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Outline

• Tutorial
• Conceptual Questions
• Course Matter
• Polarization of Plane Waves
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Announcements

• Assignment 1 Due Dates:
• Assignment 1B (Q4-7): Due Feb 16

• Test 1:
• Date: Feb 23rd, 1st hour of class
• Coverage: Up to and including L04 and the 

corresponding tutorial material
• 1 A4-Sized Aid Sheet Allowed
• Duration: 1 hour

EE3109, Jan - Apr 2023, L04a - Polarization 3



4

Tentative Course Schedule
Week 
#

Week 
of

Course Coverage

1 Jan 9 Course Introduction, Math Review
2 Jan 16 Introduction to Maxwell Equations, Materials and Boundaries

Jan 23 Happy Chinese New Year!
3 Jan 30 Wave Equations, Plane Waves, Propagation in Lossy Media
4 Feb 6 Polarizations, EM Potential  Asst. 1a Due
5 Feb 13 Reflection and Transmission  Asst. 1b Due
6 Feb 20 Test 1,   Electromagnetics R&D
7 Feb 27 Poynting vector, Power and Velocity
8 Mar 6 Waveguides and Transmission Lines (TL)
9 Mar 13 VIP in a TL, Terminated and Lossy TLs, Asst. 2 Due, Lab 1 

Begins
10 Mar 20 Impedance in a TL, Smith Charts, 
11 Mar 27 Smith Charts Cont’d, Impedance Matching, Quarter-wave 

Transformers, Lab 2 Begins
12 Apr 3 Test 2,   Introduction to Antennas
13 Apr 10 Dipole Antennas, Asst. 3 Due



Review and Preview

• In the first three lectures we talked about
• Maxwell’s Equations
• Wave Equations / Helmholtz Equations
• Plane Waves
• Plane Wave propagation in lossless and lossy media

• This class, we will
• Introduce the concept of polarizations
• Introduce the topic of electromagnetic potentials
• Do some practice questions
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Outline

• Conceptual Questions
• Course Matter
• Polarization of Plane Waves
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Wave decomposition

EE3109, Jan - Apr 2023, L04a - Polarization 7



Wave Polarization

Plane wave propagating along +z : If: 

then
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Polarization State
Polarization state describes the trace of E as a function of time 
at a fixed z.

Magnitude of E Inclination Angle (w.r.t. x)

E-field again:

(Have to choose the right 
branch…)
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Linear Polarization:

E traces a line ( in 
blue) as the wave 
traverses a fixed plane 

𝛿𝛿 = 0 or 𝛿𝛿 = 𝜋𝜋
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Polarization Handedness
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LH Circular Polarization:
𝑎𝑎𝑥𝑥 = 𝑎𝑎𝑦𝑦 = 𝑎𝑎 𝐀𝐀𝐀𝐀𝐀𝐀 𝛿𝛿 = 𝜋𝜋/2
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RH Circular Polarization:
𝑎𝑎𝑥𝑥 = 𝑎𝑎𝑦𝑦 = 𝑎𝑎 𝐀𝐀𝐀𝐀𝐀𝐀 𝛿𝛿 = −𝜋𝜋/2
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Elliptical Polarization
(all other cases for 𝑎𝑎𝑥𝑥 ,𝑎𝑎𝑦𝑦 and 𝛿𝛿)



Some examples

A plane wave has above E-field distribution. Find its 
polarization state if:
(a) 𝑎𝑎𝑥𝑥 = 3; 𝑎𝑎𝑦𝑦 = 4; 𝛿𝛿 = 180°
(b) 𝑎𝑎𝑥𝑥 = 5; 𝑎𝑎𝑦𝑦 = 5; 𝛿𝛿 = 90°
(c) 𝑎𝑎𝑥𝑥 = 1; 𝑎𝑎𝑦𝑦 = 2; 𝛿𝛿 = 90°
(d) 𝑎𝑎𝑥𝑥 = 2; 𝑎𝑎𝑦𝑦 = 2; 𝛿𝛿 = 𝜋𝜋/4

For each case, trace the time-evolution of the 
electric field along the plane 𝑧𝑧 = 0.
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https://theconversation.com/reimagining-
the-laser-new-ideas-from-quantum-
theory-could-herald-a-revolution-147436

https://www.youtube.com/watch?v=k67OGI-ur3I

https://www.esa.int/Applications/Telecommunications_Integrate
d_Applications/Successful_optical_data_relay_link_between_OIC
ETS_and_Artemis

Polarization Technologies



https://www.samsung.com/

Polarization Technologies
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http://farm4.staticflickr.com/3497/3178975262_49b7ee4ac0_z.jpg

https://electronics.howstuffworks.com/3d-tv.htm
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Summary

• In this class, we considered
• The polarization of a plane wave:

• How to find it
• How to trace the time-evolution of electromagnetic field
• Where polarization is used in modern technology
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