
PHYSICS

BOOKS - CHHAYA PHYSICS (BENGALI ENGLISH)

ELECTROMAGNETIC WAVES

Numerical Examples

1. In the velocity of em wave in vacuum is  and the

magnetic permeability of vacuum is , �nd

the electric permittivity of vacuum.

Watch Video Solution

3 × 108m. s− 1

4π × 10− 7N. C − 2. s2

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


2. Amplitude of electric �eld of a plane electromagnetic wave is

 . What is the amplitude of the magnetic �eld of the

wave ?

Watch Video Solution

48V . m− 1

3. Electric �eld of an electromagnetic wave is ,  sin

.Find the frequency , velocity ,

wavelength of the wave . Write the equation of the magnetic �eld

corresponding to this wave. Assume all quantities in SI unit.

Watch Video Solution

E = 10− 5

(12 × 1015t − 4 × 107x)

4. In an electromagnetic �eld , the amplitude of electric �eld at a

point is 3 V.  . Calculate energy density and intensity of the

wave at that point. Given 

m− 1

μ0 = 4π × 10− 7H. m− 1

https://dl.doubtnut.com/l/_f4SfvoUoO7hz
https://dl.doubtnut.com/l/_Dl18lpxwGFgY
https://dl.doubtnut.com/l/_M0nxAVBHon6x


Watch Video Solution

5. A rectangular parallel plate capacitor of dimension 5 cm x 4 cm

is charging in such a way that the rate of change of electric �eld

between the two plates is . Calculate

the displacement current for this capacitor . 

Given 

Watch Video Solution

5.65 × 1011V . m− 1. s− 1

∈0 = 8.85 × 10− 12F . m− 1

6. Calculate the intensity and the rms value of electric �eld of

electromagnetic waves at a distance 10 m from a 100 W electric

bulb . Given 

Watch Video Solution

∈0 = 8.85 × 10− 12F . m− 1

https://dl.doubtnut.com/l/_M0nxAVBHon6x
https://dl.doubtnut.com/l/_50zOR71PbyQ3
https://dl.doubtnut.com/l/_NORn24J0rbO3


Section Related Questions

1. Write down the expression of displacement current .

Watch Video Solution

2. De�ne electromagnetic wave.

Watch Video Solution

3. In vibrational spectroscopy , which type of waves is used ?

What is the source of this type of waves ?

Watch Video Solution

https://dl.doubtnut.com/l/_XRoCM8cBfSDe
https://dl.doubtnut.com/l/_q4BwJsLe9RMr
https://dl.doubtnut.com/l/_IiU2tC4JsalT


4. Write down the range of wavelength of X-rays.

Watch Video Solution

5. Write down the uses of radio waves.

Watch Video Solution

6. Arrange the following waves according to the wavelength in

ascending order of their magnitudes:

Visible light, Ultraviolet waves, Microwaves, Radio waves, X-rays,

Infrared waves, Gamma rays.

Watch Video Solution

https://dl.doubtnut.com/l/_aS9boVc4OcM9
https://dl.doubtnut.com/l/_v508jaT4PaYF
https://dl.doubtnut.com/l/_WnmExOqrbCoB
https://dl.doubtnut.com/l/_lxY28VkBKMOt


7. Write down two properties of electromagnetic waves.

Watch Video Solution

8. Write down the two expressions by which electric and

magnetic �elds of an electromagnetic wave can be represented.

Watch Video Solution

9. Write down an expression for speed of electromagnetic wave

in free space in terms of  and .

Watch Video Solution

μ0 ∈0

10. Write di�erent kinds of EM waves.

Watch Video Solution

https://dl.doubtnut.com/l/_lxY28VkBKMOt
https://dl.doubtnut.com/l/_8uTVZ26Ks034
https://dl.doubtnut.com/l/_6FPqysNhgpg6
https://dl.doubtnut.com/l/_sI7c6eXSU1ey


Watch Video Solution

11. Show that , the energy density in an electromagnetic �eld,

Watch Video Solution

u = ∈0 E2
0 = B2

0

1

μ0

12. What do you mean by the intensity of electromagnetic

radiation at a point ? Show that , Intensity I=cu.

Watch Video Solution

13. What is radiation pressure ? Mention its relation with density

of radiated energy .

Watch Video Solution

https://dl.doubtnut.com/l/_sI7c6eXSU1ey
https://dl.doubtnut.com/l/_4G8xAGPcmUdv
https://dl.doubtnut.com/l/_L0SKK1K4quQ7
https://dl.doubtnut.com/l/_aKv8arbk4yuE
https://dl.doubtnut.com/l/_g1ERaxXXy9Vm


Hots Questions

14. Draw a neat diagram showing the direction of electric (E ) and

magnetic (B ) �eld vectors in an electromagnetic wave with the

direction of the velocity v of propagation of the wave.

Watch Video Solution

1. Sound waves, unlike electromagnetic waves, cannot travel

through vacuum. Why?

Watch Video Solution

2. Electric �eld or magnetic �eld can independently exist In

nature, but in electromagnetic waves, neither electric �eld or

magnetic �eld can exist independently. Why?

https://dl.doubtnut.com/l/_g1ERaxXXy9Vm
https://dl.doubtnut.com/l/_ilW2x8vvmPu9
https://dl.doubtnut.com/l/_JITp4QFeZYj8


Watch Video Solution

3. Electric �eld and magnetic �eld of an electromagnetic wave

advance as sinusoidal waves. Instead of being sinusoidal, if these

�elds had been di�erent periodical waves, state whether any

electromagnetic wave would have been formed or not.

Watch Video Solution

4. Name any two electromagnetic waves. State any one similarity

and one dissimilarity between them.

Watch Video Solution

https://dl.doubtnut.com/l/_JITp4QFeZYj8
https://dl.doubtnut.com/l/_6a97N0lS1yR9
https://dl.doubtnut.com/l/_ulrfssOt4fgp


Ncert Textbook Questions

5. Light waves can travel in vacuum but sound waves require a

material medium. Why?

Watch Video Solution

1. A capacitor is made of two circular plates each of radius 12 cm,

and separated by 5.0 cm. The capacitor is being charged by an

external source. The charging current is constant and equal to

0.15 A. 

(a) Calculate the capacitance and rate of change of potential

di�erence between the plates.

View Text Solution

https://dl.doubtnut.com/l/_AzT8rgg7HPR2
https://dl.doubtnut.com/l/_V9uHt3qGFBvB
https://dl.doubtnut.com/l/_fQKJ0OWhUl9a


2. A capacitor is made of two circular plates each of radius 12 cm,

and separated by 5.0 cm. The capacitor is being charged by an

external source. The charging current is constant and equal to

0.15 A. 

Obtain the displacement current across the plates.

Watch Video Solution

3. A capacitor is made of two circular plates each of radius 12 cm,

and separated by 5.0 cm. The capacitor is being charged by an

external source. The charging current is constant and equal to

0.15 A. 

Is Kirchho�'s �rst rule (junction rule) valid at each plate of the

capacitor? Explain.

View Text Solution

https://dl.doubtnut.com/l/_fQKJ0OWhUl9a
https://dl.doubtnut.com/l/_HCRALQwJK9es
https://dl.doubtnut.com/l/_GCTF01bqnFss


4. Which physical quantity is the same for X-rays of wavelength

 m, red light of wavelength 6800 Å and radio waves of

wavelength 500 m?

Watch Video Solution

10− 10

5. A plane electromagnetic wave travels in vacuum along z-

direction. What can you say about the directions of its electric

and magnetic �eld vectors? If the frequency of the wave is 30

MHz, what is its wavelength?

Watch Video Solution

6. A charged particle oscillates about its mean equilibrium

position with a frequency of  Hz. What is the frequency of the

electromagnetic waves produced by the oscillator?

109

https://dl.doubtnut.com/l/_GCTF01bqnFss
https://dl.doubtnut.com/l/_KW6YugiFXCC4
https://dl.doubtnut.com/l/_vY2fIfuj1ZNf


Watch Video Solution

7. In a plane electromagnetic wave, the electric �eld oscillates

sinusoidally at a frequency of  Hz and amplitude 48 V. 

.  

What is the wavelength of the wave?

Watch Video Solution

2.0 × 1010

m− 1

8. In a plane electromagnetic wave, the electric �eld oscillates

sinusoidally at a frequency of  Hz and amplitude 48 V. 

.  

What is the amplitude of the oscillating magnetic �eld?

Watch Video Solution

2.0 × 1010

m− 1

https://dl.doubtnut.com/l/_vY2fIfuj1ZNf
https://dl.doubtnut.com/l/_CraUeuilvDCH
https://dl.doubtnut.com/l/_u7refTL3Lx7h


9. In a plane electromagnetic wave, the electric �eld oscillates

sinusoidally at a frequency of  Hz and amplitude 48 V. 

