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Pulse propagation in dispersive media
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Group velocity dispersion (GVD): v is frequency dependent = Different freque-
ncy components travel to the same z in different times. The delay due to ov is
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% If the spectral width of a pulse is ¢, the pulse spread will be ¢, = |D,|o,z.
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Normal and anomalous dispersion
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Artificial optical nanomaterials: Metamaterials (u# 1)
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Light polarization

z
& = A, COS [w (t—- —) +(pm]
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Ey = QoS [w (t - %) —l—goy]

E(z,t) = E,% + &,9,

P = Py — Py

linear polarization

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


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

Poincaré sphere and Stokes parameters
E(z,t) =Re {A exp [jw (t - —i—)] }, where A = A,X+ A,y .

Stokes parameters: [ Sp = a2 + a_g = |A. > +|4,]* (intensity)
—a, =4 -4

Sy = 2aza,cosp = 2Re{AA,}
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Unit-radius Poincaré sphere is the surface of coordinates (s;, S5, S3) = (—1 = —3).
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Each point (sq, S,, S3)
on the sphere defines
a certain polarization
state.




Jones vectors

E(z,t) =Re {A exp [jw (t - —i—)] }, where A = A,X+ A,y .

Ay
Jones vector: | = [A ]
y

The Jones vector can be normalized by requiring |A | + |Ay|2 =1. Then,
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For orthogonal polarizations, (Ji*J2) = A1z A3, + A1y A5, = 0. Any polarization

can then be expanded as J= o, J, + ,Jd, = (3 - J;)J; + (I - J,)d,.



Jones matrices
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Polarization rotator:

Coordinate transformation:
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Reflection and refraction
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The electromagnetic boundary conditions yield the solutions:
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For nonmagnetic transparent dielectrics, one obtains the Fresnel equations:
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t, = (1 +T'y) C0591 = \/1 - (nl/ng)zsinQ 91



Figure 6.2-2 Magnitude and phase of the re-
flection coefficient as a function of the angle
of incidence for external reflection of the TE-
polarized wave (nz/n, = 1.5).

Reflection at a boundary
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TE and TM polarizations show different
magnitudes and phases of both r and t.

Figure 6.2-4 Magnitude and phase of the re-

flection coefficient as a function of the angle
of incidence for external reflection of the TM-
polarized wave (ny/n, = 1.5).
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Figure 6.2-3 Magnitude and phase of the re- *
flection coefficient as a function of the angle |
of incidence for internal reflection of the TE- I

; 0
polarized wave (n, /ny = 1.5). 0 ]

Figure 6.2-5 Magnitude and phase of the re-
flection coefficient as a function of the angle
of incidence for internal reflection of the TM- 0 )

polarized wave (n, /ny = 1.5).

Total internal reflection at

: n, . n
sin@, =—2sin90° =%
nl nl

B "¢

We have Iy, =0 at the Brewster angle: tan&s = n,/n,.

Power reflection and transmission: R = |r|? and T =1-R #|t|>2
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