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Magnetostatic field of a line current and a planar surface current  
 

Consider an infinite line current of intensity   (measured in Ampere) polarized along   axis into 

vacuum. The following figure shows the physical configuration of the considered structure: 

 

We choose a closed loop of arbitrary radius   denoted by    , centralized along the cylinder’s axis. Note that the 

elementary vector length equals:         . Due to cylindrical symmetry and infinite dimension along   axis, 

we adopt the following form for the unknown magnetic field                . The Ampere’a law is written as 

follows: 
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Consequently, the explicit form of the magnetostatic field reads: 
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As a next step, we consider a surface current on the    plane with homogeneous density       

polarized along   axis depicted in the figure below. The general form of the magnetic field: 

 Should not have a   component since it is comprised by an infinite number of filamentary current as 

shown in the figure below. 

 Has only an   component due to the infinite dimension along   axis and the homogeneous current 

distribution. As shown in the figure below, the (representative) two sources of equal distance from the 

observation point produce magnetic field of the same magnitude and cooperate each other to form an  -

polarized magnetic field. 

 Due to the infinite nature of the structure, we should not have dependence on geometrical coordinates 

   . 

 There is a symmetry with respect to plane     but with an opposite direction. 
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Therefore, the general form to be adopted 

                   (3) 

 

Now we are ready to apply Ampere’s law. Due to the form of the field, we choose a rectangular closed loop of 

horizontal length   and vertical thickness   . The current that passes through the loop    , as shown in the 

figure below, equals    .  

 

By applying the Amperes law, we obtain: 
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The final expression is written as: 
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Mind that, surprisingly, the magnitude is not dependent on distance  . This is due to the infinite dimension of the 

source along   axis. When one moves to points with larger    , the magnetic field magnitude of each of the 

dipole gets smaller BUT NOT the vectorial sum of them!    