.  

Show that the average energy density of the electric �eld equals

the average energy density of the magnetic �eld.

Watch Video Solution

2.0 × 1010

m− 1

[c = 3 × 108m. s− 1]

10. Suppose that the electric �eld part of an electromagnetic

wave in vacuum is 

What is the direction of propagation?

Watch Video Solution

→
E = [(3.1N. C − 1)cos{1.8rad. m− 1)y + (5.4 × 106rad. s− 1)t}] î

https://dl.doubtnut.com/l/_FMac9rUvbhAL
https://dl.doubtnut.com/l/_YOKyOYSyCbWl
https://dl.doubtnut.com/l/_c62uZG6nUBdB


11. Suppose that the electric �eld part of an electromagnetic

wave in vacuum is 

What is the wavelength,  ?

Watch Video Solution

→
E = [(3.1N. C − 1)cos{1.8rad. m− 1)y + (5.4 × 106rad. s− 1)t}] î

λ

12. Suppose that the electric �eld part of an electromagnetic

wave in vacuum is 

What is the frequency, f?

Watch Video Solution

→
E = [(3.1N. C − 1)cos{1.8rad. m− 1)y + (5.4 × 106rad. s− 1)t}] î

13. Suppose that the electric �eld part of an electromagnetic

wave in vacuum is 

https://dl.doubtnut.com/l/_c62uZG6nUBdB
https://dl.doubtnut.com/l/_p7p9rPwuQvJA
https://dl.doubtnut.com/l/_LpVEkdmwT3r2


What is the amplitude of the magnetic �eld part of the wave?

Watch Video Solution

→
E = [(3.1N. C − 1)cos{1.8rad. m− 1)y + (5.4 × 106rad. s− 1)t}] î

14. Suppose that the electric �eld part of an electromagnetic

wave in vacuum is 

Write an expression for the magnetic �eld part of the wave.

Watch Video Solution

→
E = [(3.1N. C − 1)cos{1.8rad. m− 1)y + (5.4 × 106rad. s− 1)t}] î

15. Given below are some famous numbers associated with

electromagnetic radiations in di�erent contexts in physics. State

the part of the electromagnetic spectrum to which each belongs.

https://dl.doubtnut.com/l/_LpVEkdmwT3r2
https://dl.doubtnut.com/l/_W95Fh65dNhTA
https://dl.doubtnut.com/l/_g1tTvlirvCDl


21 cm (wavelength emitted by atomic hydrogen in interstellar

space)

Watch Video Solution

16. Given below are some famous numbers associated with

electromagnetic radiations in di�erent contexts in physics. State

the part of the electromagnetic spectrum to which each belongs.

1057 MHz (frequency of radiation arising from two close energy

levels in hydrogen, known as Lamb shift)

Watch Video Solution

17. Given below are some famous numbers associated with

electromagnetic radiations in di�erent contexts in physics. State

https://dl.doubtnut.com/l/_g1tTvlirvCDl
https://dl.doubtnut.com/l/_S0NcOfgRQPU7
https://dl.doubtnut.com/l/_Sy3wWEky2TD0


the part of the electromagnetic spectrum to which each belongs.

5890 Å-5896 Å (double lines of sodium)

Watch Video Solution

18. Given below are some famous numbers associated with

electromagnetic radiations in di�erent contexts in physics. State

the part of the electromagnetic spectrum to which each belongs.

14.4 keV [energy of a particular transition in  nucleus

associated with a famous high resolution spectroscopic method

(Mossbauer spectroscopy)]

Watch Video Solution

.57 Fe

19. Why long distance radio broadcasts use short wave bands?

Watch Video Solution

https://dl.doubtnut.com/l/_Sy3wWEky2TD0
https://dl.doubtnut.com/l/_k8rs2hWtMfUC
https://dl.doubtnut.com/l/_rFugI9BqtfTc


20. Why use of satellites is necessary for long distance TV

transmission?

Watch Video Solution

21. Optical and radio telescopes are built on ground but X-rays

astronomy is possible only from satellites orbiting the earth.

Why?

Watch Video Solution

22. The small ozone layer on top of the stratosphere is crucial for

human survival. Why?

Watch Video Solution

https://dl.doubtnut.com/l/_rFugI9BqtfTc
https://dl.doubtnut.com/l/_zvo1zMlZ70qc
https://dl.doubtnut.com/l/_AIvrWjLQzLlA
https://dl.doubtnut.com/l/_AqmsyyJ2pl52


Ncert Exemplar Questions

23. If the earth did not have an atmosphere, would its average

surface temperature be higher or lower than what it is now?

Watch Video Solution

1. One requires 11 eV of energy to dissociate a carbon monoxide

molecule into carbon and oxygen atoms. The minimum frequency

of the appropriate electromagnetic radiation to achieve the

dissociation lies in

A. visible region

B. infrared region

C. ultraviolet region

https://dl.doubtnut.com/l/_jFPWTZQO3N2l
https://dl.doubtnut.com/l/_fo0s8Efg6kDe


D. microwave region

Answer:

Watch Video Solution

2. A linearly polarized electromagnetic wave given by

 is incident normally on a perfectly

re�ecting in�nite wall at z = a. Assuming that the material of the

wall is optically inactive, the re�ected wave will be given as

A. 

B. 

C. 

D. 

Answer:

→
E = E0 î cos(kz − ωt)

→
E r = − E0 î cos(kz − ωt)

→
E r = E0 î cos(kz + ωt)

→
E r = − E0 î cos(kz + ωt)

→
E r = E0 î sin(kz − ωt)

https://dl.doubtnut.com/l/_fo0s8Efg6kDe
https://dl.doubtnut.com/l/_BJDE7vmFGYbx


Watch Video Solution

3. An EM wave radiates outward from a dipole antenna, with 

as the amplitude of its electric �eld vector. The electric �eld 

which transports signi�cant energy from the source falls o� as

A. 

B. 

C. 

D. remains constant

Answer: C

Watch Video Solution

E0

E0

1

r3

1

r2

1

r

https://dl.doubtnut.com/l/_BJDE7vmFGYbx
https://dl.doubtnut.com/l/_T6W0VUusFFsF


4. The ratio of contributions made by the electric �eld and

magnetic �eld components to the intensity of an EM wave is

A. 

B. 

C. 

D. 

Answer: C

Watch Video Solution

c : 1

c2 : 1

1: 1

√c : 1

5. A plane electromagnetic wave propagating along x-direction

can have the following pairs of  and 

A. 

→
E

→
B

Ex, By

https://dl.doubtnut.com/l/_O19srkSdTuVn
https://dl.doubtnut.com/l/_CGrNVH2mlWSs


B. 

C. 

D. 

Answer: B::D

Watch Video Solution

Ey, Bz

Bx, Ey

Ez, By

6. A charged particle oscillates about its mean equilibrium

position with a frequency of  Hz. The electromagnetic wave

produced -

(A) Will have frequency of  Hz. 

(B) Will have frequency of  Hz. 

(C) Will have a wavelength of 0.3 m.

(D) Fall in the region of radio waves.

109

109

2 × 109

https://dl.doubtnut.com/l/_CGrNVH2mlWSs
https://dl.doubtnut.com/l/_w439HS0AJcJh


A. will have frequency of  Hz

B. will have frequency of  Hz

C. will have a wavelength of 0.3 m

D. fall in the region of radio waves

Answer: A::C::D

Watch Video Solution

109

2 × 109

7. The source of electromagnetic waves can be a charge -

(A) Moving with a constant velocity.

(B) Moving in a circular orbit.

(C) At rest.

(D) Falling in an electric �eld.

https://dl.doubtnut.com/l/_w439HS0AJcJh
https://dl.doubtnut.com/l/_wr4vP7jcT4fT


Exercise Mcq

A. moving with a constant velocity

B. moving in a circular orbit

C. at rest

D. falling in an electric �eld

Answer: B::D

Watch Video Solution

1.  and  are the magnetic permeability and the electric

permittivity, respectively, of free space.  is the electric �ux across

any Gaussian surface. Then the displacement current is de�ned

as

μ0 ∈0

ϕ

https://dl.doubtnut.com/l/_wr4vP7jcT4fT
https://dl.doubtnut.com/l/_PuUfHB5A8p6T


A. 

B. 

C. 

D. 

