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Outline

e Tutorial
* Conceptual Questions

e Polarization of Plane Waves
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Announcements

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

* Test 1:
e Date: Feb 23" 1st hour of class

* Coverage: Up to and including LO4 and the
corresponding tutorial material

e 1 A4-Sized Aid Sheet Allowed
e Duration: 1 hour
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Tentative Course Schedule

WW L =

FR tan 9
_ Jan 16

Course Introduction, Math Review

Introduction to Maxwell Equations, Materials and Boundaries
Happy Chinese New Year!

Wave Equations, Plane Waves, Propagation in Lossy Media

Polarizations, EM Potential Asst. 1a Due

Reflection and Transmission Asst. 1b Due

Test 1, Electromagnetics R&D

Poynting vector, Power and Velocity

Waveguides and Transmission Lines (TL)

VIP in a TL, Terminated and Lossy TLs, Asst. 2 Due, Lab 1

Begins

Impedance in a TL, Smith Charts,

Smith Charts Cont’d, Impedance Matching, Quarter-wave

Transformers, Lab 2 Begins

Test 2, Introduction to Antennas

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
e Polarization of Plane Waves
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Wave decomposition
a uniform plane wave ftraveling in the

In general,
+z-direction may have both x- and y-components, in which

case E is given by

E=XE (2)+JE, (), (7.43a)
and the associated magnetic field is
> X H=%H ) +yH(2). (7.43b)
Application of Eq. (7.39a) gives
S L o= Eo Er
H=—3xE= v G E@ (7.44)
?7 n n
By equating Eq. (7.43b) to Eq. (7.44), we have
~ o
D) (45

Y

~ EF ~
H (2) = — .;.z(Z) " H/(2) =

n
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Wave Polarization

The polarization of a uniform plane wave describes the locus
traced by the tip of the E vector (in the plane orthogonal to
the direction of propagation) at a given point in space as d
function of time.

Plane wave propagating along +z : If: Evo = a,,

)
Eyo=aye’’,

E(z) = igx (z) + AE;(Z), with ~ . .
Y& then E(z) = (Xa, —I—j}ayef‘s)e—sz’

and the corresponding instantaneous field is

Ex (Z) — Ex()e_jkzs
Il L —jkz ~ .
E),(Z) — E},Oe J , E(Z, I) :me [E(Z) e_](t)l]

= Xa, cos(wt — kz)

+ ya, cos(wt — kz + 6).
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Polarization State

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

E-field again:  E(z,1) =Re [E(z) ef'f”f]
= Xa, cos(wt — kz)

+ ya, cos(wt — kz 4 &)

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

E(z,1)| = [EX(z, 1) + Ei(z, ]2

(2, t) = tan”’ (E)’(Za f))

= [a? cos”(wt — kz) E(z,t)

2 2 12 .
+ay cos™(wf — kz +0)] (Have to choose the right

branch...)
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Linear Polarization:
O0=0ord=m

A wave is said to be linearly polarized if for a fixed z, the
tip of E(z, t) traces a straight line segment as a function of
time. This happens when Ey(z,t) and E\(z, t) are in-phase
(i.e., § = 0) or out-of-phase (5 = ).

Under these conditions Eq. (7.50) simplifies to

E(0,t) = (Xay + yay) cos(wt —kz) (in-phase), (7.53a)

E(0, t) = (Xay — yay) cos(wt — kz) (out-of-phase).
(7.53b)

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

Let us examine the out-of-phase case. The field’s magnitude is

[E(z, )| = [a; + a31"/*| cos(wt — kz)|. (7.542)

and the inclination angle is

Y = tan”! (—ay ) (out-of-phase). (7.54b)

I If a, = 0, then ¢ = 0° or 180°, and the wave is x-polarized;
conversely, if a, = 0, then ¥ = 90° or —90°, and the wave is
y-polarized. 10




Polarization Handedness

Polarization handedness is defined in terms of the rotation
of E as a function of time in a fixed plane orthogonal to the
direction of propagation, which is opposite of the direction
of rotation of E as a function of distance at a fixed point in
lime.
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LH Circular Polarization:
a, =a, =aAND o =m/2

(a) Left-Hand Circular (LHC) Polarization

Foray = a, = aand § = /2, Eqs. (7.49) and (7.50) become

E(z) = (Xa + ffaej”ﬁ)e_jkz

=aX+ j§)e I,

E(z.1) = Re [E(z) eff“f]

= Xa cos(wt — kz) + ya cos(wt — kz + 7 /2)

= Xa cos(wt — kz) — ya sin(wt — kz).

The corresponding field magnitude and inclination angle are

V(z, 1) =tan !

7 . 1/2
Bzl =|EXz.0)+ B2z

— [a” cos*(wt — kz) + a” sin*(wt — kz)]"/?

=E (7.56a)
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Fora, =ay =aand 6 = —m/2, we have s .

|E(z,1)| = a, v = (wt — kz). (a) LHC polarization
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E(z,t) = Re [E(’Z) ej"”]
Some examples _ 3, cos(r — k2)

+ ya, cos(wt — kz 4 &)

A plane wave has above E-field distribution. Find its
polarization state if:

(a) ay=3;a,=4%;0=180°
(b) ay =5;a,=5;0=90°
(c) ax=1a,=2;0=90°
(d) ayx=2;a,=2;0=m/4

For each case, trace the time-evolution of the
electric field along the plane z = 0.
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Polarization Technologies

https://www.youtube.com/watch?v=k670GI-ur3lI

https://www.esa.int/Applications/Telecommunications_Integrate
d_Applications/Successful_optical _data_relay_link_between_OIC
ETS_and_Artemis

https://theconversation.com/reimagining-
the-laser-new-ideas-from-quantum-
theory-could-herald-a-revolution-147436
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Polarization Technologies

—

e R - g -

https://cumbriansky.files.wordpress.com/2009/03/satellitel.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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