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Assignment 

on 

Dielectric Properties of Matter 

------------------------------------------------------------------------------- 
Course of Study: Electric Field in matter. Polarization, Polarization Charges. 
Electrical Susceptibility and Dielectric Constant. Capacitor (parallel plate, spherical, 
cylindrical) filled with dielectric. Displacement vector D. Relations between E, P and 
D. Gauss’ Law in dielectrics. 

--------------------------------------------------------------------- 

1. What is a dielectric? Give two examples of dielectric materials.  (2) 

2. What do you mean by polar and non-polar dielectrics? Give two examples of 

each.                  (2, 2) 

3. What is dielectric constant of a material? What is its value for a conductor? 

 (2) 

4.  Explain physically what is meant by polarization of a dielectric.                (2) 

5. What are polarization charges? Why are these called bound charges?       (2, 1) 

6. Show that the potential at any external point due to a polarized dielectric 

may be considered as due to a certain surface and volume distribution of 

charges.              (4)   

7. Define polarization.                                  (2) 

8. If a dielectric material is placed in an external electric field, the field inside it 

becomes less than the external field. Give its proper explanation.   (2)  

9. Write down differential form of Gauss’s law in dielectrics.                            (2) 

10. Establish the relation, DPE


0        (2)  

11. What do you mean by polarizability of a molecule?      (2) 

12. Write the Clausius-Mossotti relation for non-polar solution. What is the 

importance of this equation?                 (2, 2) 

13. Show that the polarization of a dielectric medium gives rise to a volume 

density of charge PP


 and a surface density of charge nPP

ˆ


 .  (5) 

14. The interior of a cylinder defined by x2 + y2 = r2, z = 0, z = h is occupied by a 

dielectric material with polarization jyixP ˆˆ 22 


. Find the volume and 

surface densities of polarization charges.      (4) 
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15. Dielectric constant of water is 80. What is its electric permittivity?    (2)           

16. What is electrical susceptibility?        (2) 

17. Establish the relationship between electrical susceptibility and dielectric 

constant of a material?         (3) 

18. What is the physical significance of electrical susceptibility of a material?   (2) 

19. A sphere of radius R, centered at the origin, carries a polarization of rkP


 , 

where k is a constant. Calculate the bound charge density. Calculate the 

electric field both inside and outside the sphere due to bound charges.        (5) 

20. When a neutral dielectric is polarized, the volume and surface charges appear 

due to polarization. Show that, in spite of this fact, the total charge remains 

zero.            (2) 

21. The dielectric constant of a monatomic gas at NTP is 1.000538. If the gas is 

placed in an electric field of 30 kV/m, find the induced dipole moment of an 

atom.           (3) 

22. Find the boundary conditions prevailing at the interface of two dielectrics, 

assuming no free charge to be present.               (4, 4) 

23. A uniform electric field 2 V/m exists in a medium of dielectric constant 3. 

What is the energy density stored in the field?    (2)              

24. Obtain the form of Gauss’s law in a dielectric medium.   (5) 

25. A small spherical cavity is made in a dielectric where the electric field E


 is 

uniform. If P


 be the uniform polarization in the dielectric, show that the 

electric field at the centre of the cavity is
03


P

EEC




.    (5) 

26. A conducting sphere of radius a carries a charge q. It is coated with a linear 

dielectric material of permittivity  out to a radius b. Find the potential at the 

centre of the conductor.         (4)           

27. What do you mean by capacitance of a conductor?     (2) 

28. Obtain the dimensions of capacitance.       (2) 

29. What are the factors that affect the capacitance of a conductor?    (3) 

30. What do you mean by capacitor?       (2) 

31. Obtain an expression for the energy stored in a capacitor of capacitance C 

charged with potential .        (3) 
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32. Two identical long parallel cylindrical conductors of radius a are spaced d 

apart. Determine the capacitance per unit length between them, assume d >> 

a.            (4) 

33. Using Laplace’s equation find the capacitance of a parallel plate capacitor.  (4) 

34. A cylindrical capacitor consists of two co-axial cylinders of radius a and b and 

length l. Show that its capacitance is
 ab
l

C
e /log

2 0


.                  (4) 

35. Show that the capacitance of a parallel plate capacitor does not change when 

a thin conducting plate is inserted parallelly halfway between the plates.  (3) 

36. Two capacitors with capacitance C  and C2  are connected in parallel and the 

combination is charged to a potential . The battery is then disconnected and 

a dielectric slab of dielectric constant r  is introduced between the plates of 

the first capacitor. Find the potential difference between the terminals of the 

combination.         (4) 

37. Capacitance of each of two identical capacitors isC . One of them is charged to 

a potential 1  and the other is charged to a potential 2 . The negative plates of 

the capacitor are now connected by a wire and the positive plates are 

connected by another wire. If 21    find the amount of energy loss.  (4) 

38. A p. d. of 400 V is applied across the series combination of two capacitors 

F 10  and F 30 . Find the p. d. across the F 10  capacitor and also the energy 

stored in it.                        (4) 

39. Deduce an expression for the capacitance of a parallel plate capacitor. How 

will be modified when the gap between the plates is filled with dielectric?  

   (3, 2) 

40. Deduce an expression for capacitance of a spherical capacitor formed with 

two concentric spheres of radii a and b  ab  . Given that the outer sphere is 

grounded and the inner sphere is charged.       (4) 

41. Deduce an expression for capacitance of a spherical capacitor formed with 

two concentric spheres of radii a and b  ab  . Given that the inner sphere is 

grounded and the outer sphere is charged.       (4) 

42. Is it possible to charge a capacitor to any potential? Explain your answer.   (2) 
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43. Calculate the force of attraction between the plates of a parallel plate 

capacitor. Given, area of each plate is  , separation between the plates is 

d and the space between the plates is filled with a dielectric of dielectric 

constant r .          (3) 

44. Two capacitors FC  11   and FC  22  are connected in series. Maximum 

effective potential difference of 1C  and 2C  are respectively kV 4  and kV 3 . 

What maximum potential difference may be applied to the ends of the series 

combination?                       (4) 

45. Capacitance of each of the capacitors in the circuit 

shown in the adjoining figure is C. Find the 

equivalent capacitance between the points P  and 

Q .           (4) 

46. Two identical metal plates are charged with 1Q  

and 2Q   21 QQ  . The plates are brought closer and a capacitor is formed. 

Calculate their potential difference.                    (3) 

47. Consider a parallel plate capacitor of plate separation d . Length and breadth 

of each plate are respectively l andw .  A dielectric slab of permittivity , 

thickness d , breadth w  and length l  is partially inserted between the plates. 

The plates are kept at a constant potential difference . If x   is the length of 

the dielectric slab remaining between the plates, determine the force exerted 

on the slab.          (4) 

48. The plates of a capacitor are squares, each of side length l . The plates are 

inclined to each other at an angle . The smallest distance between the plates 

isa . Calculate the capacitance of the capacitor assuming  to be small.  (4) 

49. The distance between the plates of a parallel plate air capacitor isd . A 

dielectric slab of thickness x is introduced in the air gap. Show that the 

capacitance of the capacitor will be doubled if the dielectric constant of the 

slab is
dx

x
K




2

2
.                       (4) 

50. Explain the terms ‘dielectric strength’ and ‘dielectric breakdown’.            (2, 2) 

-------------------------------- 

 