Answer: B

View Text Solution

dϕ

dt

∈0
dϕ

dt

μ0
dϕ

dt

μ0 ∈0
dϕ

dt

2. Electric �ux enclosed by a surface  is given by -

   

  

  

 

A

(A) ∈0 ∫
→
E . d

→
A

(B) ∫
→
E . d

→
A

1

∈0

(C) ∈0 μ0∫
→
E . d

→
A

(D) ∫
→
E . d

→
A

https://dl.doubtnut.com/l/_PuUfHB5A8p6T
https://dl.doubtnut.com/l/_lG9MkGa5AVth


A. 

B. 

C. 

D. 

Answer: B

Watch Video Solution

∈0 ∫
→
E . d

→
A

∫
→
E . d

→
A

1

∈0

∈0 μ0∫
→
E . d

→
A

∫
→
E . d

→
A

3. Electromagnetic waves are produced by -

(A) A static charge.

(B) A uniformly moving charge.

(C) An accelerated charge.

(D) Neutral particles.

https://dl.doubtnut.com/l/_lG9MkGa5AVth
https://dl.doubtnut.com/l/_lVHo6pFuIvRm


A. a static charge

B. a uniformly moving charge

C. An accelerated charge

D. neutral particles

Answer: C

Watch Video Solution

4. Of the following frequencies, which one may be the frequency

of a radio wave?

A.  Hz

B.  Hz

C.  Hz

D.  Hz

102

108

1014

1020

https://dl.doubtnut.com/l/_lVHo6pFuIvRm
https://dl.doubtnut.com/l/_hlKeJlEakRFs


Answer: B

Watch Video Solution

5. Of the following frequencies, which one may be the frequency

of X-rays?

A.  Hz

B.  Hz

C.  Hz

D.  Hz

Answer: D

Watch Video Solution

102

108

1014

1020

https://dl.doubtnut.com/l/_hlKeJlEakRFs
https://dl.doubtnut.com/l/_hF1oQ6ZcOGxx


6. Of the following frequencies, which one may be the frequency

of an infrared wave?

A.  Hz

B.  Hz

C.  Hz

D.  Hz

Answer: C

Watch Video Solution

102

108

1014

1020

7. Wavelengths of microwave, ultraviolet and infrared rays are

 and  , respectively. Which one of the following is

correct?

λm, λn λi

https://dl.doubtnut.com/l/_RnQneD1IzxEj
https://dl.doubtnut.com/l/_JyMxr1zqI6YS


A. 

B. 

C. 

D. 

Answer: D

Watch Video Solution

λm > λn > λi

λi > λn > λm

λn > λi > λm

λm > λi > λn

8. Which one of the following is not an electromagnetic wave?

A. cosmic ray

B.  -rays

C. -rays

D. X-ray

γ

β

https://dl.doubtnut.com/l/_JyMxr1zqI6YS
https://dl.doubtnut.com/l/_aBcfQ2C9xZXB


Answer: C

Watch Video Solution

9. Which of the following has the shortest wavelength?

A. microwaves

B. ultraviolet rays

C. X-rays

D. infrared rays

Answer: C

Watch Video Solution

https://dl.doubtnut.com/l/_aBcfQ2C9xZXB
https://dl.doubtnut.com/l/_9MoCDYhR66eO


10. Frequency orders of -rays, X-rays, UV rays are a, b and c

respectively. Which of the following is correct?

A. a gt b, b lt c

B. agtb , bgtc

C. altb , bgtc

D. a = b = c

Answer: B

Watch Video Solution

γ

11. The decreasing order of wavelength of infrared, micro- wave,

ultraviolet and gamma rays is

A. microwave, infrared, ultraviolet, gamma rays

https://dl.doubtnut.com/l/_faxhSjTBXjns
https://dl.doubtnut.com/l/_dHCu5zXjlNYQ


B. gamma rays, ultraviolet, infrared, microwaves

C. microwaves, gamma rays, infrared, ultraviolet

D. infrared, microwave, ultraviolet, gamma rays

Answer: A

Watch Video Solution

12. Electromagnetic wave is a kind of -

(A) Matter wave

(B) Stationary wave

(C) Longitudinal wave

(D) Progressive wave

A. matter wave

https://dl.doubtnut.com/l/_dHCu5zXjlNYQ
https://dl.doubtnut.com/l/_0XkODScS6Rq7


B. stationary wave

C. longitudinal wave

D. progressive wave

Answer: D

Watch Video Solution

13. Which phenomenon proves that electromagnetic waves are

transverse waves?

A. polarisation

B. interference

C. re�ection

D. di�raction

https://dl.doubtnut.com/l/_0XkODScS6Rq7
https://dl.doubtnut.com/l/_x2iDNHjL4ZcS


Answer: A

Watch Video Solution

14. The ratio between the amplitudes of electric and magnetic

�elds at any point on a progressive electromagnetic wave in free

space is equal to

A. 

B. 

C. 

D. 

Answer: B

Watch Video Solution

1

μ0 ∈0

1

√μ0 ∈0

√μ0 ∈0

μ0 ∈0

https://dl.doubtnut.com/l/_x2iDNHjL4ZcS
https://dl.doubtnut.com/l/_zOKtSBLee3Dj
https://dl.doubtnut.com/l/_x9qx02XnaKRr


15. In a plane electromagnetic wave, the electric �eld (E) having

amplitude of 48 . V  oscillates at a frequency of 

Hz. The amplitude of the oscillating magnetic �eld (B) is

A. T

B.  T

C.  T

D.  T

Answer: D

Watch Video Solution

m− 1 2.0 × 1010

3.2 × 10− 8

3 × 107

16 × 10− 7

1.6 × 10− 7

16. The electric and the magnetic �eld associated with an em

wave propagating along the +z-axis can be represented by

https://dl.doubtnut.com/l/_x9qx02XnaKRr
https://dl.doubtnut.com/l/_i24x5fkUJLIu


A. 

B. 

C. 

D. 

Answer: A

Watch Video Solution

[
→
E = E0 î,

→
B = B0 ĵ]

[
→
E = E0k̂,

→
B = B0 î]

[
→
E = E0 ĵ,

→
B = B0 î]

[
→
E = E0 ĵ,

→
B = B0k̂]

17. An electromagnetic wave in vacuum has the electric and

magnetic �elds  and , which are always perpendicular to

each other. The direction of polarization is given by  and that

of wave propagation by . Then

A.  and 

B.  and 

→
E

→
B

→
X

→
k

→
X ∣ ∣

→
E

→
k ∣ ∣

→
E ×

→
B

→
X ∣ ∣

→
B

→
k ∣ ∣

→
E ×

→
B

https://dl.doubtnut.com/l/_i24x5fkUJLIu
https://dl.doubtnut.com/l/_foYfnrfHfay5


C.  and 

D.  and 

Answer: A

Watch Video Solution

→
X ∣ ∣

→
E

→
k ∣ ∣

→
B ×

→
E

→
X ∣ ∣

→
B

→
k ∣ ∣

→
B ×

→
E

18. The electric �eld associated with an em wave in vacuum is

given by , where E, z and t are in V.

. meter and seconds respectively. The value of wave vector k

is

A. 

B. 

C. 

D. 

→
E = 40 cos(kz − 6 × 108t) î

m− 1

2m− 1

0.5m− 1

6m− 1

3m− 1

https://dl.doubtnut.com/l/_foYfnrfHfay5
https://dl.doubtnut.com/l/_75uFbJRnk0HT


Exercise Very Short Answer

Answer: A

Watch Video Solution

1. The current which comes into play in a region where the

electric �ux is changing with time is called_______.

View Text Solution

2. Write down the mathematical form of Ampere-Maxwell's law.

View Text Solution

https://dl.doubtnut.com/l/_75uFbJRnk0HT
https://dl.doubtnut.com/l/_suph3S7Yd8N8
https://dl.doubtnut.com/l/_X9R63sduHtmv


3. Wavelengths of visible light, X-rays and infrared rays are 

and  , respectively. Arrange them in ascending order of their

magnitudes.

Watch Video Solution

λ1, λ2

λ3

4. Of X-rays, -rays and ultraviolet rays, which one has the

maximum frequency?

Watch Video Solution

γ

5. Which part of the electromagnetic spectrum has the largest

penetrating power?

Watch Video Solution

https://dl.doubtnut.com/l/_WhbRKqkjuo9u
https://dl.doubtnut.com/l/_itqXylWBtXIg
https://dl.doubtnut.com/l/_nmz3vkkXw6Hq
https://dl.doubtnut.com/l/_RiugZGeVjJJ5


6. Name the electromagnetic waves that have frequencies

greater than those of ultraviolet light but less than those of

gamma rays.

Watch Video Solution

7. Find the wavelength, in angstrom unit, of electromagnetic

waves of frequency  Hz in free space.

