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5.4.2 Magnetostatics Boundary Conditions

We shall see boundary conditions for two components of Magnetic 
fields

• For Perpendicular components of magnetic field

• For Tangential/parallel components of magnetic field



For perpendicular components of Magnetic 
Field

 𝐵. 𝑑  𝑎 =  𝛻. 𝐵 𝑑𝜏′

We have proved that 𝛻. 𝐵 = 0

So

 𝐵. 𝑑  𝑎 = 0

 𝐵. 𝑑  𝑎 =  𝐵. 𝑑  𝑎 + 𝐵. 𝑑  𝑎 +  𝐵. 𝑑  𝑎
Top bottom Side walls



Perpendicular Field Boundary Conditions

 𝐵. 𝑑  𝑎 =  𝐵𝑎𝑏𝑜𝑣𝑒𝑑𝑎 −  𝐵𝑏𝑒𝑙𝑜𝑤𝑑𝑎 +  𝐵. 𝑑  𝑎

Integral of magnetic field due to side walls is zero because  𝑑𝑎 0

So last term vanishes and we get

 𝐵. 𝑑  𝑎 =  𝐵𝑎𝑏𝑜𝑣𝑒𝑑𝑎 −  𝐵𝑏𝑒𝑙𝑜𝑤𝑑𝑎

 𝐵. 𝑑  𝑎 = 𝐵𝑎𝑏𝑜𝑣𝑒  𝑑𝑎 − 𝐵𝑏𝑒𝑙𝑜𝑤  𝑑𝑎 = 𝐴(𝐵𝑎𝑏𝑜𝑣𝑒 − 𝐵𝑏𝑒𝑙𝑜𝑤) = 0
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 𝐵. 𝑑  𝑎 = 𝐵𝑎𝑏𝑜𝑣𝑒  𝑑𝑎 − 𝐵𝑏𝑒𝑙𝑜𝑤  𝑑𝑎 = 𝐴(𝐵𝑎𝑏𝑜𝑣𝑒 − 𝐵𝑏𝑒𝑙𝑜𝑤) = 0

Area cannot be equal to zero so 

𝐵𝑎𝑏𝑜𝑣𝑒 − 𝐵𝑏𝑒𝑙𝑜𝑤 = 0

𝐵𝑎𝑏𝑜𝑣𝑒 = 𝐵𝑏𝑒𝑙𝑜𝑤

It is proved that perpendicular components of magnetic fields are 
continuous.

For perpendicular components of Magnetic 
Field



Boundary conditions for parallel components 
components of Magnetic Field

h



Using the Ampere’s Law

 𝐵. 𝑑 𝑙 =  𝐵. 𝑑 𝑙 + 𝐵. 𝑑 𝑙 +  𝐵. 𝑑 𝑙 = 𝜇0𝐼𝑒𝑛𝑐

 𝐵. 𝑑  𝑎 =  𝐵𝑎𝑏𝑜𝑣𝑒𝑑𝑙 −  𝐵𝑏𝑒𝑙𝑜𝑤𝑑𝑙 +  𝐵. 𝑑 𝑙 = 𝜇0𝐼𝑒𝑛𝑐

Last term  𝐵. 𝑑 𝑙 goes to zero because height of amperian loop approaches to 
zero

𝐵𝑎𝑏𝑜𝑣𝑒  𝑑𝑙 − 𝐵𝑏𝑒𝑙𝑜𝑤  𝑑𝑙 = 𝑙 𝐵𝑎𝑏𝑜𝑣𝑒 − 𝐵𝑏𝑒𝑙𝑜𝑤 = 𝜇0𝐼𝑒𝑛𝑐

Where 𝐼𝑒𝑛 = 𝐾𝐿 and L is length of Amperian loop

Boundary conditions for parallel components 
components of Magnetic Field
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𝑙 𝐵𝑎𝑏𝑜𝑣𝑒 − 𝐵𝑏𝑒𝑙𝑜𝑤 = 𝜇0𝐾𝑙

𝐵𝑎𝑏𝑜𝑣𝑒 − 𝐵𝑏𝑒𝑙𝑜𝑤 = 𝜇0𝐾

𝐵𝑎𝑏𝑜𝑣𝑒 − 𝐵𝑏𝑒𝑙𝑜𝑤 = 𝜇0𝐾

𝐵𝑎𝑏𝑜𝑣𝑒 − 𝐵𝑏𝑒𝑙𝑜𝑤 = 𝜇0(𝐾 ×  𝑛)

Where  𝑛 is the unit vector perpendicular to the surface pointing upward.

Boundary conditions for parallel components 
components of Magnetic Field



Multipole Expansion of the vector potential

• We want to find out the approximate

formula for magnetic vector potential

at very large distances 𝑟 due to this

current distribution.(fig.5.51)

• Inverse of Separation vector can be written

in terms of Legendre Polynomials.

(see section 3.4.1)
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Legendre Polynomial terms



Multipole Expansion of the vector potential



Magnetic Mono Pole Term

Magnetic Dipole Pole Term

Multipole Expansion of the vector potential



Mono Pole Term



Magnetic Moment and Magnetic Vector 
Potential

Where a is vector
area of loop.

 𝒓. 𝒓′ = 𝒓′𝒄𝒐𝒔𝜽′

Where


