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We simplify the 8-winding as 8-loop square coils where at the same center as 

illustrated as Figure A.1.  

 

Figure A-1: A schematic representation of the eight-loop square coils. 

 

According to Biot-Savart's law, the magnetic field dB at any point P due to element dl 

of a current-carrying wire is given by: 
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In this case, dl is the vector of the current element in the direction of current flow into 

the square-shaped conductor (Figure A-2(a)), and r is the vector of the distant point as 

shown in Figure A-2(b). So, magnetic field at that point P is determined by:                               

 

 

 

 

 

 

 

 

 

 

 

 

(a)                                (b) 

Figure A-2: (a) Current I flow through a single square-shape loop, and (b) the current 

element dI flow through a segment of conducting line.  

 

 

The current element (dI) flowed through a segment of dl is displayed as follows: 
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The quantities of 𝑟 and |𝑟| is then calculated as 
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Therefore, the outer product of d𝑙 × 𝑟 is calculated as 
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Substituting Eqs.(A-4) and (A-5) into Eq.(A-1), that can be obtained as 
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Here, xi represents as x or y. Eq.(A-6) is also expressed as follows: 
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Suppose             and differentiating both sides of the equation, we can get 
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Substituting Eq.(A-8) into Eq.(A-7), and then Eq.(A-7) can be obtained as 
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(A-9) 

Eq.(A-9) can be simplified as 
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Eq.(A-10) can integrated as bellows: 
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Because of 
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The formula to calculate the magnetic field at any particular point on the of the eight 

square-shape loops of side length li and current carrying I, at a point P far from it at a 

distance z-axis is given by: 
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