Watch Video Solution

5 × 1019

8. An electromagnetic wave is propagating along positive z-axis.

At any moment, if the direction of the magnetic �eld at a point

be along positive x-axis, what will be the direction of the electric

�eld at that point?

Watch Video Solution

https://dl.doubtnut.com/l/_RiugZGeVjJJ5
https://dl.doubtnut.com/l/_ZoHjBgH4R7iT
https://dl.doubtnut.com/l/_lxvEAmXxTJ85


9. What is the velocity of a radio wave in vacuum?

Watch Video Solution

10. Light is a progressive wave of______ and ______ �elds.

Watch Video Solution

11. Electromagnetic wave is a ____________ progressive wave.

Watch Video Solution

12. Write down the relation among velocity of electromagnetic

waves, magnetic permeability of vacuum and electric permittivity

https://dl.doubtnut.com/l/_lxvEAmXxTJ85
https://dl.doubtnut.com/l/_L570rgVzjjNg
https://dl.doubtnut.com/l/_OOLEJkPNtd9D
https://dl.doubtnut.com/l/_Yf9xFONCvcIG
https://dl.doubtnut.com/l/_iMquwOKVBp8H


of vacuum.

Watch Video Solution

13. Which physical quantity is expressed by the ratio of the

amplitudes of electric and magnetic �elds for an electro

magnetic wave.

Watch Video Solution

14. What is the ratio of velocities of light rays of wavelengths

4000 Å and 8000 Å in vacuum?

Watch Video Solution

https://dl.doubtnut.com/l/_iMquwOKVBp8H
https://dl.doubtnut.com/l/_uD7DLqJrO5NZ
https://dl.doubtnut.com/l/_ACCzM1japlJ2


Exercise Short Answer Type Question I

15. What is the ratio of speeds of infrared rays and ultraviolet

rays in vacuum?

Watch Video Solution

16. Which physical quantity, if any, has the same value waves

belonging to the di�erent parts of the electromagnetic

spectrum?

Watch Video Solution

1. Why did Maxwell have to modify Ampere's circuital law?

Watch Video Solution

https://dl.doubtnut.com/l/_xzShN1sWGhQG
https://dl.doubtnut.com/l/_nMV5Yx9Sc69T
https://dl.doubtnut.com/l/_rWHEMh0uaB3J


Exercise Short Answer Type Question Ii

2. How is the velocity of an electromagnetic wave in a medium

related with the electric and the magnetic properties of that

medium?

Watch Video Solution

3. Write down one similarity and one dissimilarity between visible

light and radio wave.

Watch Video Solution

1. Electromagnetic waves propagate through free space or a

medium as transverse waves. The electric and magnetic �elds are

https://dl.doubtnut.com/l/_rWHEMh0uaB3J
https://dl.doubtnut.com/l/_cJxn9AWrCCyH
https://dl.doubtnut.com/l/_g4imfDz6Cdli
https://dl.doubtnut.com/l/_yqJEQhNjScio


perpendicular to each other as well as perpendicular to the

direction of propagation of waves at each point. In the direction

of wave propagation, electric �eld  and magnetic �eld  form

a right-handed cartesian coordinate system. During the

propagation of electromagnetic wave, total energy of

electromagnetic wave is distributed equally between electric and

magnetic �elds. Since  and  are permittivity and

permeability of free space, the velocity of electromagnetic wave,

. Energy density i.e., energy in unit volume due

to electric �eld at any point,  Similarly, energy

density due to magnetic �eld , . If the

electromagnetic wave propagates along x-direction, then the

equations of electric and magnetic �eld are respectively. 

 and   

Here, the frequency and the wavelength of oscillating electric

and magnetic �elds are  and  respectively. Thus 

 and , where . Therefore,

→
E

→
B

∈0 μ0

c = ( ∈0 μ0) − 1 / 2

uE = ∈0 E21

2

uM = B21

2μ0

E = E0 sin(ωt − kx) B = B0 sin(ωt − kx)

f =
ω

2π
λ =

2π

k

Erms =
E0

√2
Brms =

B0

√2
= c

E0

B0

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


Exercise Problem Set I

average energy density  and .

The intensity of the electromagnetic wave at a point,

.  

To answer the following questions , we assume that in case of

propagation of electromagnetic wave through free space,

 and   

If the peak value of electric �eld at a point in electromagnetic

wave is 15 V . , then average electrical energy density (in j . 

)

Watch Video Solution

ūE = ∈0 E2
rms

1

2
ūM = B2

rms
1

2μ0

I = cū = c(ūE + ūB)

c = 3 × 108m. s− 1 μ0 = 4π × 10− 7H. m− 1

m− 1

m− 3

1. The area of each plate of a parallel plate air capacitor is

 and the separation between the plates is 4 mm. During

charging of the capacitor, the electric �eld inside the gap

113cm2

https://dl.doubtnut.com/l/_yqJEQhNjScio
https://dl.doubtnut.com/l/_2xsBeuKZgwHl


changes almost uniformly from  to 6 mV .  in 

 second. Find out the displacement current at that instant.

Given, 

Watch Video Solution

5mV . m− 1 m− 1

10− 10

∈0 = 8.854 × 10− 12F . m− 1

2. The wavelength of a microwave and that of an ultrasonic wave

are equal. What is the ratio of their frequencies?

Watch Video Solution

3. A radio-station broadcasts Bibidha Bharati with radio waves of

wavelength 219 m. What will be its frequency in MHz?

Watch Video Solution

https://dl.doubtnut.com/l/_2xsBeuKZgwHl
https://dl.doubtnut.com/l/_UxYFP8WUuKRK
https://dl.doubtnut.com/l/_Hys4sasvu1TQ


4. The permittivity and the permeability of vacuum area

  

and  . What is the velocity of an

electromagnetic wave?

Watch Video Solution

∈0 = 8.85 × 10− 12C 2. N − 1. m− 2

μ0 = 4π × 10− 7N. s2. C − 2

5. The peak value of the electric �eld of a plane radio wave is

 .What is the peak value of the magnetic �eld?

Watch Video Solution

10− 4V . m− 1

6. In an electromagnetic wave, the electric �eld is

 . Calculate the intensity of

that wave. Given 

W t h Vid S l ti

E = 5 sin(1012t − )V . m− 1x

3 × 103

μ0 = 4π × 10− 7H. m− 1

https://dl.doubtnut.com/l/_pGUtcMwQunTk
https://dl.doubtnut.com/l/_v2SHy4GSBNpY
https://dl.doubtnut.com/l/_smMIvCO4AxLF


Exercise Problem Set Ii

Watch Video Solution

1. How would you establish an instantaneous displacement

current of 5.0 A in the space between the two parallel plates of 1

F capacitor?

Watch Video Solution

μ

2. A parallel plate capacitor of separation 2 mm is connected in

an electric circuit having source voltage 400 V. If the plate area is

 , then �nd out the value of displacement current for 

s.

Watch Video Solution

60cm2 10− 6

https://dl.doubtnut.com/l/_smMIvCO4AxLF
https://dl.doubtnut.com/l/_q7OkBugr5Ynp
https://dl.doubtnut.com/l/_2q0rvfO8mesJ
https://dl.doubtnut.com/l/_DAJoYOwQiiHf


3. Obtain the temperature ranges for ultraviolet part of radiation

of electromagnetic waves. Use the formula,

.K. Take frequency ranges for ultra violet part of radiation is

 Hz to  Hz

Watch Video Solution

λmT = 2.9 × 10− 3m

8 × 1014 5 × 1017

4. Calculate the wavelengths in vacuum for (a) blue light (

 Hz) and (b) Orange light (  Hz).

Watch Video Solution

f = 6.34 × 1014 f = 4.95 × 1014

5. Average intensity of the solar energy incident on the earth's

surface is  . Calculate the rms values of electric and

magnetic �elds due to this radiation near the earth's surface.

(Given )

1300W . m− 2

μ0 = 4π × 10− 7H. m− 1

https://dl.doubtnut.com/l/_DAJoYOwQiiHf
https://dl.doubtnut.com/l/_fFzCHRmH7nwf
https://dl.doubtnut.com/l/_Vc71WhPDOCo2


Watch Video Solution

6. Average distance of the sun from the earth is  km and

the average intensity of sunlight incident on the earth's surface

is 1300 W . . Calculate the energy radiated per second from

the surface of the sun.

Watch Video Solution

1.5 × 108

m− 2

7. The equation of the electric �eld associated with an

electromagnetic wave is

 . What is the (i)

frequency, (ii) wavelength of this wave? Establish the equation of

the associated magnetic �eld.

