
 

      SAJU K JOHN, M.Sc. Physics, NET, PhD Research Scholar at NIT Calicut                  1 
 

CHAPTER 8 

ELECTROMAGNETIC 

WAVES 

 

1.  Explain how Maxwell came to the 

idea of Displacement Current. 

Ans: Maxwell in 1864, showed that 

Ampere’s circuital law is logically 

inconsistent. 

     Consider a parallel plate capacitor, 

which is being charged. Consider two 

loops C1 and C2 parallel to the plates as 

shown in figure. 

 

 

 

 

For 

loop 

C1, a current I is  

flowing through it, hence Ampere’s  

circuital law for loop C1 gives 

------------ (1) 

        Since the loop C2 lies in the region 

between the plates of the capacitor, no 

current flows in this region. Hence 

Ampere’s circuital law for loop C2 

gives 

--------------- (2) 

        These two integrals in eqns (1) 

and (2) are taken on either sides of the 

plate P1. So they must be consistent but 

we find that they are not consistent. 

       To remove this inconsistency 

Maxwell introduced an additional 

current called 

displacement current, where  is the 

electric flux through the loop C. 

.Maxwell modified Ampere’s law into 

the form  

.  

                   =  

 → Conduction current 

        The above equation is called 

Ampere-Maxwell law. 
             

 

Now, 

For loop C1 =        
 

             

Ic is the conduction current. Its value is 

zero in vacuum and dielectrics and 

non-zero in conductors. 

        Id is the displacement current. It is 

zero in conductors and non-zero in 

vacuum and dielectrics. 

 

 

2.   Define displacement current. 

Ans:  
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   Displacement current is that 

current which comes into play 

in vacuum or dielectric when 

electric field is changing with 

time.   

            

 

 

3.  Write Maxwell’s equations 

Ans:
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Gauss's law for magnetism
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4. Explain the existence of 

electromagnetic waves in vacuum 

from Maxwell’s equations. 
Ans: Ampere’s law in free space is  

--------------(1) 

Faraday’s Law is 

------------------(2) 

     Equation (1) shows that a time 

varying electric field gives rise to a 

magnetic field. Equation (2) shows that 

a time varying magnetic field gives rise 

to an electric field. Therefore Maxwell 

suggested that a wave of electric and 

magnetic fields exists. Such a wave is 

called an electromagnetic wave. 

 

 

5.  What is an electromagnetic wave? 

 Ans:  An electromagnetic wave 

consists of a fluctuating (varying) 

electric field and a fluctuating 

magnetic field of the same frequency 

and the same phase. The amplitudes of 

E and B are different. E0 = cB0 . The 

electric and magnetic fields are 

mutually perpendicular and also 

perpendicular to the direction of 

propagation of the wave. The 

intensities of E and B vary periodically 

with time.  

          In the propagation of an 

electromagnetic wave a varying 

electric field E gives rise to a varying 

magnetic field and so on. In this way 

electric and magnetic fields of the 

wave sustain each other. 

 

6.   How e.m waves are produced? 

Ans:- E.m waves are produced by 

         (i) accelerated charges 

         (ii) oscillating dipole 

         (iii) Charge in circular 

motion. 

 

7. What is the nature of 

electromagnetic waves? 

Ans: The e.m waves are transverse in 

nature with the electric and magnetic 

fields perpendicular to the direction of 

propagation. If is along the y-axis 

and  

is along the z-axis. The direction of 

propagation is along the x axis. 

Direction of propagation is given by 

 
 

8. Give the equations for 

electromagnetic waves. 

Ans: Consider an electromagnetic 

wave travelling along the x-axis with E 

oscillating along the y-axis and B 

along the z-axis. 

     E(x,t) = E0 Sin (kx - ωt) 

     B(x,t) = B0 Sin (kx - ωt) 
       Where ω is the angular frequency 

of the oscillating dipole and ‘k’ , the 

angular wave number. 

        k = 2π/λ and c = ω/k  

                  ω= 2π/T 

 and  can also be written as  
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9[P].   A plane electromagnetic wave 
of frequency 25 MHz travels in free 
space along the x- direction. At a 
particular point in space and time, 
E=6.3  V/m. What is B at this point? 
 
10[P].    A plane electromagnetic 
wave travels in vacuum along z-
direction. What can you say about 
the directions of its electric and 
magnetic field vectors? If the 
frequency of the wave is 30 MHz, 
what is its wavelength? 
 
11[P].    A radio can tune in to any 
station in the 7.5 MHz to 12 MHz 
band. What is the corresponding 
wave length band? 
 
