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1. Consider a metallic wire encircled by a cylindrical conducting shell as shown below. The 

space between the wire and the shell is filled with a dielectric of permittivity ε1. The space 

outside the shell is another dielectric with permittivity ε2. 

(1) Initially, no charge is present. Find the electric field and potential distribution in the 

whole space. 

For (2) and (3), assume the wire is charged with infinite line charge density ρl. 

(2) Find the induced surface charge density on surfaces a and b. 

(3) Find the distribution of electric fields, electric flux density, potential, and polarization. 

 

 

2. A metallic cylinder is in the middle of a cylindrical core in metal bulk. 

 

(1) If the metallic cylinder is charged with surface charge density ρs, find the charge density 

on the cylindrical core. 

(2) Find the electric field, electric flux density, and potential distribution. 

(3) Calculate the capacitance. 
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3. A spherical dielectric core with permittivity  ( > 0) and radius Ri is coated with a 

thin metallic film with thickness d. Assume that a single charge Q is placed at the 

center of the dielectric core.  

 

(1) Calculate the distribution of an electric field and 

potential for r > 0.  

(2) What is the charge distribution? Consider all sorts 

of charges.  

 

Now, the single charge is replaced with a uniform 

volume charge density within a radius Ri such that the 

total charge is maintained to be equal to Q. 

 

(3) Calculate the distribution of an electric field and potential for r > 0.  

(4) Compare the maximum electric field and potential established in the dielectric 

core. How would you minimize the electric field inside the system by adjusting d 

when the total volume of metal is fixed?  

 

 

 

4. A spherical capacitor has a conducting core of radius a and a conductor shell of inner 

and outer radius b and c, respectively. The intermediate medium is filled as shown in 

the figure with two dielectric materials of permittivity ε1 and ε2. 

 

 

 

 

 

 

 

 

 

 

The core is biased at V0. 

(1) Calculate the electric field in the entire space. Plot the field variations along the 

paths A and B. 



(2) Calculate the electric flux density in the entire space. Plot the variations along the 

paths A and B. 

(3) Calculate the electrostatic potential in the entire space. Plot the variations along 

the paths A and B.  

(4) Calculate the polarization in the entire space. Plot the variations along the paths 

A and B. 

(5) Find the induced charge density on the inner and outer surfaces of the shell? 

(6) Find the capacitance of the capacitor. 

(7) Find the electrostatic energy stored in the capacitor. 

 

The conducting shell is now grounded. 

 

(8) Calculate the electric field in the entire space. Plot the field variations along the 

paths A. Compare with the results obtained in (1). 

(9) Calculate the electrostatic potential in the entire space. Plot the variations along 

the paths A. Compare with the results obtained in (2). 

(10) What is the ratio of the electrostatic energy when the shell is grounded vs. not 

grounded, i.e. W(shell grounded)/W(shell not grounded)? 

 

 

 

5. An infinitely wide dielectric slab of length L is interfaced with metallic plates as 

shown in the figure. The polarization in the dielectric slab is given by  

     222ˆ xLCxP 


, 

where C is a positive constant. Assume that the 

dielectric permittivity ε ~ ε0. 

 

(1) What are the charge densities in the dielectric slab? 

 

(2) Calculate the maximum electric field in the 

dielectric slab when both conductors are grounded. 

 

 

 

 



6. You have a cylindrical cable that encloses a surface charge (ρs: surface charge density) as 

shown below. The cable consists of double dielectric cylindrical shell layers separated by a 

metallic shell. The cable is deposited with a metal cover which is biased at zero potential. 

The radii of the shells are given in the figure. Please answer the following questions. 

 
(1) What would be an equivalent line charge density? 

(2) Find the distribution of electric field intensity, potential, and electric flux density.  

(3) Find the surface charge densities that may be present on the metal surface.  

(4) Find the capacitance per unit length of the inner and the outer dielectric shell.  

(5) What is the energy stored in the dielectric shell capacitors per unit length?  

(6) If the energy stored in the shell capacitors is identical, what is the relation between the 

radiuses? 

 

 

7. A spherical shell has the following cross-section, i.e., the inner metallic ball is biased at V0 

and the outer shell is grounded. There are two concentric dielectric shells with conductivity.  

. 

(1) Find potential and electric field distribution.  

(2) Find the current density and total current. 
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2, 2
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c



8. You are given a spherical metallic shell of inner and outer radius R1 and R2 (shell shown 

below). Only the upper hemisphere of the inner surface is charged with surface charge density 

s. 

 

(1) Use Coulomb’s Law to calculate the potential at the sphere center. 

(2) Calculate the electric field at the sphere center. 

 

 

 

9. You are given an extremely thin hemispherical shell of metal with radius R0. The 

hemispherical shell is charged with surface charge density . 

 

 

(1) What is the total charge Q? 

(2) Use Coulombs Law to calculate the electric field at the origin. 

(3) Use Coulombs Law to calculate the electrostatic potential at the origin. 

 

  



 

10. You have a pair of parallel cylindrical rods with radius a in air, as shown below. The rods are 

made of good conductor and separated by a center-to-center distance d (d >> a). Each rod is 

charged with surface charge density si (i = 1 and 2 for each rod). Rod 1 is biased at zero 

potential (V1 = 0). The origin y = 0 is referenced to the center of Rod 1. 

 

(1) Find the distribution of electric field intensity E in the yz plane. Plot |E| with respect to 

y. 

(2) Find the distribution of electrostatic potential V in the yz plane. Plot V with respect to y.  

(3) Find the distribution of electric flux density D and polarization P in the yz plane. 

(4) If we define coefficients of potential such that  

∙ , 

find pij from the results found above. 

 

 