Watch Video Solution

E = 0.001 sin(1014t − × 10− 8x)V . m− 11

3

https://dl.doubtnut.com/l/_Vc71WhPDOCo2
https://dl.doubtnut.com/l/_mFqPX5BYrpsH
https://dl.doubtnut.com/l/_6FDh5Ca1rQHj


Exercise Hots Numberical Problems

8. The intensity of an electromagnetic �eld at a point is

. Find out the electric �eld amplitude and the

energy density at that point. Given 

Watch Video Solution

0.006W . m− 2

μ0 = 4π × 10− 7H. m− 1

1. A parallel plate capacitor is made out of two rectangular metal

plates of sides 30 cm x 15 cm separated by a distance of 2 mm.

The capacitor is charged in such a way that the charging current

has a constant value of 100 mA. What must be the rate of change

of potential of the charging source and what will be the

displacement current in the region between the capacitor

plates?

Watch Video Solution

https://dl.doubtnut.com/l/_dpvjGuMc7Pdn
https://dl.doubtnut.com/l/_akbm1m1Gfm28


2. A plane electromagnetic wave propagating along the x-

direction has a wavelength of 6 mm. The electric �eld is along the

y-direction and its maximum magnitude is . Write

down the equations for the electric and magnetic �elds as a

function of x and t.

Watch Video Solution

33V . m− 1

3. In a plane electromagnetic wave, the electric �eld sinusoidally

oscillates at a frequency  Hz and amplitude 45 V . .  

(i) What is the wavelength of the wave? 

(ii) What is the amplitude of the oscillating magnetic �eld? 

(iii) Find out the relation between average energy density of the

electric �eld  and the average energy density of the

magnetic �eld 

2 × 1010 m− 1

→
E (uE)

→
B (uB)

https://dl.doubtnut.com/l/_akbm1m1Gfm28
https://dl.doubtnut.com/l/_aQ12CIRP2uVk
https://dl.doubtnut.com/l/_MG7A5onJLFxf


Entrance Corner Assertion Reason

Watch Video Solution

1. Statement I: The electric �eld  and the magnetic �eld  are

mutually perpendicular at a point in the electromagnetic wave. 

Statement II: Electromagnetic waves are transverse waves.

A. Statement I is true, statement II is true, statement II is a

correct explanation for statement I.

B. Statement I is true, statement II is true, statement II is not

a correct explanation for statement I.

C. Statement I is true, statement II is false.

D. Statement I is false, statement II is true.

→
E

→
B

https://dl.doubtnut.com/l/_MG7A5onJLFxf
https://dl.doubtnut.com/l/_DO7rh5IED4ok


Answer: B

Watch Video Solution

2. Statement I: Electromagnetic waves are transverse waves. 

Statement II: Electromagnetic waves have the property of

polarization.

A. Statement I is true, statement II is true, statement II is a

correct explanation for statement I.

B. Statement I is true, statement II is true, statement II is not

a correct explanation for statement I.

C. Statement I is true, statement II is false.

D. Statement I is false, statement II is true.

Answer: A

https://dl.doubtnut.com/l/_DO7rh5IED4ok
https://dl.doubtnut.com/l/_X4mJz9POq3KF


Watch Video Solution

3. Statement I: The ratio of the amplitudes of electric and

magnetic �elds at a point in the electromagnetic wave is same as

the velocity of wave. 

Statement II: If in a medium,  and  are the magnetic

permeability and the electric permittivity respectively, then

 is the velocity of electromagnetic wave in that medium.

A. Statement I is true, statement II is true, statement II is a

correct explanation for statement I.

B. Statement I is true, statement II is true, statement II is not

a correct explanation for statement I.

C. Statement I is true, statement II is false.

D. Statement I is false, statement II is true.

μ ∈

1/√μ ∈

https://dl.doubtnut.com/l/_X4mJz9POq3KF
https://dl.doubtnut.com/l/_6uRc0hE4EQAx


Answer: D

Watch Video Solution

4. Statement I: During the propagation of visible light and X-rays

as electromagnetic waves, X-rays carry more energy than visible

light despite both of them have same amplitudes of electric

�elds at a point. 

Statement II: The frequency of X-rays is much higher than that of

visible light.

(A) Statement I is true, statement II is true, statement II is a

correct explanation for statement I.

(B) Statement I is true, statement II is true, statement II is not a

correct explanation for statement I.

https://dl.doubtnut.com/l/_6uRc0hE4EQAx
https://dl.doubtnut.com/l/_RxedTRDiePfa


(C) Statement I is true, statement II is false.

(D) Statement I is false, statement II is true.

A. Statement I is true, statement II is true, statement II is a

correct explanation for statement I.

B. Statement I is true, statement II is true, statement II is not

a correct explanation for statement I.

C. Statement I is true, statement II is false.

D. Statement I is false, statement II is true.

Answer: D

Watch Video Solution

5. Statement 1: During the propagation of electromagnetic wave

along z-axis, if the electric �eld  at a point is along x-axis, then
→
E

https://dl.doubtnut.com/l/_RxedTRDiePfa
https://dl.doubtnut.com/l/_RWaN84JCVGm7


Entrance Corner Mcq

the magnetic �eld  at that point will be along y-axis. 

Statement II: In the direction of propagation of electromagnetic

wave, the electric �eld  and the magnetic �eld  both form a

right-handed cartesian coordinate system

A. Statement I is true, statement II is true, statement II is a

correct explanation for statement I.

B. Statement I is true, statement II is true, statement II is not

a correct explanation for statement I.

C. Statement I is true, statement II is false.

D. Statement I is false, statement II is true.

Answer: C

Watch Video Solution

→
B

→
E

→
B

https://dl.doubtnut.com/l/_RWaN84JCVGm7


1. Electromagnetic waves -

(A) Can show interference

(B) Can be polarised

(C) Are de�ected by electric �eld

(D) Are de�ected by magnetic �eld

A. can show interference

B. can be polarised

C. are de�ected by electric �eld

D. are de�ected by magnetic �eld

Answer: A::B

Watch Video Solution

https://dl.doubtnut.com/l/_I6CvMzDafNFm
https://dl.doubtnut.com/l/_Jn0HUy6lrWS5


2. During the propagation of electromagnetic wave in vacuum,

the electric �eld  and the magnetic �eld  at each point - 

(A) Are mutually perpendicular.

(B) Are in same phase.

(C) Carry equal amount of energy by dividing average energy of

the wave between them.

(D) The ratio of amplitude of these �elds is equal to the speed of

light.

A. are mutually perpendicular

B. are in same phase

C. carry equal amount of energy by dividing average energy of

the wave between them

D. the ratio of amplitude of these �elds is equal to the speed

of light

→
E

→
B

https://dl.doubtnut.com/l/_Jn0HUy6lrWS5


Answer: A::C

Watch Video Solution

3. When the electromagnetic wave enters into a medium from

free space,

(A) Velocity of the wave decreases

(B) Frequency of the wave decreases

(C) Wavelength of the wave decreases

(D) Frequency increase and wavelength decreases

A. velocity of the wave decreases

B. frequency of the wave decreases

C. Wavelength of the wave decreases

D. frequency increase and wavelength decreases

https://dl.doubtnut.com/l/_Jn0HUy6lrWS5
https://dl.doubtnut.com/l/_UxrkzG4dOROU


Answer: A, C

Watch Video Solution

4. c and v are the velocities of an electromagnetic wave in free

space of permittivity  and permeability  and in a medium

of permittivity  and  permeability respectively. If the

refractive index of the medium is n, then which of the following

relations are correct?

A. 

B. 

C. 

D. 

Answer: A::B::D

∈0 μ0

∈ μ

c =
1

√μ0 ∈0

v =
1

√μ ∈

n =
v

c

n = √
μ ∈

μ0 ∈0

https://dl.doubtnut.com/l/_UxrkzG4dOROU
https://dl.doubtnut.com/l/_JwT5XScLWhQI


Watch Video Solution

5. On the surface of earth, average intensity of sunlight 1300 W .

. If electric permittivity of free space or air is 

 ,Find the amplitude of magnetic �eld.

A. average amplitude of the electric �eld in the earth surface

is almost 990 V . 

