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SUPPORTING INFORMATION 

 

Appendix B.  Electric potential due to the tessera itself 

 
Figure A1 A depiction of the electric potential at 'r  within an circular disk R . 

 

In this section we calculate the electric potential due to the surface element itself. 

The circular disk is depicted in Figure A1. Setting the circular disk with an area s  and 

the radius π/sR = . The surface charge iq  of tessera i can be approximately expressed as 

σ⋅= sqi  where σ  is the isodensity of surface charge. For the calculation of the 

electric potential at position 'r , with distance h from the origin, generated by the 

other continuous charges in the same tessera, the circular disk should be divided into 

two domains, the one is enveloped by the small solid circle with radius hR − , 

denoted by 1D , and the other is labeled by 2D  which included all the circular disk 

except 1D . With the approximation of isodensity of surface charge, the potential 

contributed from 1D  can be easily obtained, i.e.,  
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where x  is the distance to 'r . In order to integrate the potential produced by 2D , we 

should obtain firstly the length of arc L  which is the segment of dashing circle with a 

radius x from a  to b  in a clockwise direction. Making use of the cosine theorem, 
222 cos2 Rxhhx =−+ θ , the length of arc L  is given by 
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Integrating on 2D , the result can be given as 
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Combing eqns (B1) and (B3), the electric potential at position 'r  is given by 
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Equation (B4) can not be integrated analytically, but the numerical integration shows 

that the trend of )'(rϕ  varying with h  exhibits a linear decrease property from 0=h  

to Rh = . Therefore, it is reasonable to approximate )'(rϕ  with the linear 

interpolation method.  

 Application of eqn (B4) to the case of 0=h , the electric potential at the center of 

the tessera can be given as 
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The formula is identical with the result deduced from circular convex. The potential 

at the edge of circular disk, for the case of Rh = , equals to,  

 πσσϕ /44)( sRR ==  (B6) 

Employing linear interpolation method, )(hϕ  with h being the distance to can be written 

as 
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Combining the formulation )(r'ϕ  with sqi /=σ  and integrating over r' , we have 
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