dl.doubtnut.com/l/_xxPvXX6aOmYi


Watch Video Solution

3. Speed of electromagnetic wave is the same

for all

A. for all wavelengths

B. in all media

C. for all intensities

D. for all frequencies .

Answer: C

Watch Video Solution

https://dl.doubtnut.com/l/_xxPvXX6aOmYi
https://dl.doubtnut.com/l/_fgEJyKDnwtHu


4. Which of the following have zero average

value in a plane electromagnetic wave?

A. electric �eld

B. magnetic �eld

C. electric energy

D. magnetic energy.

Answer: A::B

Watch Video Solution

https://dl.doubtnut.com/l/_fgEJyKDnwtHu
https://dl.doubtnut.com/l/_iL2Fl3o91qVk


5. The energy contained in a small volume

through which an electromagnetic wave is

passing oscillates with

A. zero frequency

B. the frequency of the wave

C. half the frequency of the wave

D. double the frequency of the waves.

Answer: D

Watch Video Solution

https://dl.doubtnut.com/l/_uUKUnLbOsLRe


Exercise

1. Show that the dimensions of the

displacement current  are that of

an electric current.

Watch Video Solution

(ε0 )
dΦE

dt

2. A point charge is moving along a straight

line with a constant velocity v. Consider a small

area A perpendicular to the direction of

motion of the charge . Calculate the

https://dl.doubtnut.com/l/_I4EXm3709L16
https://dl.doubtnut.com/l/_xGfSvqD1MOts


displacement current through the area when

its distance from the charge is x. The value of x

is not large so that the electric �eld at any

instant is essentially given by Coulomb's law. 

Watch Video Solution

3. A parallel- plate capacitor having plate-area

A and plate separation d is joined to a battery

of emf  and internal resistance R at t=0.

Consider a plane surface of area A/2, parallel

ε

https://dl.doubtnut.com/l/_xGfSvqD1MOts
https://dl.doubtnut.com/l/_sZJIe1cwU21U


to the plates and situated symmetrically

between them. Find the displacement current

through this surface as a function of time.

Watch Video Solution

4. Consider the situation of the previous

problem. De�ne displacement resistance

 of the space between the plates

where V is the potential di�erence between

the plates and  is the displacement current.

(Rd = )
V

id

id

https://dl.doubtnut.com/l/_sZJIe1cwU21U
https://dl.doubtnut.com/l/_qgJbflZAbrXg


Show that  varies with time as ` (R_d)=

(R(e^(t/tau)-1).)

A. 

B. 

C. 

D. 

Answer:

Watch Video Solution

Rd

https://dl.doubtnut.com/l/_qgJbflZAbrXg


5. Using , �nd the ratio 

for a plane electromagnetic wave propagating

through vacuum. Show that it has the

dimensions of electric resistance. This ratio is

a universal constant called the impedance of

free space.

Watch Video Solution

B0 = (μ0)H0 ( )
E0

H0

6. The sunlight reaching the earth has

maximum electric �eld of 810V . What is(m− 1)

https://dl.doubtnut.com/l/_d2IOfgDLuQsj
https://dl.doubtnut.com/l/_T7dPs5lpa23j


the maximum magnetic �eld in this light?

Watch Video Solution

7. The magnetic �eld in a plane

electromagnetic wave is given by

 x 

. Find the maximum

electric �eld and the average energy density

corresponding to the electric �eld .

Watch Video Solution

B = (200(μ)T )sin[(4.0

(1015)(s− 1)(t − ( ))]
x

c

https://dl.doubtnut.com/l/_T7dPs5lpa23j
https://dl.doubtnut.com/l/_zN02RlcXxlCO
https://dl.doubtnut.com/l/_J9qvTQv0Ema9


8. A laser beam has intensity  x

. Find the amplitudes of

electric and magnetic �elds in the beam.

Watch Video Solution

2.5

(1014)W(m− 2)

9. A laser beam has intensity  x

. Find the amplitudes of

electric and magnetic �elds in the beam.

Watch Video Solution

2.5

(1014)W(m− 2)

https://dl.doubtnut.com/l/_J9qvTQv0Ema9
https://dl.doubtnut.com/l/_wpviX3u56hmv

