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When the charge is static 

Generated Field – Electric field 

What happen ? 
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When the charge is moving with constant speed. 

Generated Field – Magnetic field 

What happen ? 
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When the charge moves with an acceleration then 
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Field – Time varying electric and magnetic field 

Mathematical expressions based on the law’s of 

electrostatics, magnetostatics  and electromagnetic 

induction.  

Useful in explanation of time varying electric and magnetic 

fields or EM wave . 

Maxwell Equation 

What happen ? 

Time varying electric and magnetic field  : ??? 
Variation of E & D and B & H with time     : ???  
Differential equation for E & D and B & H : ??? 
Magnitude of E & D and B & H : ??? 
Direction of E & D and B & H    : ??? 
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First Maxwell Equation 
Gauss Law of electrostatics  
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Second Maxwell Equation 
Gauss Law of Magnetic field  
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Third Maxwell Equation 
Faraday’s Law of EM Induction 

Induced emf = - rate of change of magnetic flux 

 ld.Ee


 sd.B


  sd.B
dt

d
ld.E



    sd.
dt

Bd
sd.E




 dt

Bd
E






dt

d
e




v 

Integral form of 
IIIrd Maxwell equation 

Differential form of  
IIIrd Maxwell equation 

dt

Hd
E






Dr. D
 K

 P
an

de
y



2 June 2021 IAPT, RC-4 : Workshop 8 2 June 2021 8 

Fourth Maxwell Equation 
Modified Ampere’s Law  by Maxwell 
Line integral of magnetic field through closed path=0I 

 ld.Bfield magnetic of integral line


sd.JdI




  sd.Jld.B 0



    sd.Jsd.B 0



JB 0




This is Differential form of Ampere’s Law. 
Same result can be also obtained by Biot-Savart Law. 
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J: Current density 
: Charge density 

So, Ampere’s law and Biot savart Law are valid when charge 
density is constant or charges are moving with 

constant/uniform. 

Fourth Maxwell Equation ….contd. 
Modified Ampere’s Law  by Maxwell …..contd 
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0
dt

d
J. 






  J.B.    0


 

0J.    


    0
dt

d
    




 = constant 

Dr. D
 K

 P
an

de
y



2 June 2021 IAPT, RC-4 : Workshop 10 

Fourth Maxwell Equation ….contd. 
Modified Ampere’s Law  by Maxwell …..contd 

New current: Due change in electric flux with time 
New Current: Displacement Current 
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Maxwell Equation 
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E and B in terms of  and A 
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1. Isotropic Medium:  

Medium 

Microscopic properties (a, ): direction independent 
Velocity of em wave : direction independent 
Example: air/free space/ vacuum, glass etc. 

2.  Anisotropic Medium 
Microscopic properties (a, ): direction dependent 
Example: quartz, calcite etc. 
Velocity of em wave : direction independent 

3. Conducting Medium 
Attenuating medium for em wave 
Wave propagation vector: complex function 
E and H: damped oscillation 
Energy: decays with distance and time 
Example: conductors. 
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Electromagnetic wave 
In Free space 

Properties of free space 
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Taking curl of IIIrd 
Maxwell Equation 
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Electromagnetic wave 
In Free space: Nature of E and H 
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Electromagnetic wave 
In Free space: velocity of em wave 
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Electromagnetic wave 
Impedance  of Free space for em wave 
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Electromagnetic wave 
Energy density of EM wave in Free space  

eunit volumin  stored Energyu 

2
0m

2
0e H

2

1
u    &    E

2

1
u  

v 

me uuu 

me
00

00
2

0

2
0

m

e uu    1
H

E

u

u
  









 v 

2
0eee Eu2uuu 

v 
2
rms0

2
00

2
0 EE

2

1
Eu 

Dr. D
 K

 P
an

de
y



2 June 2021 IAPT, RC-4 : Workshop 20 2 June 2021 20 2 June 2021 20 2 June 2021 20 

Electromagnetic wave 
Poynting Vector  in Free space  
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Electromagnetic wave 
Poynting  Theorem 

K areaunit per  gsincros PowerS

K along unit timeper  areaunit per  flowing EnergyS
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Free Space Isotropic medium 
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EM wave in free space and isotropic mediums 