B. average amplitude of the magnetic �eld in the earth

surface is almost 

C. average energy density of sunlight in the earth surface is

almost 

D. in case of normal incidence, the polarisation surface is

parallel to the earth surface

m− 2

8.845 × 10− 12F . m− 1

m− 1

3.3 × 10− 8Wb. m− 2

4.33 × 10− 6J. m− 3

https://dl.doubtnut.com/l/_JwT5XScLWhQI
https://dl.doubtnut.com/l/_ZsaFOKjerLVS


Entrance Corner Comprehension

Answer: A::B::D

Watch Video Solution

1. Electromagnetic waves propagate through free space or a

medium as transverse waves. The electric and magnetic �elds are

perpendicular to each other as well as perpendicular to the

direction of propagation of waves at each point. In the direction

of wave propagation, electric �eld  and magnetic �eld  form

a right-handed cartesian coordinate system. During the

propagation of electromagnetic wave, total energy of

electromagnetic wave is distributed equally between electric and

magnetic �elds. Since  and  are permittivity and

permeability of free space, the velocity of electromagnetic wave,

→
E

→
B

∈0 μ0

https://dl.doubtnut.com/l/_ZsaFOKjerLVS
https://dl.doubtnut.com/l/_94IfZi4GoLkN


. Energy density i.e., energy in unit volume due

to electric �eld at any point,  Similarly, energy

density due to magnetic �eld , . If the

electromagnetic wave propagates along x-direction, then the

equations of electric and magnetic �eld are respectively. 

 and   

Here, the frequency and the wavelength of oscillating electric

and magnetic �elds are  and  respectively. Thus 

 and , where . Therefore,

average energy density  and .

The intensity of the electromagnetic wave at a point,

.  

To answer the following questions , we assume that in case of

propagation of electromagnetic wave through free space,

 and   

If the electromagnetic wave propagates along x-axis, then the

electric �eld  will be

c = ( ∈0 μ0) − 1 / 2

uE = ∈0 E21

2

uM = B21

2μ0

E = E0 sin(ωt − kx) B = B0 sin(ωt − kx)

f =
ω

2π
λ =

2π

k

Erms =
E0

√2
Brms =

B0

√2
= c

E0

B0

ūE = ∈0 E2
rms

1
2

ūM = B2
rms

1

2μ0

I = cū = c(ūE + ūB)

c = 3 × 108m. s− 1 μ0 = 4π × 10− 7H. m− 1

→
E

https://dl.doubtnut.com/l/_94IfZi4GoLkN


A. along y-axis

B. along z-axis

C. on xy-plane

D. on yz-plane

Answer: D

View Text Solution

2. Electromagnetic waves propagate through free space or a

medium as transverse waves. The electric and magnetic �elds are

perpendicular to each other as well as perpendicular to the

direction of propagation of waves at each point. In the direction

of wave propagation, electric �eld  and magnetic �eld  form

a right-handed cartesian coordinate system. During the

propagation of electromagnetic wave, total energy of

→
E

→
B

https://dl.doubtnut.com/l/_94IfZi4GoLkN
https://dl.doubtnut.com/l/_5CtrOJHct4vU


electromagnetic wave is distributed equally between electric and

magnetic �elds. Since  and  are permittivity and

permeability of free space, the velocity of electromagnetic wave,

. Energy density i.e., energy in unit volume due

to electric �eld at any point,  Similarly, energy

density due to magnetic �eld , . If the

electromagnetic wave propagates along x-direction, then the

equations of electric and magnetic �eld are respectively. 

 and   

Here, the frequency and the wavelength of oscillating electric

and magnetic �elds are  and  respectively. Thus 

 and , where . Therefore,

average energy density  and .

The intensity of the electromagnetic wave at a point,

.  

To answer the following questions , we assume that in case of

propagation of electromagnetic wave through free space,

∈0 μ0

c = ( ∈0 μ0) − 1 / 2

uE = ∈0 E21

2

uM = B21

2μ0

E = E0 sin(ωt − kx) B = B0 sin(ωt − kx)

f =
ω

2π
λ =

2π

k

Erms =
E0

√2
Brms =

B0

√2
= c

E0

B0

ūE = ∈0 E2
rms

1
2

ūM = B2
rms

1

2μ0

I = cū = c(ūE + ūB)

https://dl.doubtnut.com/l/_5CtrOJHct4vU


 and   

If the peak value of electric �eld at a point in electromagnetic

wave is 15 V . , then average electrical energy density (in j . 

)

A. 

B. 

C. 

D. 

Answer: C

Watch Video Solution

c = 3 × 108m. s− 1 μ0 = 4π × 10− 7H. m− 1

m− 1

m− 3

4.48 × 10− 9

9.95 × 10− 9

4.98 × 10− 10

9.95 × 10− 10

3. Electromagnetic waves propagate through free space or a

medium as transverse waves. The electric and magnetic �elds are

perpendicular to each other as well as perpendicular to the

https://dl.doubtnut.com/l/_5CtrOJHct4vU
https://dl.doubtnut.com/l/_KNh9qR8sWpPx


direction of propagation of waves at each point. In the direction

of wave propagation, electric �eld  and magnetic �eld  form

a right-handed cartesian coordinate system. During the

propagation of electromagnetic wave, total energy of

electromagnetic wave is distributed equally between electric and

magnetic �elds. Since  and  are permittivity and

permeability of free space, the velocity of electromagnetic wave,

. Energy density i.e., energy in unit volume due

to electric �eld at any point,  Similarly, energy

density due to magnetic �eld , . If the

electromagnetic wave propagates along x-direction, then the

equations of electric and magnetic �eld are respectively. 

 and   

Here, the frequency and the wavelength of oscillating electric

and magnetic �elds are  and  respectively. Thus 

 and , where . Therefore,

average energy density  and .

→
E

→
B

∈0 μ0

c = ( ∈0 μ0) − 1 / 2

uE = ∈0 E21

2

uM = B21

2μ0

E = E0 sin(ωt − kx) B = B0 sin(ωt − kx)

f =
ω

2π
λ =

2π

k

Erms =
E0

√2
Brms =

B0

√2
= c

E0

B0

ūE = ∈0 E2
rms

1

2
ūM = B2

rms
1

2μ0

https://dl.doubtnut.com/l/_KNh9qR8sWpPx


The intensity of the electromagnetic wave at a point,

.  

To answer the following questions , we assume that in case of

propagation of electromagnetic wave through free space,

 and   

The peak value of magnetic �eld (in Wb . ) at that point

A. 

B. 

C. 

D. 

Answer: A

View Text Solution

I = cū = c(ūE + ūB)

c = 3 × 108m. s− 1 μ0 = 4π × 10− 7H. m− 1

m− 2

5 × 10− 8

45 × 10− 8

5 × 108

45 × 108

https://dl.doubtnut.com/l/_KNh9qR8sWpPx


4. Electromagnetic waves propagate through free space or a

medium as transverse waves. The electric and magnetic �elds are

perpendicular to each other as well as perpendicular to the

direction of propagation of waves at each point. In the direction

of wave propagation, electric �eld  and magnetic �eld  form

a right-handed cartesian coordinate system. During the

propagation of electromagnetic wave, total energy of

electromagnetic wave is distributed equally between electric and

magnetic �elds. Since  and  are permittivity and

permeability of free space, the velocity of electromagnetic wave,

. Energy density i.e., energy in unit volume due

to electric �eld at any point,  Similarly, energy

density due to magnetic �eld , . If the

electromagnetic wave propagates along x-direction, then the

equations of electric and magnetic �eld are respectively. 

 and   

→
E

→
B

∈0 μ0

c = ( ∈0 μ0) − 1 / 2

uE = ∈0 E21

2

uM = B21

2μ0

E = E0 sin(ωt − kx) B = B0 sin(ωt − kx)

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


Here, the frequency and the wavelength of oscillating electric

and magnetic �elds are  and  respectively. Thus 

 and , where . Therefore,

average energy density  and .

The intensity of the electromagnetic wave at a point,

.  

To answer the following questions , we assume that in case of

propagation of electromagnetic wave through free space,

 and   

Average energy density (in J .  )of electromagnetic wave at

that point

A. 

B. 

C. 

D. 

f =
ω

2π
λ =

2π

k

Erms =
E0

√2
Brms =

B0

√2
= c

E0

B0

ūE = ∈0 E2
rms

1

2
ūM = B2

rms
1

2μ0

I = cū = c(ūE + ūB)

c = 3 × 108m. s− 1 μ0 = 4π × 10− 7H. m− 1

m− 3

4.98 × 10− 9

9.95 × 10− 9

4.98 × 10− 10

9.95 × 10− 10

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


Answer: D

View Text Solution

5. Electromagnetic waves propagate through free space or a

medium as transverse waves. The electric and magnetic �elds are

perpendicular to each other as well as perpendicular to the

direction of propagation of waves at each point. In the direction

of wave propagation, electric �eld  and magnetic �eld  form

a right-handed cartesian coordinate system. During the

propagation of electromagnetic wave, total energy of

electromagnetic wave is distributed equally between electric and

magnetic �elds. Since  and  are permittivity and

permeability of free space, the velocity of electromagnetic wave,

. Energy density i.e., energy in unit volume due

to electric �eld at any point,  Similarly, energy

→
E

→
B

∈0 μ0

c = ( ∈0 μ0) − 1 / 2

uE = ∈0 E21

2

https://dl.doubtnut.com/l/_dgpejUMRpLPW
https://dl.doubtnut.com/l/_k8jIVG74L3Nm


density due to magnetic �eld , . If the

electromagnetic wave propagates along x-direction, then the

equations of electric and magnetic �eld are respectively. 

 and   

Here, the frequency and the wavelength of oscillating electric

and magnetic �elds are  and  respectively. Thus 

 and , where . Therefore,

average energy density  and .

