
Polarization of Electromagnetic Waves 

Polarization is a fundamental property of electromagnetic waves that describes the orientation 

of the wave's oscillations. An electromagnetic wave consists of oscillating electric and 

magnetic fields that are perpendicular to each other and to the direction of wave propagation. 

Polarization specifically refers to the orientation of the electric field vector. 

Understanding polarization is essential in various fields, such as optics, telecommunications, 

radar technology, and material science. In this note, we will explore the concept, types, 

mathematical representation, and applications of polarization in detail. 

 

What is Polarization? 

Polarization describes the orientation of the electric field vector in an electromagnetic wave. 

For example, in a plane electromagnetic wave propagating along the z-axis, the electric field 

vector oscillates in a plane perpendicular to the z-axis. The trajectory traced by the electric 

field vector determines the polarization of the wave. 

An electromagnetic wave can exhibit different types of polarization depending on how the 

electric field vector behaves over time. The magnetic field vector is always perpendicular to 

the electric field vector and does not influence the definition of polarization. 

 

Types of Polarization 

1. Linear Polarization: In linear polarization, the electric field vector oscillates along a 

fixed straight line. This line can be oriented in any direction perpendicular to the 

direction of wave propagation. Linear polarization occurs when the electric field 

components in the perpendicular directions are in phase or have a phase difference of 

nπ, where n is an integer. 

Example: 

o If the electric field is polarized along the xx-axis, it can be expressed 

as:𝐄(𝑧, 𝑡) = 𝐸0 cos(𝑘𝑧 − 𝜔𝑡) 𝑥̂   

2. Circular Polarization: In circular polarization, the electric field vector rotates in a 

circular trajectory as the wave propagates. The amplitude of the electric field remains 

constant, but its direction changes continuously. Circular polarization occurs when the 

perpendicular components of the electric field have equal amplitudes and a phase 

difference of ±π/2. 

Example: 

o A right-hand circularly polarized wave is expressed as: 

 𝐄(𝑧, 𝑡) = 𝐸0 cos(𝑘𝑧 − 𝜔𝑡) 𝑥̂ + 𝐸0 sin(𝑘𝑧 − 𝜔𝑡) 𝑦̂   

The direction of rotation (clockwise or counterclockwise) determines whether 

the wave is right-hand or left-hand circularly polarized. 



3. Elliptical Polarization: In elliptical polarization, the electric field vector traces an 

elliptical trajectory as the wave propagates. This is the most general case of 

polarization and occurs when the perpendicular components of the electric field have 

unequal amplitudes and a phase difference other than 0, π, or ±π/2. 

Example: 

o The electric field for an elliptically polarized wave can be expressed as: 

𝐄(𝑧, 𝑡) = 𝐸𝑥 cos(𝑘𝑧 − 𝜔𝑡) 𝑥̂ + 𝐸𝑦 sin(𝑘𝑧 − 𝜔𝑡 + 𝜙) 𝑦̂,  

where Ex  and Ey are the amplitudes of the components, and ϕ is the phase 

difference. 

4. Unpolarized Light: Unpolarized light consists of waves with electric field vectors 

that oscillate randomly in all directions perpendicular to the direction of wave 

propagation. Natural light sources, such as sunlight or incandescent bulbs, produce 

unpolarized light. Polarization filters are required to convert unpolarized light into 

polarized light. 

 

 

Polarization by Reflection and Scattering 

1. Reflection: When an electromagnetic wave reflects off a surface, the reflected wave 

becomes partially or fully polarized, depending on the angle of incidence and the 

properties of the surface. At a specific angle, known as the Brewster angle, the 

reflected wave is completely linearly polarized. The Brewster angle θB is given by: 

tan(𝜃𝐵) =
𝑛2

𝑛1
, 

where 𝑛1 and 𝑛2 are the refractive indices of the two media. 

2. Scattering: Polarization also occurs due to scattering. For example, sunlight scattered 

by atmospheric particles is partially polarized. This phenomenon is exploited in 

polarizing sunglasses to reduce glare. 

 

Applications of Polarization 

1. Optics: 

o Polarized sunglasses reduce glare by blocking horizontally polarized light 

reflected from surfaces like water or roads. 

o Liquid crystal displays (LCDs) rely on polarized light for proper functioning. 

2. Telecommunications: 

o Polarization is used in antennas to ensure efficient transmission and reception 

of signals. 

3. Radar and Remote Sensing: 



o Polarization helps distinguish between different types of surfaces and 

materials in radar imaging. 

4. Astronomy: 

o Polarization measurements provide information about celestial objects, such as 

the magnetic fields in distant galaxies. 

5. Photography: 

o Polarizing filters enhance contrast and reduce reflections in photographs. 

 


