Electromagnetic waves and polarization
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Electromagnetic waves (of a particular amplitude, and wavelength) comprise of sinusoidally varying vector components of electric E and magnetic B fields.
Maxwell’s Equations, which describe the relationships between electric and magnetic fields (and charge) predict the following:

1. If an electromagnetic wave propagates in direction parallel to vector k, the electric and magnetic field are both perpendicular to this direction. In other words

(E,B,k) forms a right handed set* in a Cartesian (X,Y,z) sense. No vector component of E or B is parallel to the direction of propagation.

2. Electromagnetic waves travel at a finite speed through a medium. This is independent of any coordinate system, so you can never ‘catch up’ with an electromagnetic wave, no
matter how fast you move. This idea is the main reason (in Special Relativity) behind the need to modify space and time as one approaches the speed of light. The speed of

electromagnetic waves is ¢/n where ¢ = 2.998 x 108ms™! and n is the refractive index. For a vacuum, n is unity. A magnitude less than unity is impossible*

3. Atan interface between media of differing refractive index, vector components of B perpendicular to the interface surface must be continuous across the boundary. Also,
components of the E and H fields which are parallel to the surface, must be continuous across the boundary.
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Power of an EM wave varies as the square of electric field strength
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The polarization of an electromagnetic wave describes the relationship between the electric field
vector components and how they vary with time t and propagation distance z.
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Note the actual E and B fields
are the real parts of these
complex quantities.

Note De Moivre’s Theorem

e’ =cos@+isind

=e" =i e"+1=0

1
[Oj x linear
<>

0 :
y linear

- EOy B bei(Y
l.e. on a
1 1 Linear 45°
{1
1
N7

|

a

beib‘

a .
Re(E) = Re e
o-n(,1]

give rise to linear, circular and elliptical polarizations.
This is because the time variation of the electric field vector.
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u Relative permeability. Unity for non magnetic materials. Magnetic materials such as iron
have a relative permeability of about 5000. Ferrite is 640, Nickel is 100.

¢ Relative permittivity. Unity for vacuum and approximately for air. Water is about 1.77,
glass 3.7-10, diamond 5.5-10, sapphire 8.9-11.1
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] is called the Jones vector. Different values of a,b and phase &

will follow a linear, circular or elliptical
trajectory depending on the values set.

**But it is possible to
have a negative or
indeed complex
refractive index!
(metamaterials &
metals respectively).

*Actually, it is (E,H,K). But for isotropic media, B is parallel to H
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The effect of an electromagnetic wave passing through a polariser (e.g. a material

different ways depending on the polarisation of the electric field) can be modelled by the matrix multiplication of the

which will modify the wave in

Jones vector J for an incident wave by a 2 x 2 Jones matrix.
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Maxwell’s Equations tell us: “At an interface between media of differing refractive index, vector components of B
perpendicular to the interface surface must be continuous across the boundary. Also, components of the E and H
fields which are parallel to the surface, must be continuous across the boundary.”
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The Fresnel Equations

If an electromagnetic wave meets a change in
refractive index, the general response will be for
reflected and transmitted (i.e. refracted) waves
to be created. The power of the incident wave will
be shared between these. The balance of power
depends on a number of factors, which are
modelled via the Fresnel Equations.
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Physics topic handout — Electromagnetic Waves, Fresnel Equations & Polarization Dr Andrew French. www.eclecticon.info PAGE 3


http://www.eclecticon.info/

1

Case 2: Electric field vector is perpendicular to the H=—=2RB |Ei| =E |Er =E, |Et| = Et

plane containing the incident, reflected and transmitted Hiy nE. nE n.E

wave propagation directions |Bi | =17 |Br| =1 |Bt| =27t
c C

E +E =E
E
t, =§=1+ r
icos¢9i —&cosé?t
t =1+ /’ll IUZ
: n1 n2
—+C0s 6, +—=-cos 0,
H H,
ﬂcosé?i
L= n > n
—L-c0s6, +—2cosé,
M My

| as ‘S’ polarisation (S from senkrecht,
which is German for perpendicular)

Power coefficients are:

R, =|rl|2

T, =1-|r[

E|| continuity: E, +E, =FE,

i N n n
HH continuity: -1 Ei Cosgi — 1 Er Cosgi = 2 Et COS@t
o C Ao o€ M 14 C
n n n
~.—LE cosg ——E, cos® = —=(E, +E, )cosf,
H H Hy
n n n n
E, [—1cos¢9t ——2c0s6, j =E, [—%os&i +—Zcos¢2j
H H, H Hy
n n
~1c0sf ——2cosh,
r = H Ho
. nl n2
—+C0S6, +—=-c0s 0,
H H,
Law of Snell’s Law of refraction
flecti - -
k; by K, n,sing =n,siné,

6, =sin™ nsing
.6, 0

Real solutions for the
transmitted ray angle
when
n, siné
O0< i et § <
n2

1

So EM waves propagating
from a high refractive index
medium to a lower

2 Critical angle refractive index medium

] will be internally reflected

. n (i.e. no transmission) when
6. =sin"| =

< n,siné

<1l Alwaystrueif n, >n
n

n the angle of incidence

1 exceeds a critical angle 6,

Brewster’s Angle

Law of
reflection
k.

S polarised
k, only

|
16,
II

0.

If a scenario arises where the angle between reflected
and transmitted waves is a right angle, this means the
reflected waves can only be S polarised.

P-polarised transmitted waves result from electrons
oscillating parallel to the plane at the interface of the
two mediums. However, no radiation occurs in the
direction of he polarisation. Since the transmitted
wave polarisation direction is parallel to the
reflected wavevector, this means no P polarised
radiation is reflected.
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This effect is used in the design of glare reducing
optical devices such as sunglasses, car windows and
photographic lens filters.
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Brewster’s Angle from the Fresnel equations
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Fresnel Equations: n, = 1, n,= 2

Critical angle = NaN°®, Brewster angle 63.4349°
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P-polarised Electric field
(parallel to plane containing
wave vectors)
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S-polarised Electric field
(perpendicular to plane
containing wave vectors)
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