Optoelectronics-|
Chapter-6

Assoc. Prof. Dr. Isa NAVRUZ
Lecture Notes - 2018

Recommended books

O/F:L%EF%HES¥8CI\3:\£gS NOFTORLECTRONCS FUNDAMENTALS OF
Principles and Practices

Do
o%?

Optoelectronics Second Edit
Anl ion
Secor

n Introductiol
S nd edition 'Av v‘

SAA
S/

<

S. O. KASAP

PHOTONICS |

Department of Electrical and Electronics
Enginnering, Ankara University
Golbasi, ANKARA



Polarization Optics

Objectives

When you finish this lesson you will be able to:

Describe the Polarization

Define polarization types

Explain the linear, circular and elliptical polarizations
Define the mathematical description of polarizations
Explain the matrix representation with the Jones Vector
Define the orthogonal polarizations
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Polarization

The meaning of the Polarization

Polarization is a fundamental property of light . The polarization of the wave is the
description of the behaviour of the vector E in the plane x,y, perpendicular to the
direction of propagation z.

The plane of polarization is defined as the plane containing the propagation vector,
i.e. the z axis, and the electric field vector.

Consider a plane wave traveling z
direction. The electric field lies in
the x-y plane. If the direction of E
changes randomly with time, the
wave is said to be randomly
polarized, or unpolarized.
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Polarization

The meaning of the Polarization

Polarization is controlled by the electric field direction in the x-y plane of the light traveling in

z direction.

There are three different types of polarization.

1-Linear Polarization 2-Circular Polarization 3-Elliptical Polarization
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Note that it is not mandatory for the wave to travel only in z direction. The wave (Electric
field) can propagate in any r direction. However, we chose the light traveling in +z direction

for to be easily understood.




Polarization

Linear Polarization

The electric field of light is confined to a single plane along the direction of propagation. All
the electric field vectors oscillate in the same plane. They parallel to a fixed direction
referred to as the polarization direction.

Direction of the electric field vector=direction of polarization
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Polarization
Linear Polarization

Exercise:
Suppose that an electric field propagating in the positive z direction and linearly
polarized in the x direction. Calculate the magnetic filed vector H and pointing vector S.
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Polarization

Linear Polarization
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Polarization

The Mathematical description of Polarization

Assume that an EM wave propagating along z direction t
shown in the figure.

The electric field of this wave at the origin of the axis y
system can be defined as,

—

E=FE x+ E‘,“,y 0
The complex amplitude vectors,

. i(kz—ot+,) . i(kz—ot+@, ) Z

The real amplitude vector of electric field

E=E cos(kz—at+9,)x + E,, cos(kz—ar + Py )y

Propagation
direction
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E= E, cos(kz—an)x+E,, cos(kz—amx £ )y
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Polarization

The Mathematical description of Polarization

E= E, cos(kz—a)X+E, costkz—ax £0)y | 0=Py-

When amplitudes and phase differences are compared,

Amplitude Phase Difference
doesn't matter O0=0 or @ Linear Polarization
E ox— EO = EO and 3 =%7/2  Circular Polarization

E(,x £E d=3mn/2 Elliptical Polarization

g

Linear Polarization Circular Polarization Elliptical Polarization




Polarization

Exercise:
The frequency of a plane electromagnetic wave is 600x10'2 Hz. It is propagating along

positive X direction in vacuum and has an electric field amplitude of 43.42 V/m The wave
is linearly polarized such that the oscillation plane is at 45° to the x-z plane. Obtain the

vector E and H.



Polarization

Linearly polarized | | Linearly polarized Counterclockwise Clockwise
light in y direction| | light in X direction (right-handed) (left-handed)
circular polarization circular polarization
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Elliptical Polarization
T
PR X RN TOTRTE SR PR » X
| Right handed -/ Left handed
Eoy =2FEoy Loy=2 Eoy
o=—m/2 o=n/2




Polarization

Matrix Representation with the Jones Vector

A monochromatic plane wave traveling in the z direction is completely characterized by
the complex envelopes given below,

E=(E
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This monochromatic plane wave can be expressed in matrix form.

. [E.T ||E,.
E = -
=

The form of column matrix known as Jones vector. we can determine the total intensity

of the wave, )
I = (lEm' )/2Tl

Where, n is the impedance of the medium.
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Polarization

Matrix Representation with the Jones Vector

Linearly polarized
light in X direction

. _E} 1
E=|"°|=E,|
o] o

Linearly polarized
light in y direction

Linearly polarized wave, %
. . . 0f. — 005(9)
plane of polarization making | . E=E,
angle 6 with x axis / k sin(6)
y/ ]

vector for linearly polarized E =
wave with 8=45°

For example, the Jones {E“} E {1}




Polarization

Matrix Representation with the Jones Vector

Complex Plane

4 E =E_ 5=n/2 tmagmnaty 7 1g,
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Polarization

Orthogonal Polarizations

Suppose that two polarization states represented by the Jones vectors J; and J,.
If the inner product between J, and J, is zero, this state is called as orthogonal.

The inner product is defined as,

(J1,J,) = A, A%, + Ay, A%, I=

Here, the symbol (*) represents the complex conjugate.



Polarization

Exercise:

Show that the linearly polarized wave with plane of polarization making an angle 6
with the X axis is equivalent to a superposition of right and left circularly polarized

waves with weights (1/v2)e /% and (1/v/2)e’?, respectively.

Solution:

1 1
And left circularly polarized waves have J2 = 5 { ]

1 .
The weight a, attachedtoJ;, a1 = NG (E ?E)
1

0 i0
) e’ —e
sinf =

~0s 21
J = (( > ) Remember that e—i0 1 ¢if

0sf =
cos 7




Polarization

The Jones Matrix Representation of Polarization Devices

Consider the transmission of a plane wave of
arbitrary polarization through an optical system.
The optical system can alter the polarization of
a plane wave as shown in the figure.

Optical system

The relationship between the polarization states at the input and output of the
system can be defined by a matrix as follows.

[Az*’} _ [T“ T'Z] [A'x] T is the Jones Matrix of the
Ajy \ I Ty | Ay optical system

f
T

If the input and output waves are described by the Jones vectors J, and J,, we
can write the equation as follows

J,=TJ;



Polarization

The Jones Matrix Representation of Polarization Devices

Linear Polarizer T = 10
along x Direction 0 0O

U RINETRE g v/ Linearly Polarized Light

Wave-Retarder 1 0 The Linear Polarizer
(Fast Axisalong T = 0 (=jT)
x Direction) CXPL )

1/ O

n wave retarder (half wave)

Rotation the plane of polarization
of a linearly polarized wave by an angle 6
T — [cosﬂ —sin 8]
sinf  cos @
Polarization Rotator n wave retarder (half wave)




Polarization

The Jones Matrix Representation of Cascaded Systems




Polarization

The Jones Matrix Representation of Polarization Devices

Linear Polarizer 1 0 . : 0 0
o — Linear Polarizer T =

along x Direction T [ 0 0 along  Direction [ 0 1
Quarter-wave retarder 10 Quarter-wave retarder [ 0
Axis x is the fast axis of T = Axis y is the slow axisof T =
the retarder. 0 the retarder. 0 -1
Circular Polarizer T 11— Circular Polarizer 111 i

Left handed = — Richt handed = _

210 1 BIhanee 2|—i 1

Exercise:

Show that the Jones matrix of a polarizer making an angle 8=45° with the X axis is

equivalent to

1 1
1 1




