
Magnetostatics in Ponderable Media 
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Magnetic Scalar Potential 0  MJ H= → =−∇Φ
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 Effective magnetic charge density     M Mρ = −∇⋅
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Solution for Scalar potential 
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 putting object with 0M ≠  into magnetic field 

Time dependent fields 
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Coefficients of Self- & Mutual Inductances 
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Mutual inductance  ij ij j jiM F I M= =  

 ijF  is flux from “j” linked with circuit “i” 

EMF by inductance coefficients  ij ijdF dtε = −  
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Maxwell Eqt. and Gauge Transformations 

Maxwell Eqt. 
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Useful Relations 
Spherical ↔Cartesian 
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Polar↔Cartesian
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Moving body current  J vρ= ⋅
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Rotating body current  ( )J rρ ω= ⋅ ×
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Rotating hollow sphere        ( )sinJ R r Rϕ ω σ θ δ= ⋅ −  
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Expanding Potential to Multipoles 
Point charge expansion 
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Quadrupole ( ) ( )2 33  ij i j ijQ x x r x d xδ ρ= −∫
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* Multipole with order “n” is independent on the 
origin of coordinates only if all the multipoles with 
lower order vanish. 

Electrostatics in Ponderable Media 
Dipole moment density    molP N p=
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Electric Displacement 0D E Pε= +
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Electric susceptibility e P Eχ = ∂ ∂  
Dielectric constant  0 1 eε ε χ= +  

Electric permittivity  ( )0 1 eε ε χ= +  
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Induced charge density ( )2 1 21ind P P nσ = − − ⋅
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Dielectrics Energy  31
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Change in Energy   31
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 putting object with 0M ≠  into magnetic field 
 

Magnetostatics 

Continuity equation  0J
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Biot-Savart Law  
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First Ampere’s Law  ( )1 1dF I dl B= ×
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Magnetic induction ( ) ( ) 30
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Second Ampere’s Law 0C
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Magnetic moment  ( ) 31
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Dipole Potential ( ) 0
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Dipole induction ( ) ( )0
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Force on dipole ( )F m B= ∇ ⋅
r rr
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Potential energy of dipole  U m B= − ⋅
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Electrostatics 
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Electric potential    ( ) ( ) 3
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Potential Energy 
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Electrostatic Potential Energy 
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solid angle from the observation point 
Boundary: 

02 1
D
εΦ − Φ =  

Poisson & Laplace Eqt.     2 2
0     0ρ ε∇ Φ = − ∇ Φ =  

 Point source ( ) ( )2 1 4r r r rπδ′−
′∇ = − −r r

r r
 

Capacitance  
Q

C
V

≡
∆

 

Green function 
Green first identity 
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Orthogonal Functions Expansion 
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Orthogonal Function Proprieties 
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Spherical harmonics 
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Low orders of Orthogonal functions 
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