EC 233 ELECTROMAGNETIC FIELDS
(ECE III SEMESTER)

UNIT III – ELECTRIC FIELD IN DIELECTRICS
2  MARKS QUESTION & ANSWERS

1. What are a conductor and an insulator?



Conductor is one in which the outer electrons of an atom are easily detachable and will migrate with the application of even a weak electric field.  An insulator or dielectric on the other hand is one in which the electrons are rigidly bound to their nucleus so that ordinary field will not be able to detach them.

2. What is polarization?



The application of electric field in a dielectric cannot make any electrons move, but will twist and strain the molecules to orient the positive charges in the direction of the field and the negative charges oppositely.  This condition is called polarization.



Polarization is also defined as the dipole moment per unit volume.
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Where, Q is the magnitude of the net charge on one of the sides of dielectric.

        l is the length of the dielectric material.


       A is the area of the surface of dielectric material.

3. Explain the two categories of dielectrics.


There are two main categories of dielectric materials.  In the first category, the positive and negative elements in the uncharged condition are so close to each other.  The application of an electric field will shift the positive and negative charges slightly within the molecules to give rise to a dipole.  A dipole is a pair of equal and opposite charges separated by a very small distance.



In the other category, the molecules form dipoles even in the absence of an electric field.  Such dielectrics are called polar dielectrics.  (Eg: Water, Ammonia, ether, etc.,).

4. What is displacement current?



In a dielectric material, in the absence of the field, the dipoles are in random directions.  But when the field is applied the dipoles get aligned in the direction of the field.  This shift of dipoles in the dielectric results in an instantaneous current called the displacement current which ceases in a very small fraction of a second.

5. Define dipole moment.



The product of the magnitude of net charge in a dielectric and the length of the dielectric material is called the dipole moment.



Net dipole moment = Ql 

6. What is dielectric susceptibility?



The ratio of polarization in a dielectric material to the internal electric field developed in the dielectric material is called dielectric susceptibility.
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7. What is relative permittivity?



Relative permittivity is the ratio of permittivity of any dielectric with that of vaccum.
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where (0 = 8.854 x 10-12 F/m

8. Express polarization in terms of internal and applied field.



The polarization is equal to the difference between the applied and internal field multiplied by the permittivity of free space.
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9. Give the boundary conditions in a dielectric material.
a) The normal component of electric flux density across the charge free interface between the two media is continuous, that is the number of lines of displacement flux entering one face are the same as are leaving the other face.
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b) The tangential components of the fields E1 and E2 at the boundary are equal.  In other words the tangential component of field E is continuous at the boundary.
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c) The line of E and D will be refracted when passing from medium 1 to medium 2.
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10. Describe a capacitor.



A capacitor is an electrical device composed of two conductors which are separated through a dielectric medium and which can store equal and opposite charges independently whether other conductors in the system are charged or not.

11. Explain briefly the drift velocity.



Consider the charges in a liquid or gas.  These collide repeatedly with particles in the medium, resulting in random changes in direction.  But for constant electric field E and a homogeneous medium, the random velocity components cancel out, leaving a constant average velocity known as the drift velocity U along the direction of E.  The drift velocity is directly proportional to the electric field intensity.
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where ( is the mobility (m2/Vs).
12. Give the expression for the point form of Ohm’s law.


The conduction current density is the product of conductivity (() with the electric field intensity (E).
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This equation is referred as the point form of Ohm’s law.

13. Define conductivity.



Conductivity is the product of the charge density of the electrons free to move, (e and their mobility (e.
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Conductivity is also defined as the current density per unit electric field.
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14. Give the expression for the integral form of Ohm’s law.



The Ohm’s law in integral form is 
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15. Give the equation of continuity for current.


The equation of continuity for current is,
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16. What is the capacitance of a parallel plate capacitor?



The capacitance of a parallel plate capacitor is given by,
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where (0 is the permittivity of free space,


     (r is the relative permittivity,


     A is the area of one of the plate, and


     d is the distance of separation between the plates.
17. Give the expression for capacitance of a parallel plate capacitor with two dielectric media and three dielectric media.


For two dielectric media,
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where A is the area of one of the plate,



d1 is the width of one of the dielectric and d is the total distance between 


the plates.



For three dielectric media,
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where d1, d2 and d3 are the width of respective dielectric media.
18. Give the expression for capacitance of an isolated sphere and for concentric spheres.



For an isolated sphere,
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where r is the radius of the sphere.



For concentric spheres,
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where b is the radius of outer sphere and a is the radius of inner sphere.

19. Give the expression for capacitance of a co-axial cable.



The capacitance of a co-axial cable is 
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where, b is the radius of outer cable and a is the radius of the inner cable.

20. What is the energy stored in a capacitor and give the expression for energy density?



The capacitor stores the electrostatic energy equal to work done to build up the charge.  The energy stored is given by,
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The energy density is nothing but the energy stored per unit volume.
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where, E is the electric field applied and v is the volume.
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