EE 231 ELECTROMAGNETIC THEORY (EEE III SEMESTER)

UNIT IV – ELECTROMAGNETIC FIELDS
UNIT V – ELECTROMAGNETIC WAVES
2 MARKS QUESTION & ANSWERS

1. What is an emf?

An electro-motive force is a voltage that arises from conductors moving in a magnetic field or from changing magnetic fields.

2. State Faraday’s law.

Faraday’s law states that, the total emf induced in a closed circuit is 

equal to the time rate of decrease of the total magnetic flux linking the circuit.




[image: image1.wmf]dt

d

e

f

-

=


V
3. State Lenz’s law.

The Lenz’s law states that, the induced current in the loop is always in such a direction as to produce flux opposing the change in flux density.

4. Explain briefly the different types of emf’s produced in a conductor placed in a magnetic field.



There are two ways in which we can induce emf in a conductor.  If a moving conductor is placed in a static magnetic field then the emf produced in the conductor is called dynamically induced emf.  If the stationary conductor is placed in a time varying magnetic field, then the emf produced is called statically induced emf.

5. Give the Maxwell’s equation – I in both integral form and point form.



Maxwell’s equation – I is derived from the Ampere’s circuital law which states that the line integral of magnetic field intensity H on any closed path is equal to the current enclosed by that path.
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Maxwell’s equation – I in integral form is
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Maxwell’s equation – I in point form is
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The magneto motive force around a closed path is equal to the sum of the conduction current and displacement current enclosed by the path.
6. Give the Maxwell’s equation – II in both integral form and point form.



Maxwell’s equation – II is derived from Faraday’s law which states that the emf induced in a circuit is equal to the rate of decrease of the magnetic flux linkage in the circuit.






[image: image5.wmf]dt

d

e

f

-

=


Maxwell’s equation - II in integral form is
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Maxwell’s equation – II in point form is 
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The electro motive force around a closed path is equal to the magnetic displacement (flux density) through that closed path.

7. Give the Maxwell’s equation – III in both integral form and point form.



The Maxwell’s equation – III is derived from electric Gauss’s law which states that the electric flux through any closed surface is equal to the charge enclosed by the surface.
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Maxwell’s equation – III in integral form is
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Maxwell’s equation – III in point form is 
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The total electric displacement through the surface enclosing a volume is equal to the total charge within the volume.

8. Give the Maxwell’s equation – IV in both integral form and point form.



Maxwell’s equation – IV is derived from magnetic Gauss’s law which states that, the total magnetic flux through any closed surface is equal to zero.
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Maxwell’s equation – IV in integral form is
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Maxwell’s equation – IV in point form is
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The net magnetic flux emerging through any closed surface is zero.

9. Distinguish between the conduction current and displacement current.



Conduction current Ic is flowing through a conductor having resistance R, when potential V is applied across the conductor.
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Displacement current ID is flowing through a capacitor when ac voltage is applied across the capacitor.
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10. What is Eddy current and Eddy current loss?



In electrical machines, the alternating magnetic fields induce emf in the cores also apart from the coil.  This small amount of emf induced in the core circulates current in the core.  This current is called eddy current and the power loss, which appears in the form of heat, due to these eddy currents is called eddy current loss.

11. Give the wave equation in terms of electric field and magnetic field.



The electromagnetic wave equation in terms of electric field is,
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The electromagnetic wave equation in terms of magnetic field is,






[image: image17.wmf]0

2

2

2

=

¶

¶

-

¶

¶

-

Ñ

t

H

t

H

H

me

ms


12. Give the wave equation in free space.



The wave equation in free space in terms of electric field is,
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The wave equation in free space in terms of magnetic field is,
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13. List out the properties of a uniform plane wave.



If the plane of wave is the same for all points on a plane surface, it is called plane wave.  If the amplitude is also constant in a plane wave, it is called uniform plane wave.  The properties of uniform plane waves are:

a) At every point in space, E and H are perpendicular to each other and to the direction of travel.

b) The fields vary with time at the same frequency, everywhere in space.

c) Each field has the same direction, magnitudes and phase at every point in any plane perpendicular to the direction of wave travel.

14. Give the expression for the characteristic impedance of the wave.



The characteristic impedance or intrinsic impedance is the ratio of the electric field intensity to the magnetic field intensity.
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where, ( is the permeability of the medium and ε is the permittivity of the medium.

15. What is Vector Helmholtz equation.



The wave equation in lossless medium in phasor form is called the vector Helmholtz equation.
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16. Give the wave equation for a conducting medium.



The wave equation for a conducting medium in phasor form is given as,
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17. What is skin effect and skin depth?



In a good conductor the wave is attenuated as it progresses.  At higher frequencies the rate of attenuation is very large, and the wave may penetrate only a very short distance before being reduced to a small value.  This effect is called skin effect.



The skin depth (() is defined as that depth in which the wave has been attenuated to 1/e or approximately 37% of its original value.  It is also known as depth of penetration.
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where ( is the attenuation constant,
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18. Give the expression for attenuation constant and phase shift constant for a wave propagating in a conducting medium.



The attenuation constant for a wave propagating in a conducting medium is,
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The phase shift constant for a wave propagating in a conducting medium is,
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19. Give the expression for the velocity of propagation of a wave in any medium.



The velocity of propagation of a wave in any medium is,
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where ( is the angular velocity and ( is the phase shift.
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