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Electromagnetic Waves At A Glance 

Ampere’s law 

 𝑩.𝒅𝒍 = 𝝁𝟎𝑰 

relates magnetic fields due to current sources.  

Maxwell argued that this law is incomplete as it does not include varying 

electric fields.  According to Maxwel, if varying magnetic fields generate 

electric fields, by symmetry the time varying electric fields should produce 

magnetic fields. 

Maxwell modified the law to: 

 𝑩. 𝒅𝒍 = 𝝁𝟎𝑰𝑪 + 𝝁𝟎𝜺𝟎
𝒅𝜱𝑬

𝒅𝒕
 (Ampere’s law)  (1) 

The term 𝑰𝑪 denotes Conduction current & 𝜺𝟎
𝒅𝜱𝑬

𝒅𝒕
 denotes displacement 

current. 
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An important consequence of  the displacement current is the symmetry 

between electric and magnetic fields which leads to the existence of  

electromagnetic waves.  The above equation (1) and the following three  

equations form set of  Maxwell equations.  The equations are: 

 

 𝑬. 𝒅𝑺 =  
𝑸

𝜺𝟎
        (Gauss’ law for electricity)                     (2) 

 

 𝑩. 𝒅𝑺 = 𝟎         (Gauss’ law for magnetism)        (3) 

 

 𝑬. 𝒅𝒍 = −
𝒅𝜱𝑩

𝒅𝒕
   (Faraday’s law)                            (4) 
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The electric field vector 𝐸 and magnetic field vector 𝐵 vibrate perpendicular 
to each other and perpendicular to the direction of propagation of the 
electromagnetic wave. 

If the wave is propagating along 𝑋, then the equations for 𝐸 and 𝐵 are 
𝐸𝑦 = 𝐸0 sin 𝑘𝑥 − 𝜔𝑡 , 

𝐵𝑧 =
𝐸0
𝑐
sin 𝑘𝑥 − 𝜔𝑡 , 

where 𝐸0 is the amplitude of the electric vector and B0=
𝐸0

𝑐
 is the magnitude 

of the magnetic field vector.  

Electromagnetic Waves At A Glance 

Relation between directions of  𝐸, 𝐵 and the direction  

of  propagation of  an electromagnetic wave 
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Electromagnetic waves are transverse waves 
 
The electric ane the magnetic fields are in phase and perpendicular to 
each other and also perpendicular to the direction of propagation of the 
wave.   

In fact, if 𝒌  is the propagation vector, then 𝑬 × 𝑩 = 𝒌  .  
 They can propagate even through vacuum i. e. they do not require a 
medium to propagate.  

The speed of propagation of the waves is 𝜔/𝑘 with 𝑘 =
2𝜋

𝜆
 and 𝜔 = 2𝜋𝜈.  

Moreover, 𝑐 = 𝜈𝜆 =
1

𝜇0𝜀0
 in vacuum. 

In a material medium, the velocity of light is 𝑣 =
1

𝜇𝜀
=

𝑐

𝑛
 where n is the 

refractive index of the medium.  
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Electromagnetic Waves At A Glance 

Being transverse, electromagnetic waves can be polarized, the direction of 
polarization is conventionally identified with the electric vector.   
The electromagnetic waves carry energy and momentum. 
Electromagnetic waves carry energy as photons, each photon having energy 
ℎ𝜈, where h is Planck constant = 6.6 × 10−34J s. 
 
 The energy associated with the electric field is (1/2)𝜀0𝐸

2, and that 

associated with the magnetic field is 
𝐵2

2𝜇0
.  

Because electromagnetic waves carry momentum, they exert pressure, called 
the radiation pressure, given by 𝑝 = 𝑈/𝑐, where U is the total energy 
transferred to a surface in time t.   



