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n =1.568, n.-1.468md A= N
(d) In an optical fibre the core refractive ind
is 1.5 :gd cladding refractive index is 1.4?7,?

Determine critical angle at core clad
interface and numerical aperture.

(e) Usin Farad%’: law, find the intrinsi 6
impedance of space. \

() In what respect does an electrically
anisotropic medium differ from an isoggp
medium. Mention at least two points{ /

(g) Show that in |
the electric field by 7 /2.

(h) Can perfectly static fields\pdssess
momentum mﬁm

2. Show how Maxwell l‘°;‘-'f~l Ampere’s law
o to make it consistent it he equation of
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4. (a) Show that in an electrically anisotropic
dielectric medium the permittivity tensor is
symmetric. 6

(b) Show that in anisotropic dielectric medium
the electric field, magnetic field and the
Poynting’s vector on one hand and the
electric displacement, magnetic field and

the wave normal on the other hand fo
orthogonal triplets. l’%

5. (a) Derive Fresnel’s relations for reflecti
refraction of plane em wave at an int
between dielectric media when th
field vector of the incident waye ormal
to the plane of incidence




7.

(a)

(b)

(a)
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Derive wave equation for E of em wave in a
symmetric planar dielectric wave guide
whoserefractive index [n? = n?(x)] profile is :

n=n,-4f<iy<d/2
=N, XS -a/Z, x> d/2.

Using the boundary conditions, obtan'%

eigenvalue equation for syrnmetk'B
modes. N

Show that there exists only ong/8yrhmetric
TEmodefor 0< V<=, w

A long straight cond . g wire of radius b
and conductivity g.is ‘o ot along z-axis and
it carries a dire K@ rent I in +z-direction.
Calculate thePoymting’s vector on the




Que: 1(a)

Que: 1(b)

1) A half wave plate is a birefringent material which changes the phase between two
perpendicular polarisation b
material which changes t

ed to convert one linear polarisation to anothe, or one
her.A quarter wave plate is can be used to convert linear

(2) A half wave plate can
circular polarisation
polarised li circu

Que: 1






The characteristic impedance of free space , also called the Z , of free space, is an expression of
the relationship between the electric-field and magnetic-field intensities in an electromagnetic field (
EM field ) propagating through a vacuum . The Z , of free space, like characteristic impedance in
general, is expressed in ohm s, and is theoretically independent of wavelength . It is considered a
physical constant.

Mathematically, the Z , of free space is equal to the square root of the ratio of the permeability of
free space (W o ) in henrys per meter ( H/m ) to the permittivity of free space ( £ ) in farads per
meter ( E/m ):

Zo=(U0/50)“2
= [(1.257 x 10 "® H/m)/(8.85 x 10 ~12 F/m)] 12

= 377 ohms (approximately)

Que: 1(f)

Isotropic refers to the properties of a material which is independent of the direction whereas
anisotropic is direction-dependent. These two terms are used to explain the properties of the
material in basic crystallography. The mechanical and physical properties can be easily affected
based on the atom orientation in crystals. Some examples of isotropic materials are cubic
symmetry crystals, glass, etc. Some examples of anisotropic materials are composite materials,
wood, etc. Below are a few differences between isotropic and anisotropic materials.

Difference Between Isotropic And Anisotropic

Characteristics Isotropic Anisotropic
Properties Direction independent Direction-dependent
Refractive index Only one More than one
Chemical bonding Consistent Inconsistent
Appearance Dark Light

Light passes through it No Yes

Velocity of light Same in all directions Different

Uses Lenses Polarizers



Double refraction

No

Yes

Example

Glass

Wood

Que: 1(9)




Que: 1(h)

The consideration of the Poynting vector in static fields shows the relativistic nature of the
Maxwell equations and allows a better understanding of the magnetic component of the Lorentz
force, q(v x B). To illustrate, the accompanying picture is considered, which describes the
Poynting vector in a cylindrical capacitor, which is located in an H field (pointing into the page)
generated by a permanent magnet. Although there are only static electric and magnetic fields,
the calculation of the Poynting vector produces a clockwise circular flow of electromagnetic
energy, with no beginning or end.