The intensity of the electromagnetic wave at a point,

.  

To answer the following questions , we assume that in case of

propagation of electromagnetic wave through free space,

 and   

Intensity (in W . ) of electromagnetic wave at that point is

almost

A. 0.15

uM = B21

2μ0

E = E0 sin(ωt − kx) B = B0 sin(ωt − kx)

f =
ω

2π
λ =

2π

k

Erms =
E0

√2
Brms =

B0

√2
= c

E0

B0

ūE = ∈0 E2
rms

1
2

ūM = B2
rms

1

2μ0

I = cū = c(ūE + ūB)

c = 3 × 108m. s− 1 μ0 = 4π × 10− 7H. m− 1

m− 2

https://dl.doubtnut.com/l/_k8jIVG74L3Nm


B. 0.3

C. 0.45

D. 0.6

Answer: B

View Text Solution

6. Electromagnetic waves propagate through free space or a

medium as transverse waves. The electric and magnetic �elds are

perpendicular to each other as well as perpendicular to the

direction of propagation of waves at each point. In the direction

of wave propagation, electric �eld  and magnetic �eld  form

a right-handed cartesian coordinate system. During the

propagation of electromagnetic wave, total energy of

electromagnetic wave is distributed equally between electric and

→
E

→
B

https://dl.doubtnut.com/l/_k8jIVG74L3Nm
https://dl.doubtnut.com/l/_NtfJe2wGTNsH


magnetic �elds. Since  and  are permittivity and

permeability of free space, the velocity of electromagnetic wave,

. Energy density i.e., energy in unit volume due

to electric �eld at any point,  Similarly, energy

density due to magnetic �eld , . If the

electromagnetic wave propagates along x-direction, then the

equations of electric and magnetic �eld are respectively. 

 and   

Here, the frequency and the wavelength of oscillating electric

and magnetic �elds are  and  respectively. Thus 

 and , where . Therefore,

average energy density  and .

The intensity of the electromagnetic wave at a point,

.  

To answer the following questions , we assume that in case of

propagation of electromagnetic wave through free space,

∈0 μ0

c = ( ∈0 μ0) − 1 / 2

uE = ∈0 E21

2

uM = B21

2μ0

E = E0 sin(ωt − kx) B = B0 sin(ωt − kx)

f =
ω

2π
λ =

2π

k

Erms =
E0

√2
Brms =

B0

√2
= c

E0

B0

ūE = ∈0 E2
rms

1
2

ūM = B2
rms

1

2μ0

I = cū = c(ūE + ūB)

https://dl.doubtnut.com/l/_NtfJe2wGTNsH


 and   

if the wavelength is 1000Å, then the frequency (in Hz)

A. 

B. 

C. 

D. 

Answer: D

Watch Video Solution

c = 3 × 108m. s− 1 μ0 = 4π × 10− 7H. m− 1

1013

3 × 1013

1015

3 × 1015

7. Electromagnetic waves propagate through free space or a

medium as transverse waves. The electric and magnetic �elds are

perpendicular to each other as well as perpendicular to the

direction of propagation of waves at each point. In the direction

of wave propagation, electric �eld  and magnetic �eld  form
→
E

→
B

https://dl.doubtnut.com/l/_NtfJe2wGTNsH
https://dl.doubtnut.com/l/_7wjcSMdq7WXO


a right-handed cartesian coordinate system. During the

propagation of electromagnetic wave, total energy of

electromagnetic wave is distributed equally between electric and

magnetic �elds. Since  and  are permittivity and

permeability of free space, the velocity of electromagnetic wave,

. Energy density i.e., energy in unit volume due

to electric �eld at any point,  Similarly, energy

density due to magnetic �eld , . If the

electromagnetic wave propagates along x-direction, then the

equations of electric and magnetic �eld are respectively. 

 and   

Here, the frequency and the wavelength of oscillating electric

and magnetic �elds are  and  respectively. Thus 

 and , where . Therefore,

average energy density  and .

The intensity of the electromagnetic wave at a point,

.  

∈0 μ0

c = ( ∈0 μ0) − 1 / 2

uE = ∈0 E21

2

uM = B21

2μ0

E = E0 sin(ωt − kx) B = B0 sin(ωt − kx)

f =
ω

2π
λ =

2π

k

Erms =
E0

√2
Brms =

B0

√2
= c

E0

B0

ūE = ∈0 E2
rms

1
2

ūM = B2
rms

1

2μ0

I = cū = c(ūE + ūB)

https://dl.doubtnut.com/l/_7wjcSMdq7WXO


Entrance Corner Interger

To answer the following questions , we assume that in case of

propagation of electromagnetic wave through free space,

 and   

Relation between  and k

A. 

B. 

C. 

D. 

Answer: A

Watch Video Solution

c = 3 × 108m. s− 1 μ0 = 4π × 10− 7H. m− 1

ω

ω = ck

ω =
ck

2π

ω =
c

k

ω =
c

2πk

https://dl.doubtnut.com/l/_7wjcSMdq7WXO


1. If dielectric constant and relative magnetic permeability of a

medium are 4 and 2.25 receptively, then the velocity of

electromagnetic wave in that medium is  Find the

value of n.

Watch Video Solution

n × 108m. s− 1

2. When the frequency of an electromagnetic wave and the

amplitude of its associated magnetic �eld at a point are  Hz

and  T respectively, then the amplitude of electric �eld be 

. Find the value of n.

Watch Video Solution

108

10− 10

n × 10− 2V . m− 1

3. Due to the sunlight, if the amplitude of the electric �eld at the

earth surface is 900 V . , then the amplitude of the magneticm− 1

https://dl.doubtnut.com/l/_zBCNxLuFrBSD
https://dl.doubtnut.com/l/_ugT4ULOTCIAt
https://dl.doubtnut.com/l/_7U3Q7OpI5yc9


Examination Archive

�eld is  T. Find the value of n.

Watch Video Solution

n × 10− 6

4. What is wavelength (in metre) of radio wave of frequency

 Hz ?

Watch Video Solution

1.5 × 108

5. If the intensity of electromagnetic wave at a point is 0.085 W .

, then �nd the average amplitude (in V. ) of electric �eld

at that point.

Watch Video Solution

m− 2 m− 1

https://dl.doubtnut.com/l/_7U3Q7OpI5yc9
https://dl.doubtnut.com/l/_EWchYZ8bFfRr
https://dl.doubtnut.com/l/_BjClf8AOrMqy
https://dl.doubtnut.com/l/_4xDp6Wi6Tbw7


1. Electromagnetic waves are produced by -

(A) A static charge

(B) A uniformly moving charge

(C) An accelerated charge

(D) Neutral particle

A. a static charge

B. a uniformly moving charge

C. an accelerated charge

D. neutral particle

Answer: C

Watch Video Solution

https://dl.doubtnut.com/l/_4xDp6Wi6Tbw7


2. An electromagnetic wave of frequency 25 MHz travels in free

space along x-direction. At a particular point in space and time,

 volt/metre. What is the value and direction of  of

the wave at that point?

Watch Video Solution

→
E = 6.3ĵ

→
B

3. The speed of electromagnetic waves in vacuum is -

(A)  

(B) 1/  

(C)  

(D) 1/

A. 

B. 1/

√ ∈0 μ0

√μ0 ∈0

∈0 μ0

( ∈0 μ0)

√ ∈0 μ0

√μ0 ∈0

https://dl.doubtnut.com/l/_jAKG8Y3jxBpP
https://dl.doubtnut.com/l/_KP0ioUHkHT6R


C. 

D. 1/

Answer: B

Watch Video Solution

∈0 μ0

( ∈0 μ0)

4. Mention two characteristics of electromagnetic waves.

Watch Video Solution

5. What are the quantities that oscillate in an electromagnetic

wave? Show by means of a diagram, the relative orientation of

the directions of the electric vector, magnetic vector and

propagation of the electromagnetic wave.

