
EASTERN UNIVERSITY, SRI LANKA

SECOND YEAR SECOND SEMESTER EXAMINATION IN SCIENCE -
2020/2021,

(Feb['Iat .-20241

PHilAilLELECTROMAGNETIC PHENOMENA -.

Time: 02 hours

Answer AtL Questions : :'

You may find the following information useful.

o The vector identities

V (.,d * F) = d.(V",.4) -i (V* F)

i Ua) = f. (v.d) + n F r) 
'n*fi'

V x(V'd)=V.(V.i)*v'i

V x V1 : o, where / is a scalar function.

. Gauss divergence theorem

( .- f - +O A.da-l Y.AdrJs Jv

r Strokes theorem

f, ir, = I, F* i)da :

The symbols have their usual meaning.
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1. (a) Derive the first Maxwell's equation of the electromagnetic fieldirl
l

free space

oV.E=:
tg

on the basis of Gauss's theorem in electrostatics. (20 marks)

(b) Derive the second Maxwell's equation of the electromagnetic field

VIF - o

on the basis of Biot-savart law for magnetic field. , 
(30 marks

(c) State the Farad,ay's law of electromagnetic induction, and henc

derive the third Maxwell's equation of the eleckomagnetic field

Vxd =-#
(20 mark

(rJ) State the Ampere's circuital law, and hence derive the complete

form of the fourth Maxwell's equation of the electromagnetic field i

free sPace 
_ l\hx| (' at=lroV*^a)

where the term ur# refers to the displacement current density'

(30 martr
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Starting from the Maxwell's equations obtain the wave equation for

the electric field and show that the velocity c of an electromagnetic

wave in free space is given by;

cz soPto = 1

where €s and po are the electric permittivity and mafinetic

permeability of free space respectively. (40 marks)

The electric and magnetic components of a plane electromagnetic

wave travelling in vacuum is described by;

E = Eoei(at'kz)i

E = Boet(ut-kz)i 
'

where k is the wave vector, or is the angular frequency of the ffi
andiandiaretheunitvectorsalongr-andy-axisrespective1y.

Using the appropriate Maxwell's equation show that

Eoa
Bo k'

(60 marks)

The electric field f ir'r a matter satisfies the following wave equation

iE a2E
VrE = p"; * pe 

at,

Consider the solution of the above equatiotr ur E = Eor'@t-kx), where

the symbols have their usual meaning.
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Show that k and at

Consider the electric

gas with E = eo and

i. Show that the dispersion relation becomes as

where, arris the frequency of ionized gas'

Find the frequency of the ionized gas'

Determine the refractive index of the medium, when the el

concentrationis 2.5 x 1g1o *-3 andthefrequencyof waveis3

Here, the symbols have their usual meaning'

(75 mar

4.

(a)State the domain theory of ferromagnetic materials, which res

to an aPPlied magnetic field'

sketch a hysteresis loop traced out by magnetization of

ferromagnetic material as the applied rnagnetic field is cycled'

the following characteristic points: (i) Saturation magnettzatran' (iil

Residual magnetization, (iii) Coercivity in the hysteresis loop'an1

describe the physical significance of each point when the appliel
,1

satisfy the disPersion relation:

uz pe = it tlto + k2. (25

component of the wave travelling in an

F=Fo'

11.

iii.

('-ffi',u"

magnetic field is cYcled.
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Differentiate soft magnetic materials from hard magnetic materials

with regard to their hysteresis effect, and state at least three

applications for each type of magnetic materials.

(60 marks)

)In superconductors, electrons continue to accelerate in the presence of'

applied electric field E. Show that the, equation of motion of electrons

in the supeaconducting state is given by r

d!, : (n"'\,E:\ * )"'
where/" is the current density of superconducting electrons, Tts is the

number density of superconducting electrotts, e is the change of an

eleckon, and, mis the mass of an electron.

Hence, show that the London penetration depth ly ofan electron in a

superconducting material is given by

where ltois the permeability of free space.

(40 marks)

-End of Exam-
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