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Outline
1. Magnetoquasistatic Equations

2. Magnetic Diffusion Equation

3. Examples

A. Infinite Slab

i. Poorly conducting regime

ii. Perfectly conducting regime

B. Sphere : Magnetic scalar potential

C. Cylinder: Current biased solutions
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MagnetoQuasiStatics
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i vSolve first

Solve for E once B is found

Boundary conditions: 
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MQS: Magnetic Diffusion Equation

For a metal  B = µ0 H, D = ε0 E and J = σ0E, so that
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Magnetic Diffusion Equation
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Infinite Slab
Let

Therefore,

and
2a

x

so that
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General Solution

where the magnetic diffusion length is 

Boundary Conditions demand  D=0, so that

Boundary Conditions demand

Therefore, 
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Fields and Currents for |y|< a

Poor conductor limit
Thin film limit

Perfect conductor limit 
Bulk limit
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Fields and Currents for |y|< a

Poor conductor limit
Thin film limit

and

Perfect conductor limit 
Bulk limit

and
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Sphere in a magnetic field
Poorly conducting regime Perfectly conducting regime

µ0 ,ε0 , σ0
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Sphere in the perfectly conducting regime
In this bulk approximation, there is no 
current density J = 0, only a surface 
current K. Therefore, in all space

µ0 ,ε0 , σ0

Define a magnetic scalar potential

which then satisfies Laplace’s equation
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Solutions to Laplace’s Equation
Spherical Cylindrical 

Uniform field

Monopole field

Dipole field
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Sphere in a magnetic field

µ0 ,ε0 , σ0

C_1 = \magvechat{H}{o}

Potential for the uniform field:

To have H = 0 for r < R, the surface current 
K must produce a potential such that

To match the boundary conditions for all 
angles, a dipole field is needed on the outside
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Inside the Sphere

Therefore, 
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Outside the Sphere

Use the boundary condition

Therefore, 
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Outside the Sphere
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Current along a cylinder
Poorly conducting regime Perfectly conducting regime
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Current along a cylinder: poor conductor
The fields from Ampere’s law

Inside: 

Outside:

Therefore,
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Current along a cylinder: perfect conductor

The fields from Ampere’s law

Inside: 

Outside:

Therefore,
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