While the circulating energy flow may seem nonsensical or paradoxical, it is necessary to
maintain conservation of momentum. Momentum density is proportional to energy flow density,
so the circulating flow of energy contains an angular momentum.24 This is the cause of the
magnetic component of the Lorentz force which occurs when the capacitor is discharged. During
discharge, the angular momentum contained in the energy flow is depleted as it is transferred to
the charges of the discharge current crossing the magnetic field.



https://en.wikipedia.org/wiki/Lorentz_force
https://en.wikipedia.org/wiki/Lorentz_force
https://en.wikipedia.org/wiki/Conservation_of_momentum
https://en.wikipedia.org/wiki/Poynting_vector#cite_note-Feynman-14

Que 2(a) :

The Ampere’s circuital law states that the path integration of magnetic field B
around any closed path equal to the total current through the surface enclosed
by that path times pp. The integral form is

)’th.rﬂ = lg f/.] cdl = prod e (1)

Using stokes theorem we can get the differential form which is

AxB— upd (2)
or for free current density we will get

AxH—J; (3)
Where J; is the free current. But there are two problem with this

1. taking divergence of the equation 2 we get
§-[A=xDB)-0
So we get AJ =10. Which is not true and the correct relationship is

_ Op
AT=-22

2. One more problem from above equation we get 1s when J = (0 then we get
A x B — () which is also not correct. Decause we know that in space

1 OE

AxB=—-—

2 Ot
To solve this problem Maxwell infrodnced displacement current which is given

by

D = E=€E (4)

and displacement current density as

DE JE . -
IJp= ST 05 (in space) (5)

Then he mcluded that term in the Amperes circuital law which then become as

j[ B.dl = s, f / (J-dl+ﬁ;.pn{?)—:5:) 48 (6)

And the differential equation becomes

R
AxB=pugd+ Fu}luﬁw (7)

Which solved the problem.



Que: 2(b)

- .
V- E=4rnp = V-(—VV—lﬁ]=4;z'p
c ot
D
:>V2V+liV-A=—4;rp ,
¢ Ot

which with V. A =0 still leaves us with a Poisson equation,
but Ampere’s law gives

5 52
VX(VXA):’QL_;TI_liVV—iC A
C c Ot 2 o2
V(V-A)-V?A =
2 .
o [va-2 T8 v(va 1)ty
2 ot ¢ ot )l

Lorentz gauge

It's hard to compute A in Coulomb gauge. On the other hand,
we could choose 4 such that

1oV Lorentz
V-At———=0, gauge

c Of

for which the second-order PDEs become,

VV+=—V.A=-4zp
c ot
= VZV—%C Y =—47zp
= ot°




d Not utterly simple, but at least V and A are separately
determined, and the four equations are very similar to one
another.

Que: 3(a) Refer to question no. 2 in chapter no. 2

Que: 3(b) Refer to question no. 2 in chapter no. 2

Que: 3(c) Refer to question no. 2 in chapter no. 2

Que: 4(a) Refer to question no. 2 in chapter no. 4

Que: 4(b)
The electromagnetic field consists of coupled electric and magnetic fields that are described by
the vectors E and B, known as eleciric and magnetic induction vectors, respectively. In order
to describe the effects of these two fundamental fields on matter, it4s necessary to introduce the
clectric displacemnent and magnetic vectors, denoted by D afid H wéspectively!. If the electric

current density J is also introduced, the four fields E, B, D and H are linked by Maxwell’s
equations?

VixEEtT) = —?{r.f). (1)
Vx Hixt = J(r.f)—'r%(r,t). (2)
V=Dir,t] = plrb, (3)
V«Hirt] = 0, (4)

For such a monochromatic plane wave, the substitution "g_t — jw and V — —jw%u can be
performed into Maxwell’s equations (1)-(4), leading to

X uxkE = B
c
1n
=8 uxbB = -D
Mo €
u-D = )
u-B = §

It has been further assumed that the medium is non magnetic, M = 0, hence B = 1 oH.
Under this assumption, the Poynting vector becomes

B
S=E x —.
Ha

Considering equations given above, it can easily be established that, at any given time



e (u,D,B) is a right handed orthogonal vector triplet.

E D

Figure 2 [Illustration of the relative directions of the vectors and fields associate tthagation
of an electromagnetic wave in an anisotropic medium. Note that the relative nitude of the vectors
is arbitrary in this representation.

e (S.E.B) is also a right handed orthogonal vector

» However, the tensor relation imposes that, contrari e isotropic case, D is not
parallel to E, and consequently S is not parallel to u. Therefore the two right handed
orthogonal vector triplets (u, D, B) and (S, E, i

» Consequently, the direction of the ener s defined by the Poynting’s vector, is no

longer parallel to u, direction of pr ion e phase.

e D and E are no longer parallel, as
and the E field is no longer transverse.

Que: 5(a) Refer to questio@v chapter no. 3

Que: 5(b)

wever D and B are transverse.




Que
Que
Que
Que
Que

: 6(a) Refer to question no. 7 in chapter no. 4
: 6(b) Refer to question no. 5 in chapter no. 4
: 6(c) Refer to question no. 4 in chapter no. 7

: 7(a) and (b) Refer to question no. 2,3 in chapter no. 6

: 8(a)







