
BASIC	  EQUATIONS	  OF	  ELECTRODYNAMICS	  

	  
Maxwell's	  Equations	  
	   In	  General:	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   In	  Matter:	   	  
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Auxiliary	  Fields	  
	   Definitions:	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   Linear	  Media:	  
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FUNDAMENTAL	  CONSTANTS	  

	  

2212
0 /1085.8 NmC−×=ε 	   	   	   	  

(permittivity	  of	  free	  space)	  

Ce 191060.1 −×= 	  

(charge	  of	  the	  electron)	  

27
0 /104 ΑΝ×= −πµ 	   	  

(permeability	  of	  free	  space)	  

kgm 311011.9 −×= 	   	  
(mass	  of	  the	  electron)	  

	  
SPHERICAL	  AND	  CYLINDRICAL	  COORDINATES	  

	  
Spherical	  
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x = rsinθ cosφ
y = rsinθ sinφ
z = rcosθ
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ˆ x = sinθ cosφˆ r + cosθ cosφ ˆ θ − sinφ ˆ φ 

ˆ y = sinθ sinφˆ r + cosθ sinφ ˆ θ + cosφ ˆ φ 

ˆ z = cosθˆ r − sinφ ˆ θ 

	  

Cylindrical	  
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x = scosφ
y = ssinφ
z = z
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ˆ x = cosφˆ s − sinφ ˆ φ 
ˆ y = sinφˆ s + cosφ ˆ φ 
ˆ z = ˆ z 

	  

	  
FUNDAMENTAL	  THEOREMS	  

Gradient	  Theorem:	  
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Divergence	  Theorem:	     
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Curl	  Theorem:	     
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VECTOR	  DERIVATIVES	  

Cartesian.	     
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l = dx ˆ x + dyˆ y + dz ˆ z ;	  
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dτ = dx dy dz 	  
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	   	   Laplacian:	   2
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Spherical.	     
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l = dr ˆ r + r dθ ˆ θ + rsinθ dφ ˆ ϕ ;	   	   φθθτ dddrrd sin2= 	  
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Cylindrical.	     
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l = ds ˆ s + sdφ ˆ φ + dz ˆ z ;	   dzddssd φτ = 	  

	   	   	   	   Gradient:	  

∇t = (∂t / ∂s) ŝ + (1 / s)(∂t / ∂ϕ ) ϕ̂ + (∂t / ∂z) ẑ 	  
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VECTOR	  IDENTITIES	  

Triple	  Products	  
	   (1)	   ( ) ( ) ( )Β×⋅=Α×⋅Β=×Β⋅Α
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Product	  Rules	  
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	   (4)	   ( ) ( ) ( ) ( ) ( )Α∇⋅Β+Β∇⋅Α+Α×∇×Β+Β×∇×Α=Β⋅Α∇

	  

	   (5)	   ( ) ( ) ( )fff ∇⋅Α+Α⋅∇=Α⋅∇


	  
	   (6)	   ( ) ( ) ( )Β×∇⋅Α−Α×∇⋅Β=Β×Α⋅∇


	  

	   (7)	   ( ) ( ) ( )fff ∇×Α−Α×∇=Α×∇


	   	  

	   	   	   	   (8)	  

∇×


Α×

Β( ) = Β⋅ ∇( ) Α−


Α⋅

∇( ) Β+


Α

∇⋅

Β( )− Β ∇⋅


Α( ) 	  

Second	  Derivatives	  
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(Fundamental	  theorems	  are	  on	  the	  back	  side)	  


