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ECSE 353 ELECTROMAGNETIC FIELDS AND WAVES 
FORMULAS 

 
A⋅B×C  =  B⋅C×A  =  C⋅A×B A × (B×C)  =  B (A⋅C) - C (A⋅B) 
∇⋅ (ψA)  =  ψ∇⋅A + A⋅∇ψ ∇×(ψA)  =  ψ∇×A  +  ∇ψ × A 
∇⋅ (A×B)  =  B⋅ (∇×A) - A⋅ (∇×B) ∇(ψV)  =  ψ∇V + V ∇ψ 
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Cartesian Coordinates (x,y,z)   dl = dx ax + dy ay + dz az 
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Cylindrical Coordinates (r,φ,z)   dl = dr ar + rdφ aφ + dz az 
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Spherical Coordinates (R,θ,φ)   dl = dR aR + Rdθ aθ + R sinθ dφ aφ 
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Electrostatics 
 

( ) ρρ sn
S

 =           Q =            = DDasDD 212d −⋅⋅⋅∇ ∫  

  =            = 
C

0d0 ∫ ⋅×∇ lEE  tt 21 EE =  

Potential : d      =  V     V  =       V =  E E l− ∇ − ⋅ ∇ ⋅ ∇ −∫12
2

1

ε ρ  

Sources in Free Space :    
q

R
 V =  

q
R

  
0

R
0

E a=
1

4
1

42π ε π ε
 

⎟
⎠
⎞

⎜
⎝
⎛

r
r = V     

r
 =      0

0

l

0

l
r ln

22
: Charge  LineInfinite

επ
ρ

επ
ρ

aE  

 

Electric Dipole :      =  q      V =  
R

R

0
2p d

p a⋅
4π ε

 
 
Polarization Charge :      =        =  p ps nρ ρ− ∇ ⋅ ⋅P P a  
 
Flux Density :       =    +    =   0 0 rD E P Eε ε ε  
 

C =  
Q
V

     C
S
d

  C =  b
a

 (Fm )   Parallel  Plate Coax: :
ln

=
⎛
⎝⎜

⎞
⎠⎟

−ε πε2 1

Wires:
cosh

  C =  D
2a

 (Fm )
πε

−

−

⎛
⎝⎜

⎞
⎠⎟

1

1  

    

Energy : or ' or d or
' '

     W  =  Q V           V dv           v           CVe
k=1

N

k k
V V

1
2

1
2

1
2

1
2

2∑ ∫ ∫ ⋅ ′ρ E D  
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Steady Electric Currents 
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Magnetostatics and Faraday’s Law 
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Maxwell’s Equations 
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Transmission Lines 

−
∂
∂

∂
∂

−
∂
∂

∂
∂

v
z

 =  Ri + L
i
t

     
i
z

 =  Gv + C
v
t

 

 

Sinusoidal Waves on Transmission Lines (Phasors)    
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Scattering Parameters 
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Plane Electromagnetic Waves 
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Antennas and Radiation 
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