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Maxwell‘s equations

• Charges are sources of the electric field

• The magnetic field as no sources (no monopoles)

• Time-dependent magnetic fields generate electric fields

• Time-dependent electric fields and currents generate magnetic fields

Vacuum permittivityVacuum permeability



Magnetostatics

Differential formulation Integral formulation



Magnetostatics

Differential formulation Integral formulation

Comparison electrostatics
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Vector potential

• We can introduce the electrostatic potential

• Maxwell 

Recap: electrostatic potential in electrostatics

Now: Magnetostatics

• We can introduce the vector potential

• Maxwell 



Vector potential

• We can introduce the vector potential

• Maxwell 

and choose a gauge           so that  

• Use identity

similar to 

Poisson equation
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Biot-Savart law

similar to 

Poisson equation

Solve for all three components

Biot-Savart
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Current in a wire
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https://upload.wikimedia.org/wikipedia
/commons/3/3e/Manoderecha.svg
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Current loop
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https://upload.wikimedia.org/wikipedia/commons/
5/56/VFPt_dipole_magnetic3.svg



Current loop
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“Infinitely” thin wire

Far away• Truncated Taylor expansion

“Magnetic dipole”



Magnetic dipole
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Magnetic dipole
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Magnetic dipole moment

… for planar loops



Magnetic dipole



Magnetic dipole

Zoom 

out

Comparison: 

electric dipole

https://upload.wikimedia.org/wikipedia/commons/7/76/VFPt_dipoles_magnetic.svg https://upload.wikimedia.org/wikipedia/commons/
a/aa/VFPt_dipole_animation_electric.gif
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on a magnetic dipole



Electric dipole in a homogeneous E field
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Electric dipole in a homogeneous E field
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Magnetic dipole in a homogeneous B field
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Circulating 
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Magnetic dipole in a homogeneous B field

Circulating 

electrons

Electrostatics
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magnetostatics



Field energy

Continuity equation for energy density

• Power density
(energy generation density)

• Energy density

• Poynting vector
(energy-current density)



Magnetostatic energy

• Energy density

• Energy

no surface charges

Recap: electrostatics Now: magnetostatics
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Comparison to 
electrostatics



Electrostatics     vs.    Magnetostatics
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