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• I. Basic concepts: Electromagnetic waves and types of polarization
• Plane-polarized wave: Horizontal 
• Plane-polarized wave: Vertical
• Superposition of plane-polarized waves: Horizontal + Vertical � 45º Plane
• Superposition of plane-polarized waves: Horizontal + Vertical � Right circular
• Superposition of plane-polarized waves: Horizontal + Vertical � Left circular
• Circularly polarized waves: Right and Left
• Superposition of circularly polarized waves: Right + Left circular � Plane!

• II. Interaction of light and matter
• Plane-polarized wave: Absorption 
• Circularly polarized wave: Absorption 
• Plane-polarized wave: Refraction 
• Circularly polarized wave: Refraction 
• Circular dichroism 
• Circular birefringence 
• Circular dichroism AND birefringence 

MATHEMATICAL FORMS OF ELECTROMAGENTIC

WAVE



sin( / )yE A x tλ ω= −
Vertically (y axis) polarized wave having an amplitude A, a wavelength 

of λ, λ, λ, λ, and an angular velocity (frequency * 2ππππ) of ωωωω, propagating along 

the  x axis.

MATHEMATICAL CONCEPT

PLANE EM WAVE



ANOTHER LOOK



Explanation of Frequency



Phase (waves)

The phase of an oscillation or wave refers to a 

sinusoidal function such as the following:



The term phase can refer to several different things:



Instantaneous phase

In signal processing, the instantaneous phase
(or "local phase" or simply "phase") of a 
complex-valued function x(t) is the real-valued 
function:



Principal value

Open-closed interval

[-π, π]







Examples



Phase shift



Phase shift
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Angular    Frequency



Wave phase and angular frequency



How Radio Waves Are Produced?

18

Dipole
Antenna

transmission
line

High Frequency
Oscillator



Radio Antenna

the oscillating electric field 
of the EM wave causes 
the electrons in the 
receiving antenna to 
oscillate at the same 
frequency

the amplifier converts the 
electrical signal to sound 
waves 



Plane-polarized EM
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sin( / )yE A x tλ ω= −



H
o

ri
z
o

n
ta

l

sin( / )zE A x tλ ω= −



Circularly polarized  EM 
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sin( / 90 )yE A x tλ ω= − + °
sin ( / )zE A x tλ ω= −



Circularly polarized  EM 
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sin( / 90 )yE A x tλ ω= − + °
sin ( / )zE A x tλ ω= −



Interaction of EM and matter: Absorption

Material with an extinction 
coefficient ε

sin( / )x
yE Ae x tε λ ω−= −

In                                 Out



Refraction

In                                 Out

The EM slows down 
inside the material, 
therefore its wavelength 
becomes shorter and its 
phase gets shifted

sin( / )yE A nx tλ ω= −



In                                 Out

Circular dichroism

Plane-polarized light 
becomes elliptically polar

sin( / 90 ) sin( / 90 )R Lx x
yE Ae x t Ae x tε ελ ω λ ω− −= − + ° + − − °

sin( / ) sin( / )R Lx x
zE Ae x t Ae x tε ελ ω λ ω− −= − + −



Circular bi-refringence

The plane of polarization of plane-
polarized EM gets rotated

R Lsin( / 90 ) sin( / 90 )yE A n x t A n x tλ ω λ ω= − + ° + − − °
Rs in ( / ) s in ( / )z LE A n x t A n x tλ ω λ ω= − + −

Material having different 
refraction indices for right 
and left circularly polarized 
EM: nR and nL



Circular dichroism AND bi-refringence

Material having different 
extincion coefficients AND 
refraction indices for right 
and left circularly polarized 
EM: εR and εL AND nR and 
nL

Plane polarized EM gets elliptically 
polar, with the great axis of the ellipse 
being rotated relative to the original 
plane of polarization

R Lsin( / 90 ) sin( / 90 )R Lx x
yE Ae n x t Ae n x tε ελ ω λ ω− −= − + ° + − − °

R Lsin( / ) sin( / )R Lx x
zE Ae n x t Ae n x tε ελ ω λ ω− −= − + −



•One cycle in the production of an electro-magnetic wave by 

an  oscillating electric dipole antenna.  

•The red arrows represent the E field.  (B not shown.)



•Representation of the electric and magnetic fields 

in a propagating wave. One wavelength is shown at 

time t = 0. 

•Propagation direction is E x B.



At       t = 0
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λ = spatial period or
wavelength

phase velocity
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λ π λ ω= = λ = =
π

Τ = temporal period

At    x = 0
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Fields are functions of both 

position (x) and time (t)



The simplest solution to the partial differential 

equations is a sinusoidal wave:

E = Emax cos (kx – ωt) 

B = Bmax cos (kx – ωt)

The angular wave number is k = 2π/λ

λ is the wavelength

The angular frequency is ω = 2πƒ

ƒ is the wave frequency
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