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Consider a parallel structure of plates that run along the yz-plane. The structure is consisted of the 
following layers. 

 Left conductor at potential V0 for 0 < x < a 
 Air gap with dielectric strength Eds (V/m) for a < x < b 
 Middle conductor that is neutral for b < x < c 
 Dielectric with relative permittivity r for c < x < d 
 Right conductor grounded to zero potential for d < x < e. 

 
(a) Using the Laplace’s equation, find the potential V(x) for a < x < b and c < x < d in terms of the voltage 

m for the middle conductor. 
 

(b) Find the electric field E(x) for 0 < x < e.  Then, sketch the magnitude E as a function of x. 
 

(c) Find the surface charge densities on the two sides of the middle conductor. Then, find the potential m 
of the middle conductor? 
 

(d) Assuming the area of the plates is A. Find the capacitance (i) using circuit theory and (ii) using the 
above derivation. 

 
(e) To avoid breakdown in air, what is the maximum allowed voltage for V0? 

[Note: Breakdown can occur in the dielectric too.] 
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