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PROBLEM SET B:   LAPLACE EQUATION 
 

PROBLEM B.1 (Cylindrical Surface Charge) 

We assume a cylindrical surface infinite along   axis with circular 

cross section of radius  . Onto this surface, we impose a surface 

charge density         , where   is the azimuthal angle. The 

permittivity equals    both inside and outside the cylinder as shown in 

the related figure. (a) Write down the general form of the electrostatic 

potential  (   ) at both the interior (     ) and the exterior 

region (   ). (b) Find the exact expression of the electrostatic 

potential into both regions. (c) Sketch the contour plot of the quantity 

 (   ) for       and       ,       . 

 

PROBLEM B.2 (Cartesian Structure) 

Consider the two-dimensional Cartesian structure depicted in 

the related figure occupying the rectangular region 

{            } which is vacuum (permittivity   ). At 

   , the electrostatic potential  (   ) possesses the form:  

 (   )       (
   

 
). Similarly,  (   )       (

  

  
), while 

along the surface    , a Dirichlet ( (   )   ) and along the 

surface     a Neumann (
  (   )

  
  ) boundary condition is 

imposed. (a) Find the explicit form for the electrostatic potential  (   ) in the considered region. (b)  Sketch the 

contour plot of the quantity  (   ) for   
 

 
     and        into the rectangular region. 

 

PROBLEM B.3 (Non-Entire Cylindrical Structure) 

We assume the non-entire cylindrical configuration of the related figure 

(           
 

 
). A Neumann boundary condition is imposed at 

    surface and a Dirichlet at   
 

 
. Along the rounded surfaces, we 

have the following inhomogeneous boundary conditions:  (   )  

       and  (   )         . Determine the explicit form for the 

electrostatic potential  (   ) within the considered region. 
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PROBLEM B.4 (Effect of Conducting Surfaces) 

Let us study how conducting surfaces perturb the magnitude of the electric field by a monopole (point charge  ). 

In the related figure, the situation (I) shows the monopole in empty space, causing an electric field    at distance 

  down the charge. In case (II), a conducting plane is brought at the distance  , and the field at the same point 

(which is on the conducting surface) is now    . Finally, in the (III) case, there is a grounded conducting sphere 

with the closest distance   from the monopole, and we analyze the field at the same point as before,     , now on 

the surface of the sphere. Find the relative magnitudes of the fields, in other words |   | |  | and  |    | |  |. What 

is the direction of the field vector in each case? 

 


