
Unit VIII: Polarization

Introduction



Polarized light

concept of polarization of light beam in this unit.

A



The expression of electric field of a polarized light

wave propagating in the z direction can be written as

𝐸𝑥 = 𝐸𝑜 cos 𝑘𝑧 − 𝜔𝑡 , 𝐸𝑦 = 0, 𝐸𝑧 = 0

𝐸𝑥 = 0, 𝐸𝑦 = 𝐸𝑜 cos 𝑘𝑧 − 𝜔𝑡 , 𝐸𝑧 = 0

(i) x polarized light wave

(ii) y polarized light wave

(ii) right circularly polarized light wave

𝐸𝑥(𝑧, 𝑡) = 𝐸𝑜 cos 𝑘𝑧 − 𝜔𝑡

𝐸𝑦(𝑧, 𝑡) = 𝐸𝑜 sin 𝑘𝑧 − 𝜔𝑡

The x and y components of the E-field are 90o

out of phase

The resulting E-field rotates clockwise around the

k-vector (looking along k). This is called a right-

handed rotation.

(iii) left circularly polarized light wave

𝐸𝑥(𝑧, 𝑡) = 𝐸𝑜 cos 𝑘𝑧 − 𝜔𝑡

𝐸𝑦 𝑧, 𝑡 = −𝐸𝑜 sin 𝑘𝑧 − 𝜔𝑡

The x and y components of the E-field are always

90o out of phase, but in the other direction.

The resulting E-field rotates counterclockwise

around the k-vector (looking along k). This is a left-

handed rotation.



(iv) elliptically polarized light wave

𝐸𝑥(𝑧, 𝑡) = 𝐸𝑜 cos 𝑘𝑧 − 𝜔𝑡

𝐸𝑦 𝑧, 𝑡 = −𝐸𝑜 sin 𝑘𝑧 − 𝜔𝑡

where 𝐸0𝑥 ≠ 𝐸0𝑥

The resulting E-field can rotate clockwise or

counter-clockwise around the k-vector.

Malus’ Law

Production of polarized light

1. The wire grid polarizer and the 

polaroid



2. Polarization by reflection

3. Polarization by double refraction



4. Polarization by scattering



Polarization by double refraction and 

Huygen’s theory



Normal incidence





Oblique incidence



❖ These two rays are plane polarized rays, whose

vibrations are at right angle to each other. The

refractive index of Canada Balsam cement being

1.55 lies between those of ordinary (𝜇𝑜 = 1.65837)

and extraordinary (𝜇𝑜 = 1.48641) refractive indices.

❖ Thus, the Canada Balsam layer act as an optically

rarer medium for the ordinary ray and act as an

optical denser medium for the extraordinary ray.

❖ When ordinary ray of light travels in the calcite

crystal and enters the Canada Balsam cement layer,

it passes from denser to rarer medium. Moreover,

the angle of incidence is greater than the critical

angle, the incident ray is totally internally reflected

from the crystal and only the extraordinary ray is

transmitted through the prism.

❖ Therefore, fully plane polarized light is generated

with the help of Nicol prism.

Nicol prism as analyser
Consider two Nicol prisms arranged coaxially one after

another. When a beam of unpolarized light is incident

on the first prism P, the emergent beam is plane

polarized with its vibrations in principal section of first

prism. This prism is called polarizer. When principal

section of both prisms are parallel, the extraordinary

ray from the first prism can freely transmit through the

second prism, and thus the intensity of emergent light is

maximum.

But when the principal sections are at right angles to

each other the intensity of emergent light is minimum

i.e., there no light it transmitted through the second

prism. This is because the ray on emerging out of the

first prism has vibrations in its principal section and,

therefore, perpendicular to the principal section of the

second prism. It will thus have no component in the

principle section of the latter and will travel as an

ordinary ray in to be totally reflected at the balsam

layer. Here first prism produced plane polarized light

and second prism detects and analyses it.

Nicol prism

William Nicol (1770-1851) of Edinburgh developed

what is now called the Nicol prism in 1828. The

problem with using calcite as a polarizer is the presence

of two beams of polarized light. In principle, the E ray

can be eliminated by using a narrow crystal, long

enough so that the E ray can be sufficiently displaced

from the O ray to allow it to be masked off. Nicol used

the now classic technique of slicing the crystal

diagonally at QS and fastening the two halves back

together with a cement (such as canada balsam) of such

in index of refraction that the O ray is totally reflected

at the internal interface, leaving the E ray to emerge

alone from the crystal.

Basic Principle

The basic principle behind Nicol Prism is based on its

unique behaviour on the event of incidence of light rays

on its surface. When an ordinary ray of light is passed

through a calcite crystal, it is broken up into two rays:

❖ An ‘Ordinary ray’ which is polarized and has its

vibrations perpendicular to the principle section of

the crystal and

❖ An extra-ordinary ray which is polarized and whose

vibration is parallel to the principle section of the

prism. If by some optical means, one of the two rays

eliminates, the ray emerging through the crystal will

be Plane polarized. In Nicol Prism, ordinary ray is

eliminated and Extra-ordinary ray, which is plane

polarized, is transmitted through the prism.

Construction
❖ It is constructed from the calcite crystal ABCD

having length three times of its width

❖ Its end faces AB and CD are cut such that the angles

in the principal section become 68o and 112o in

place of 71o and 109o.

❖ The crystal is than cut diagonally into two parts. The

surface of these parts are ground to make optically

flat and then these are polished.

❖ These polished surfaces are connected together with

a special cement known as Canada Balsam.

Working
❖ When a beam of unpolarized light is incident on the

face A1B, it gets split into two refracted rays, named

O-ray and E-ray.

Fig. Construction of Nicol prism.

Fig. Two Nicol prisms, one as polarizer (P) and other

as analyzer (A) placed in such as way that (a) principal

section of both prisms are parallel, (b) principal

sections are at right angles and (c) principal sections are

at an angle of 180o.



Limitations
When the angle of incidence at the crystal surface is

increased, the angle of incidence at Calcite – Balsam

surface decreases. When the angle of incidence at the

crystal surface becomes greater than 14o, the angle of

incidence of Calcite – Balsam surface becomes less

than the critical angle. In this position ordinary ray is

also transmitted through the prism along with

extraordinary ray so light emerging from Nicol prism

will not be plane polarized.

When angle of incidence at crystal surface is decreased,

the extraordinary ray makes less angle with the optic

axis, as a result its refractive index increase, because

the refractive index of calcite crystal for E ray is

different in different directions through the crystal

being maximum when the E ray travels at right angles

to the optic axis and minimum when E ray travels along

with O ray and no light emerges from the prism

Production of circularly and elliptic-

ally polarized light





Analysis of polarized light
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