Q1. If λv, λx and λm represent the wavelengths of visible light, X-rays and 
microwaves respectively, then: 
  
1) λm > λx > λv 
2) λm > λv > λx 
3) λv > λx > λm 
4) λv > λm > λx 
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Q2. The momentum of a photon of energy 1 MeV in kg m/s, will be:  

 1) 5 × 10-22 

 2) 0.33 × 106 

 3) 7 × 10-24 

 4) 10-22 
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Q3. The frequency of a light wave in a material is 2 × 1014 Hz and wave length is 

5000 Å.  The refractive index of the material will be: 

 1) 1.33 

 2) 1.40 

 3) 1.50 

 4) 3.00 
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Q4. The electric and magnetic fields of an electromagnetic wave are:  

 1) in phase and perpendicular to each other 

 2) in phase and parallel to each other 

 3) in opposite phase and perpendicular to each other 

 4) in opposite phase and parallel to each other 
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Q5. The velocity of electromagnetic radiation in a medium of permittivity ε0 and 

permeability μ0 is given by: 

 1) 
μ0

ε0
 

 2) 
ε0

μ0
 

 3) μ0ε0 

 4) 
1

μ0ε0
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Q6. Which of the following statements is false for the properties of 

electromagnetic waves?  

 1) These waves do not require any material medium for propagation 

 2) Both electric and magnetic field vectors attain the maxima and minima at 

the same place and time 

 3) The energy in electromagnetic wave is divided equally between electric 

and magnetic vectors 

 4) Both electric and magnetic field vectors are parallel to each other and 

perpendicular to the direction of propagation of wave 
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Q7. The electric and magnetic fields associated with an e.m. wave, propagating 

along positive Z-axis, can be represented by:  

 1) E = E0 j , B = B0k  

 2) E = E0 i , B = B0j  

 3) E = E0 k , B = B0i  

 4) E = E0 j , B = B0i  
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Q8. The decreasing order of wavelengths of infrared, microwave, ultraviolet and 

gamma rays is:   

 1) infrared, microwave, ultraviolet, gamma rays 

 2) microwave, infrared, ultraviolet, gamma rays 

 3) gamma rays, ultraviolet, infrared, microwaves 

 4) microwaves, gamma rays, infrared, ultraviolet 
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Q9. The condition under which a microwave oven heats up a food item containing 

water molecules most efficiently is:  

 1) Microwaves are heat waves, so always produce heating 

 2) Infra-red waves produce heating in a microwave oven 

 3) The frequency of microwaves must match the resonant frequency of the 

water molecules 

 4) The frequency of the microwaves has no relation with natural frequency 

of water molecules                                                        
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Q10. An electromagnetic wave of frequency ν, wavelength λ and velocity c in 

air, enters a material of refractive index n.  The frequency, wavelength and 

velocity in the material will be respectively 

 1) 
ν

n
, 
λ

n
 and 

c

n
 

 2) 
ν

n
, 
λ

n
 and c 

 3) 
ν

n
, λ and 

c

n
 

 4) ν, 
λ

n
 and 

c

n
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Q11. If E and B are the electric and magnetic field vectors associated with an 

electromagnetic wave, then the direction of propagation of the wave is along 

 1) E × B 

 2) B × E 

 3) E 

 4) B 
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Q12. Which of the following is not a part of the electromagnetic spectrum? 

 1) X-rays 

 2) gamma-rays 

 3) beta rays 

 4) ultraviolet rays                                                          
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Q13. Which of the following is not transported by electromagnetic waves? 

 1) Energy 

 2) Momentum 

 3) Information 

 4) Charge 

 

www.physicsbeckons.wordpress.com 



 Q14. The electric field associated with an e.m. wave in vacuum is given by 

E = i 40 cos(kz − 6 × 108t), where E, z and t are in volt/m, metre, and seconds 

respectively. The value of the wave vector k is:  

1) 3 m-1 

2) 2 m-1 

3) 0.5 m-1 

4) 6 m-1 
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Q15: A 200 W sodium street lamp emits yellow light of wavelength 0.6 μm.  

Assuming it to be 25% efficient in converting electrical energy to light, the 

number of photons of yellow light it emits per second is:  

1) 3 × 1019 

2) 1.5 × 1020 

3) 6 × 1018 

4) 62 × 1020 
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2. (1) 

3. (4) 
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14. (2) 

15. (2) 
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