Free Space Isotropic medium 
Wave Equation 

2

2
2

dt

Ed
E






2

2
2

dt

Hd
H






C
1

v
00




 C
C1

v
rr









Medium Impedance 





   120c

H

E
Z

0

0
0

0

0
0

r

r
00 Zv

H

E
Z











Wave Velocity 

Dr. D
 K

 P
an

de
y



2 June 2021 IAPT, RC-4 : Workshop 24 

EHK 0




HEK 0




0E.K 


0H.K 


H & KE




E & KH




EK




HK



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Transverse nature of EM wave 

EHK




HEK




0E.K 


0H.K 


H & KE




E & KH




EK




HK




Relation in E, B and K 

HEK 0




BEK




c

En

v

EnEK
B


 










HEK




BEK




v

EnEK
B


 







Dr. D
 K

 P
an

de
y



2 June 2021 IAPT, RC-4 : Workshop 25 

Electromagnetic wave 
Energy density of EM wave in Free space  

EM wave in free space and isotropic mediums 

Free Space Isotropic medium 
Energy density of EM wave 
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EM wave in conducting medium 
Medium Properties 
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Wave propagation vector 

Solution of em wave Equation 
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EM wave in conducting medium ..contd 
Penetration depth or skin depth: The distance at which 
amplitude of em wave becomes equal to 1/e times 
maximum value. 
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EM wave in conducting medium ..contd 
Refractive Index of conducting medium 
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EM wave in conducting medium ..contd 
Impedence of conducting medium 
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EM wave in conducting medium ..contd 
Energy density  
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EM wave in Anisotropic medium 

    1. EM wave properties depends on direction  

2.    
    3.  Permitivity is a tensor quantity. 
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EM wave in Anisotropic medium 
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EM wave in Anisotropic medium 
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EM wave in Anisotropic medium 
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EM wave in Anisotropic medium 
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EM wave in Anisotropic medium 
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EM wave in Anisotropic medium 
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EM wave in Anisotropic medium 
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1. The normal component of electric 
displacement vector  is not continuous at 
the interface but changes by an amount 
equal to the free surface charge density.  

 
 
 

2. The normal component of magnetic 
induction B is continuous across the 
interface.  
 

   D-D 2n1n 

   0B-B 2n1n 

Boundary condition for EM wave 
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Boundary condition for EM wave Boundary condition for EM wave 

3. The tangential component of electric field  is 
continuous at the interface.  

 
 
 

4. The tangential component of magnetic field 
strength  is not continuous at the interface 
but changes by an amount equal to the 
component of the surface current density 
perpendicular to tangential component of H. 

   0E-E 2t1t 
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Reflection and Refraction of EM wave 
For Incident wave 
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Reflection and Refraction of EM wave 

Since, tangential component of electric field is 
continuous at interface . 
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Reflection and Refraction of EM wave 
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Fresnel Equation  
for Reflection and Refraction of EM wave 

A: When E is perpendicular to plane of incidence  
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Fresnel Equation…………. contd 
for Reflection and Refraction of EM wave 
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Case 1: when (n1/n2)<1 ; wave : rare to denser 
n=Sini  / Sinr =(n2/n1)>1 and i > r 

Fresnel Equation…………. contd 
for Reflection and Refraction of EM wave 
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Fresnel Equation…………. contd 
for Reflection and Refraction of EM wave 

B: When E is parallel to plane of incidence  
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For normal incidence ; i=r=0 
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Fresnel Equation…………. contd 
for Reflection and Refraction of EM wave 
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Fresnel Equation…………. Contd…. 
for Reflection and Refraction of EM wave 

Case 1: 

Refracted and incident wave are in same phase. 
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Thus , if an un-polarized light incidents (rare to denser) at angle p=B then 
only electric vector perpendicular to plane of incidence will be reflected and 
light will become polarized. This angle is termed as angle of  polarization or 
Brewster’s angle. 
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Fresnel Equation…………. Contd…. 
for Reflection and Refraction of EM wave 

Case  3: if em wave travels  from denser to rarer medium 
then it goes away from normal. 
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Thus total energy is reflected at the interface of two mediums. 
This means, as the angle of incident wave increases, the intensity of 
reflected wave increases while intensity of refracted wave diminishes. The 
intensity of refracted wave becomes zero at i=c. But if i>c then wave 
completely goes in medium Ist, and follows law of reflection. This is TIR. 
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