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Abstract- Maxwell's equations are a set of partial differential 

equations that, together with the Lorentz force law, form the 

foundation of classical electrodynamics, classical optics, 

and electric circuits. These fields in turn underlie modern 

electrical and communications technologies. Maxwell's 

equations describe how electric and magnetic fields are 

generated and altered by each other and 

by charges and currents. They are named after the Scottish 

physicist and mathematician James Clerk Maxwell, who 

published an early form of those equations between 1861 

and 1862. 

I.  INTRODUCTION 

The equations introduce the electric field E, a vector field, 

and the magnetic field B, a pseudovector field, where 

each generally have time-dependence. The sources of 

these fields are electric charges and electric currents, 

which can be expressed  

as local densities namely charge density ρ and current 

density J. A separate law of nature, the Lorentz force law, 

describes how the electric and magnetic field act on 

charged particles and currents.  

II. DIELECTRIC AND CONDUCTOR 

Displacement vector:  

 


 EEEPED re  000 1  

 

Polarization vector:  

v

P

P

vn

k

k

v 










1

0
lim  








' 2

0

'
4

1

v

R dv
R

aP
V


, 

     2222 ''' zzyyxxR   

'''
'

z
z

y
y

x
x


















2

1
'

R

a

R

R











  

 











'
0

'
1

'
4

1

v
dv

R
PV

































  



' '
0

'
'

''
4

1

v v
dv

R

P
dv

R

P


 



















 



''
0

'
'

'
'

4

1

vs

n dv
R

P
Sd

R

aP 



Surface charge density: ρps=


 naP . 

Volume charge density: ρp=


 P  

Total charge:  
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If the material is a p-type semiconductor, the charge 

carries are holes: q > 0 

Hall field: 00
ˆ BvxEh 


 

Hall voltage: dBvVh 00  

Hall coefficient: 0hC  

2-2 Boundary Conditions of Electromagnetic 

Fields 

Boundary conditions for electric fields: 

Eg. Show that Et=0 on the conductor plane. 

(Proof) ∵ The E-field inside a conductor is zero, 
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Eg. A positive 

point charge Q is 

at the center of a 

spherical 

dielectric shell of 

an inner radius Ri and an outer radius Ro. The 

dielectric constant of the shell is εr. Determine 
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Boundary conditions for magnetic fields: 

Eg. Show that μ1H1n=μ2H2n and 
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If J=0, then H1t=H2t 

 

2-4 Maxwell’s Equations and Plane EM Waves 
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called the displacement current density. 
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2-5 Conclusion: 

1. Maxwell’s Equations (Point Form): 

      ∇ × H� = J+∂D/∂t   ∇ · B� = 0 

      ∇ × E� = −∂B/∂t    ∇ · D� = ρV 

2. Maxwell’s Equations (Word Form): 

 Magnetic fields circulate around 

currents and changing electric flux 

densities. 

 There are no magnetic charges 

(monopoles) in the universe. 

 A change in magnetic flux excites a 

voltage around the flux perimeter. 

3. Quantities and Units: 

     Variable    Units         

Technical Name 

       E�      Volts/m        Electric 

Field 

 

       H�      Amps/m       

Magnetic Field 

 

       D�      Coulombs/m2   

Electric Flux Density 
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       B�      Webers/m2     

Magnetic Flux Density 

 

       J�       Amps/m2      

Current Density 

 

       ρV       Coulombs/m3   

Charge Density (Volume) 

Note: 

Also be able to recognize the various forms 

of Ampere’s Law, Faraday’s     

Law,Coulomb’s Law,Gauss’s Law, the 

Biot-Savart Law, the Vector Wave Equation, 

and the Scalar Wave Equation. 
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