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Field – Time varying electric and magnetic field

Mathematical expressions based on the law’s of

electrostatics, magneto-statics and electromagnetic

induction.

Useful in explanation of EM wave or time varying electric 

and magnetic fields.

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 

 sd.E
 sdEd




Net outward electric flux through closed surface =q/0

dvdq 

 dvq
v

 


 dv
1
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0



  


 dv
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dv E.
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Integral form of
Ist Maxwell equation

0

E.







D.


Differential form of 
Ist Maxwell equationED   ;ED 0


 v

D K
 P

an
de

y, 
PPN C

oll
eg

e, 
Kan

pu
r



15 May 2020 PPN College, Kanpur 415 May 2020 PPN College, Kanpur 4

Second Maxwell Equation
Gauss Law of Magnetic field

 sd.B
 sdBd




Monopole can not exists. 
Magnetic line of forces are closed curves. 
Net outward magnetic =0

   0dv B.


Integral form of
IInd Maxwell equation

Differential form of 
IInd Maxwell equation

HB   ;HB 0




0sd.B 
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0B. 
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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
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ld.E



    sd.
dt
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Integral form of
IIIrd Maxwell equation

Differential form of 
IIIrd Maxwell equation

dt
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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

Equation of continuity : Based on conservation of charge

0
dt

d
J. 






  JB    0


 

0J    


    0
dt

d
    




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

New current: Due change in electric flux with time
New Current: Displacement Current

dt

dE
A

dt

dEA

dt

d
I 00

e
0d 




 d0 JJB    




dt

Ed
J   

dt

dE

A

I
J 0d0

d
d






dt

Dd

dt

Ed
J 0d






dJJH    



Integral form and

Differential form of 
Fourth Maxwell equation

dtotal JJJ




   sd.JJld.B d0
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Maxwell Equation

 dJJB 




dJJH




Integral form of 
Maxwell equation

   sd.JJld.B d



Differential form of 
Maxwell equation

  sd.B
dt

d
ld.E


dt

Bd
E
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Electromagnetic wave
In Free space

Properties of free space

dt

Ed
JH






dt

Hd
E









 E.



0H. 


    ;   ;1  ;1  0;J  0;  ;0 00rr 

Maxwell Equation

dt

Ed
H 0






dt

Hd
E 0






0E. 


0H. 


Maxwell Equation
for free space
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Taking curl of IIIrd
Maxwell Equation
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Electromagnetic wave
In Free space: Differential Equation for E & H 

Taking curl of IVth

Maxwell Equation
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Progresive wave Equation
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E and H are progresive wave
 t-r.Kj

0 e E)t,r(E 


 t-r.Kj
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Electromagnetic wave
In Free space: Nature of E and H

dt

Ed
H 0
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H & KE




E & KH
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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
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Electromagnetic wave
Poynting Vector  in Free space

K along areaunit per  gsincros PowerS

K along unit timeper  areaunit per  flowing EnergyS
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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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