EE 231 ELECTROMAGNETIC THEORY (EEE III SEMESTER)

UNIT I & II – GENERAL PRINCIPLES AND ELECTROSTATICS
2 MARKS QUESTION & ANSWERS
1. Define Scalar and Vector and give examples.


A scalar is a quantity that is completely characterized by its magnitude and algebraic sign.  Eg.  Mass, Work, etc.  A Vector is a quantity that is completely characterized by its magnitude and direction.  Eg.  Force, Displacement, etc.

2. Give the types of vectors with examples.


There are two types of Vectors: Localized vectors and free vectors.  Localized vectors are those for which the point at which the vector acts should also be specified whereas free vectors doesn’t have such restriction.  Eg.  Force (Localized), Couple (Free).

3. What are a scalar field and a vector field? 


If at each point in a region any physical function has some value, then the region is called a field.  If the value of the physical function at each point is a scalar quantity, then the field is a scalar field.

4. Briefly explain the sources of electromagnetic fields.


Whenever there is a flow of current in a conductor, magnetic field is produced around the conductor which is an electromagnetic field.  Conversely if a conductor is made to move in a magnetic field, there is a rate of change of flux over the conductor, which according to electromagnetic laws of induction, produces emf and hence current through the conductor.  This again constitutes an electromagnetic field.

5. What are the types of charges?


There are two kinds of static charges, one called positive and another negative.  Two bodies carrying like charges repel each other, whereas two bodies carrying unlike charges attract each other.

6. State Coulomb’s law.


Coulombs’ law states that the force between two point charges is directly proportional to the product of magnitudes of the charges and inversely proportional to the square of the distances between the charges.  The force is also dependent upon the medium in which the charge is placed.
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where Q1, Q2 are point charges.

r – is the distance between two charges.

K – is a constant of proportionality and it depends on permittivity of the medium and is given by,
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ε0 = 8.854 x 10-12 F/m


k = 9 x 109 m/F

7. What is superposition of forces?


The force on a charge in the presence of several other charges is the vector sum of the forces on that charge due to each of the other charges acting alone.  This is called law of superposition.


The force on the charge at ‘a’ due to n charges can be expressed as




[image: image3.wmf]å

=

=

=

n

k

k

ak

a

F

F

1

  N
Fak is the component force of the resultant Fa on charge Qa due to any charge Qk and is given by
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where Rak being distance between the charges Qk and Qa
aak is the unit vector along the direction of vector drawn from charge Qa towards the charge Qk.

8. Give the expression for Electric Field intensity due to point charge.


The magnitude of the Electric field intensity at any point is measured by the force per unit charge at that point.  If Q1 is the charge for which electric field is to be determined and Qt is the test charge, then Electric field intensity is 
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9. Give the expression for Electric Field intensity due to several point charges.

Electric field intensity at a point will be the vector  sum of the electric field intensities due to each charge acting alone.
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10. What are Electric Field intensities due to continuous line, surface and volume charge distributions?


Electric field intensities due to continuous line charge distribution is
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Electric field intensities due to continuous surface charge distribution is
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Electric field intensities due to continuous volume charge distribution is
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In the above expressions ρl, ρs, ρv are the line, surface and volume charge densities respectively, r is the distance between the charge and the point in the field and ar  is the unit vector in that direction.  ε0  is the permittivity of free space.
11. What are Electric Flux and Electric Flux Density?


Any charge Q will have an electric field around it.  If a test charge is brought near it, the test charge experiences force.  The lines drawn to trace the direction in which a positive test charge will experience force due to the main charge are called the lines of force or Electric Flux.


The product of the Electric field intensity and permittivity of the medium is called the Electric Flux Density ‘D’.
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12. State Gauss’s law and give expression.

The Gauss’s law states that the surface integral of the Electric field vector E over any closed surface in free space is given by Q/ε0, where Q is the total charge enclosed by the surface.
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13. What is Electric potential?


The Electric potential is a scalar quantity and is found to be equal to the work done per unit charge in moving a test charge against the field from a reference point, say from infinity to its final position.
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14. Give the Laplace equation in Cartesian, Cylindrical and Spherical co-ordinate systems.


Laplace Equation in Cartesian co-ordinates
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Laplace Equation in Cylindrical co-ordinates
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Laplace Equation in Spherical co-ordinates
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15. Give the Poisson’s equation in Cartesian, Cylindrical and Spherical co-ordinate systems.


Poisson Equation in Cartesian co-ordinates
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Poisson Equation in Cylindrical co-ordinates




[image: image18.wmf]e

r

f

-

=

¶

¶

+

¶

¶

+

¶

¶

¶

¶

=

Ñ

2

2

2

2

2

2

1

)

(

1

z

V

V

r

r

V

r

r

r

V



Poisson Equation in Spherical co-ordinates
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16. State the Mean value theorem and Maximum value theorem.


Mean value theorem states that at the center of an included circle or sphere, the potential V is equal to the average of the values it assumes on the circle or sphere.


Maximum value theorem states that the potential V cannot have a maximum or a minimum within the region.  Then the Cartesian components of the electric field intensity take their maximum values on the boundary.

17. Give the expression for Electrostatic energy.


Let WE be the energy stored in static electric field of charge distribution.  If the field has ‘n’ point charges, then
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where Qm is the charge of mth point charge and Vm is the potential at point ‘m’.

18. What is a parallel plate capacitor?


A parallel plate capacitor is a capacitor with two parallel conducting plates separated by a distance ‘d’.  The region between the plates contains a dielectric.  When a potential V is applied the positive charges get stored in the upper plate and negative charges get stored in the lower plates.
19. What is Capacitance?  Give expression.


The ratio of the absolute value of the charge to the absolute value of the voltage difference is defined as the capacitance of the system.
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20. Derive the expression for the Capacitance of a parallel plate capacitor.


In a parallel plate capacitor when voltage ‘V’ is applied across the plates the positive charges get stored on the upper plate and negative charges get stored  on the lower plate.  Let +Q be the total charge on the upper plate and –Q be on the lower plate.  The charge density is 
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