
Lecture 20: Magnetostatics 

Magnetic flux density, magnetic Scalar and vector 
potential, applications, Chapter 7, pages 301-310, 

312-316 
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Magnetic Flux Density B 

similar to the electrostatics case, the 

magnetic flux density B is a 

function of both magnetic field 

intensity and the material 

   B=H  Wb/m2 

where  is the permeability of the 

medium 
 

for free space = o= 410-7 H/m 

 

magnetic flux lines are lines in the 

direction of the field B  
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Magnetic Flux 

the magnetic flux through a surface is given by 
 

                                      Wb 
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because magnetic field lines are closed lines, we 

have 

 

 

applying divergence theorem, we get 
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B magnetic field has a zero divergence! 



Magnetic Flux (Cont’d) 
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magnetic charges have not been discovered! 



Magnetic Flux (Cont’d) 
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single magnetic poles have not been discovered either! 



Maxwell’s Equations for Static Fields 
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Integral form 



Magnetic Scalar Potential 

In regions with no current, we have  
 

in this case, we can define the magnetic scalar potential 

 
 

just like the scalar electric potential, the magnetic scalar potential 

satisfies Laplace equation  

 
 

this scalar potential is not widely used in driving magnetic field 

solutions as the magnetic vector potential 

@Copyright Dr. Mohamed Bakr, EE 2FH3, 2014 
 

( )  H  0

mV H

2 0, ( )m    V   J 0



Magnetic Vector Potential 
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the magnetic flux density B can be represented as the curl the 

magnetic vector potential A 
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this can be proven using the Biot-Savart law 
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we can show that 



Magnetic Vector Potential (Cont’d) 
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Magnetic Vector Potential (Cont’d) 
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curl operator does not depend on the point of integration 
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using the vector identity 



Magnetic Vector Potential (Cont’d) 
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magnetic vector potential due to line currents 

analogous expressions are obtained for surface and volume current 

distributions 
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Magnetic Flux 
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flux through open surface and A 
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flux through a closed surface 