Watch Video Solution

https://dl.doubtnut.com/l/_KP0ioUHkHT6R
https://dl.doubtnut.com/l/_3jAkUAhu5mT4
https://dl.doubtnut.com/l/_6h8DpqWiENUR


6. Electromagnetic wave does not carry -

(A) Energy

(B) Charge

(C) Information

(D) Momentum

A. energy

B. charge

C. information

D. momentum

Answer: B

Watch Video Solution

https://dl.doubtnut.com/l/_6h8DpqWiENUR
https://dl.doubtnut.com/l/_SYCshaue00Gp
https://dl.doubtnut.com/l/_gKiAp4g1C8gQ


7. A plane electromagnetic wave Ez = 100cos (  t+ 4x)V/m

propagates in a medium. Find the refractive index of the medium.

View Text Solution

6 × 108

8. The electric and magnetic �eld of electromagnetic waves are -

(A) In opposite phase and perpendicular to each other.

(B) In opposite phase and parallel to each other.

(C) In the same phase and perpendicular to each other.

(D) In the same phase and parallel to each other.

A. in opposite phase and perpendicular to each other

B. in opposite phase and parallel to each other

C. In the same phase and perpendicular to each other

D. in the same phase and parallel to each other

https://dl.doubtnut.com/l/_gKiAp4g1C8gQ
https://dl.doubtnut.com/l/_R5c2MiIXo0m6


Answer: C

Watch Video Solution

9. The energy of gamma ( ) ray photon is  and that of an X-ray

photon is . If the visible light photon has an energy of ,

then we can say that

A. 

B. 

C. 

D. 

Answer: C

Watch Video Solution

γ Eγ

EX Ev

EX > Eγ > Ev

Eγ > Ev > EX

Eγ > EX > Ev

EX > Ev > Eγ

https://dl.doubtnut.com/l/_R5c2MiIXo0m6
https://dl.doubtnut.com/l/_FmXOO12R3AYU
https://dl.doubtnut.com/l/_QZV85JPf7cq5


10. During the propagation of electromagnetic waves in a

medium

A. electric energy density is double of the magnetic energy

density

B. electric energy density is half of the magnetic energy

density

C. electric energy density is equal to the magnetic energy

density

D. both electric and magnetic energy densities are zero

Answer: C

Watch Video Solution

https://dl.doubtnut.com/l/_QZV85JPf7cq5


11. A red LED emits light a 0.1 watt uniformly around it. The

amplitude of the electric �eld of the light at a distance of 1 m

from the diode is

A. 1.73 V/m

B. 2.45 V/m

C. 5.48 V/m

D. 7.75 V/m

Answer: B

Watch Video Solution

12. Arrange the following electromagnetic radiations per

quantum in the order of increasing energy:

https://dl.doubtnut.com/l/_duNZ4JOl8cFR
https://dl.doubtnut.com/l/_eZJXdgMRHES3


(i) Blue Light (ii) Yellow Light (iii) X-Ray (iv) Radio Wave

A. (iv) < (ii) < (i) < (iii)

B. (i) < (ii) < (iv) < (iii)

C. (iii) < (i) < (ii) < (iv)

D. (ii) < (i) < (iv) < (iii)

Answer: A

Watch Video Solution

13. An EM wave from air enters a medium . The electric �elds are

 in air and 

 in medium , where the wave number

k and frequency  refer to their values in air . The medium is non-

magnetic . If  and  refer to relative permittivities of air

→
E 1 = E01x̂ cos[2πν( − t)]

z

c
→
E 2 = E02x̂ cos[k(2z − ct)]

ν

∈r1
∈r2

https://dl.doubtnut.com/l/_eZJXdgMRHES3
https://dl.doubtnut.com/l/_5BwdB5O8otT6


and medium respectively , which of the following options is

correct ?

A. 

B. 

C. 

D. 

Answer: A

Watch Video Solution

=
∈r1

∈r2

1

4

=
∈r1

∈r2

1

2

= 4
∈r1

∈r2

= 2
∈r1

∈r2

14. Out of the following options which one can be used to

produce a propagating electromagnetic wave?

(A) A stationary charge.

(B) A chargeless particle

https://dl.doubtnut.com/l/_5BwdB5O8otT6
https://dl.doubtnut.com/l/_I7CTOBVBKkJ2


(C) An accelerating charges.

(D) A charge moving at constant velocity.

A. a stationary charge

B. a chargeless particle

C. an accelerating charges

D. a charge moving at constant velocity

Answer: C

Watch Video Solution

15. An EM wave is propagating in a medium with a velocity

 . The instantaneous oscillating electric �eld of this EM

wave is along +y axis. Then the direction of oscillating magnetic

�eld of the EM wave will be along

→
v = vî

https://dl.doubtnut.com/l/_I7CTOBVBKkJ2
https://dl.doubtnut.com/l/_DmC7nko500PI


Cbse Scanner

A.  direction

B.  direction

C.  direction

D.  direction

Answer: B

Watch Video Solution

−y

+z

−z

−x

1. What are the directions of electric and magnetic �eld vectors

relative to each other and relative to the direction of

propagation of electromagnetic waves?

Watch Video Solution

https://dl.doubtnut.com/l/_DmC7nko500PI
https://dl.doubtnut.com/l/_MwrTNhbfDXx8


2. The speed of an electromagnetic wave in a material medium is

given by ,  being the permeability of the medium

and  its permittivity. How does its frequency change?

Watch Video Solution

v =
1

√μ ∈
μ

∈

3. Welders wear special goggles or face masks with glass

windows to protect their eyes from electromagnetic

radiations.Name the radiations and write the range at their

frequency

Watch Video Solution

4. A capacitor made of two parallel plates each of plate area A

and separation d is being charged by an external ac source. Show

https://dl.doubtnut.com/l/_XFqZj63j0eIs
https://dl.doubtnut.com/l/_z3gAXWVRzRLS
https://dl.doubtnut.com/l/_oSjCAIPTq3ra


that the displacement current inside the capacitor is the same as

the current charging the capacitor.

View Text Solution

5. To which part of the electromagnetic spectrum does a wave of

frequency  Hz belong?

Watch Video Solution

3 × 1013

6. De�ne intensity of radiation on the basis of photon picture of

light. Write its SI unit.

Watch Video Solution

https://dl.doubtnut.com/l/_oSjCAIPTq3ra
https://dl.doubtnut.com/l/_lIKQMJTLwEQV
https://dl.doubtnut.com/l/_Xc65eSkknF4l


7. Which one of the following electromagnetic radiations has

least frequency:

UV radiations, X-rays, Microwaves

Watch Video Solution

8. How do you show that electromagnetic waves carry energy and

momentum?

Watch Video Solution

9. Write the expression for the energy density of an

electromagnetic wave propagating in free space.

Watch Video Solution

https://dl.doubtnut.com/l/_T3MfyKDrZeGu
https://dl.doubtnut.com/l/_psGeFRmtfZ5p
https://dl.doubtnut.com/l/_Rk9eqWz9ySXD


10. How are electromagnetic waves produced? What is the source

of energy of these waves? Write mathematical expressions for

electric and magnetic �elds on an electromagnetic wave

propagating along the z-axis. Write any two important properties

of electromagnetic waves.

View Text Solution

11. Why does current in a steady state not �ow in a capacitor

connected across a battery? However momentary current does

�ow during charging or discharging of the capacitor. Explain.

View Text Solution

12. How is the speed of EM waves in vacuum determined by the

electric and magnetic �elds?

https://dl.doubtnut.com/l/_WulohRlTRE22
https://dl.doubtnut.com/l/_vIPm5PUjHIkA
https://dl.doubtnut.com/l/_u0p8SlVPpgD3


Watch Video Solution

13. Do electromagnetic waves carry energy and momentum?

Watch Video Solution

14. Identify the electromagnetic waves whose wavelengths vary

as 

(a)  and (b)  m  

Write one use for each.

Watch Video Solution

10− 12m < λ < 10− 8m 10− 3m < λ < 10− 1

15. What do you understand by the statement, "Electromagnetic

waves transport momentum"?

https://dl.doubtnut.com/l/_u0p8SlVPpgD3
https://dl.doubtnut.com/l/_rbWhgkClAY7s
https://dl.doubtnut.com/l/_Lak7rEucpPUH
https://dl.doubtnut.com/l/_i7vpfGfMbDJ2


Watch Video Solution

16. Name the electromagnetic radiations used for

(a) Water puri�cation

(b) Eye surgery.

Watch Video Solution

17. Why are infrared waves often called heat waves? Explain.

Watch Video Solution

https://dl.doubtnut.com/l/_i7vpfGfMbDJ2
https://dl.doubtnut.com/l/_M8Rzt0uW57aA
https://dl.doubtnut.com/l/_RDIj3MYj5DP7

