
Electric Fields 
 
MAXWELL’S EQUATIONS 
 
Differential Form 
 
∇ ⋅ =

r
D vρ  

∇ × =
r
E 0 

 
 
 
 

Integral Form 
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VOLTAGE EQUATIONS 
 
Electric Scalar Potential 
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ε

 (Poisson’s Eqn) 
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Finite Difference Approximation to 
Laplace’s Equation 
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DEFINITIONS & DIELECTRIC PROPERTIES 
 
Electric Flux Density 
 r r r
D E Eo= = +ε ε  
 
Polarization 
 r r
P Eo e= ε χ  
 
Permittivity 
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Capacitance 
 
C=Q/V12
Q = charge on either conductor 
V12 = voltage difference between 
conductors 
 
Force 
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BOUNDARY CONDITIONS 
 
General 
 

( )$n E E× − =
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1 2 0  

( )$n D D S⋅ − =
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Dielectric-Dielectric 
 
E Et t1 2=  
D Dn n1 2=  
 
 
 
 

Conductor-Dielectric 
 r
E is zero in conductor 
Dn S= ρ in dielectric 

( )$n E E× − =
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1 2 0  
Et = 0  in dielectric 

 
COULOMB’S LAW 
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ENERGY 
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COORDINATE SYSTEMS 
 
Rectangular 
 
dl xdx ydy zdz
r
= + +$ $ $  

dS dydzx =  
dS dxdzy =  
dS dxdyz =  
dv dxdydz=  
 
Cylindrical 

 
dl rdr rd zdz
r
= + +$ $ $φ φ  

dS rd dzr = φ  
dS drdzφ =  
dS rdrdz = φ  
dv rdrd dz= φ  
 
Spherical 
 

dl rdr rd r d
r
= + +$ $ $ sinθ θ φ θ φ

dS r d dr = 2 sinθ θ φ  
dS r drdθ θ φ= sin  
dS rdrdφ θ=  

dv r drd d= 2 sinθ θ φ  

Note: Most Vector Formula Info is Found on the Inside Covers of the Text 
 
Rectangular 
 

 
 
 
Note: In Ulaby (where these figures are from), the spherical radial direction is indicated 
by upper case R while here we use lover case r. It is almost always simple to determine 
whether we are using cylindrical or spherical r and we have decided to use R for 
resistance. The diagrams on the next page show the cylindrical and spherical cases.  



Cylindrical

 
Spherical 

 


