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Pulse propagation in dispersive media

Phase  velocity:  𝑐𝑐 = 𝜔𝜔
𝑘𝑘

Group velocity: 𝑣𝑣 = 𝑑𝑑𝜔𝜔
𝑑𝑑𝑘𝑘

= 𝑐𝑐0
𝑁𝑁

Group index: 𝑁𝑁 = 𝑛𝑛 − 𝜆𝜆0
𝑑𝑑𝑑𝑑
𝑑𝑑𝜆𝜆0

𝑐𝑐

𝑣𝑣
Pulse at z = 0 Pulse at z

Group velocity dispersion (GVD): 𝑣𝑣 is frequency dependent  ⇒ Different freque-
ncy components travel to the same z in different times. The delay due to δν  is

 If the spectral width of a pulse is σν , the pulse spread will be                           .

− GVD coefficient
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Normal and anomalous dispersion

Artificial optical nanomaterials:  Metamaterials  (µ ≠ µ0)

𝑛𝑛 = 𝜖𝜖
𝜖𝜖0

𝜇𝜇
𝜇𝜇0

. 

𝜂𝜂 = 𝜇𝜇
𝜖𝜖

,

𝜖𝜖 = − 𝜖𝜖 ,
𝜇𝜇 = −|𝜇𝜇|

𝜂𝜂 > 0, 𝑛𝑛 < 0

Dλ = Dν dν/dλ

FUSED SILICA

𝑛𝑛 < 0

Dν > 0

Dν < 0



Chapter 6

POLARIZATION 
OPTICS  I
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Light polarization
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ϕ = ±π/2 E1 = E2

RCP                     LCP (at fixed t, looks like a left screw)

linear polarization
(helicity is not defined)

RCP and LCP

Some ϕ

𝜑𝜑 = 𝜑𝜑𝑦𝑦 − 𝜑𝜑𝑥𝑥

http://en.wikipedia.org/wiki/File:Circular.Polarization.Circularly.Polarized.Light_Without.Components_Right.Handed.svg
http://en.wikipedia.org/wiki/File:Circular.Polarization.Circularly.Polarized.Light_Without.Components_Left.Handed.svg
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Poincaré sphere and Stokes parameters

s1
s2

s3
s

S1
S0

S2
S0

S3
S0

(intensity)

, where                               . 

Stokes parameters:

Each point 𝑠𝑠1, 𝑠𝑠2, 𝑠𝑠3
on the sphere defines
a certain polarization
state.

Unit-radius Poincaré sphere is the surface of coordinates 𝑠𝑠1, 𝑠𝑠2, 𝑠𝑠3 = S1
S0

, S2
S0

, S3
S0

.
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Jones vectors
, where                               . 

Jones vector:

The Jones vector can be normalized by requiring  |Ax|2 + |Ay|2 = 1.  Then, 

𝐉𝐉 =
𝐴𝐴𝑥𝑥
𝐴𝐴𝑦𝑦

For orthogonal polarizations,                                                       =  0.  Any polarization 

can then be expanded as  J = α1J1 + α2J2 = (J ⋅ J1)J1 + (J ⋅ J2)J2. 

.
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Jones matrices

J1 J2

⇒

Polarizer: Wave retarder:

Polarization rotator:

Coordinate transformation:

λ/4 λ/2
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Reflection and refraction

The electromagnetic boundary conditions yield the solutions: 

For nonmagnetic transparent dielectrics, one obtains the Fresnel equations:
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Reflection at a boundary

1
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2 90sinsin
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n
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n

=°=cθ

Total internal reflection at

We have  rTM = 0  at the Brewster angle:  tanθB = n2/n1.

TE and TM polarizations show different 
magnitudes and phases of both r and t.

Power reflection and transmission:  R = |r|2 and  T = 1 – R ≠|t|2.
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