12[P].    Suppose that the electric field 
amplitude of the electromagnetic 
wave is E0=120 N/C and that its 
frequency is υ =50 MHz (a) 
Determine, B0, ω, k and λ  (b) Write 
expressions for E and B. 
 
13[P].   In a plane electromagnetic 
wave, the electric field oscillates 
sinusoidally at a frequency of 
2x1010Hz and amplitude 48V/m. 
(a)  What is the wave length of the 
wave? 
(b)  What is the amplitude of the 
oscillating magnetic field? 
(c)  Show that the average energy 
density of the electric field is equal  

to the average energy density of the 
magnetic field.  
 
14[P].   Suppose that the electric field 
part of an electromagnetic wave in 
vacuum is E= {(3.1 N/C) cos [(1.8 
rad/m)y +(5.4 x 106 rad/s)t]}  
(a)  What is the direction of 
propagation? 
(b)  What is the wave length? 
(c)  What is the frequency? 
(d)  Write an expression for the 
magnetic field part of the wave? 
 

15. What are the properties of 

electromagnetic waves? 

Ans:   Properties of electromagnetic 

waves are:  

i.  Electromagnetic waves are   

     produced by accelerated 

charges. 

ii.  Electromagnetic waves are   

     transverse in nature. 

iii.  E.m.waves do not need a   

     material medium for their   

     propagation. 

iv.  The velocity of e.m.waves in 

free space is 3x108m/s. It is given 

by    

v. Speed of e.m.waves in a 

material medium is given by   

 

vi. E.m waves obey the principle 

of superposition. 
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vii. The relative magnitude of E 

and B in empty space are related 

by             

     C = E/B 

 

16.   Which are the 7 E.M waves? 

Ans:  

 

 

 
 

 

17.   Arrange the seven 

electromagnetic waves in the 

decreasing order of their wave 

length ( or increasing order of  

frequency)   

Ans: Radio waves,  

         Micro waves,  

         Infrared radiations,  

         Visible light,  

           Ultraviolet rays, 

         X- rays  

         Gamma rays 

 

 

18.  Arrange the seven 

electromagnetic waves in the 

increasing order of their wave 

length (or                          decreasing 

order of  frequency)                              

      Ans: Gamma rays, 

                X-rays,      

                Ultraviolet              

                Radiations,  

                Visible Light,  

                Infrared Radiations ,              

                Microwaves  

                Radiowaves 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

19. What is meant by 

electromagnetic          spectrum? 

Ans: It is an orderly arrangement of 

electromagnetic waves from radio 

waves of largest wave length to gamma 

rays of shortest wave length. 
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Electromagnetic Spectrum 

 

 

 

 

 

 

20.   What are the uses of electro-

magnetic waves? 

Ans: 
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1.  Radiowaves: Used for    

     communication using radio, T V,            

cellular phone etc 

2.  Microwaves: Used in RADAR,  

     Satellite communication, mobile  

     phone, microwave oven. 

3.  Infrared Radiation: Infrared   

     camera, physiotherapy, for  

     determination of molecular  

     structure. 

4.  Visible light: To see objects. 

5.  Ultraviolet Radiations: Helps 

to      produce vitamin D in our skin. 

Used in water purifiers, used to 

sterilize  bottle waters.. 

6.  X-Rays: To take X ray 

photograph of  human body, to study 

crystal structure. 

7.  Gamma Rays: Study of nuclear  

     Structure, for the treatment of  

     Cancer, to sterilize surgical   

     Instruments, to detect cracks in  

     underground metal pipes etc.  

21.   How the different electromagnetic 

waves are produced? How they can be 

detected? Give their wave length ranges. 

22.   Give the expressions for energy 

density of electric and magnetic 

fields in electromagnetic waves. 

Ans:   E.m wave carry both energy 

and   momentum. 

Energy density associated with e.f   

                     =  

Energy density associated with m.f  

                       =  

23.  What is radiation pressure? 

Give an expression for radiation 

pressure? 

Ans:  Electromagnetic wave carries 

momentum. So an em wave can exert 

pressure on a surface, which is called 

radiation pressure. 

  If ‘U’ is the total energy transferred 

to a surface in a time‘t’, then total 

momentum delivered to the surface  
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24. (i) Which are the rays absorbed 

by the ozone layer?                        

(ii) Which rays produce 

greenhouse effect and global 

warming? 

 

25[Q]. It is possible to exert 

pressure on an object by shining a 

beam of light from a small lamp 

filament. Why?  

 

 


