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Outline

o Part 1: Birefringence
¢ Part 2: Birefringent Eilter




Birefringent Crystal

¢ In 1969, Erasmus Bartholius described the double
refraction observed in calcite.
¢ When a beam of ordinary unpolarized light Is Incident on a

pbirefringent crystal, there will be, In addition to the
reflected beam, twoe refracted beams in place of the usual

single one ebserved.
¢ Other examples of birefringent crystals: guartz,
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Double/Triple Refraction

¢ In an anisotropic medium:

¢ The dielectric permittivity tensor - can
pe diagonalized so that:

¢ e corresponding refiractive Indices:

¢ lsetrepic crystal (glass):
Uniaxial crystal (Calcite):
Biaxxdaal cry/stal s (( )




Ordinary Ray and Extraordinary Ray

In uniaxial crystal,

n,=n,=n, (ordinary refraction

Index); ns=n, (extraorainary.

refraction index)

I n.<n;: negativecrystal (eg:
Cal Cite) Emerging light rays
IR <n: positive crystal (eg.

Quartz)

[Define the twoireliractied rays as
erainany ray: and extrasrainan ray.

Tihere exisis.an “eptical axis’ in
the crystal. I thelneceming|ray. Is
parallel tertharaxis, ey and e
Y WO I9e separaied.




Huygens wavelets of o & e rays

¢ O wavelets spread at a same
speed In all different optical axis
directions, forming a spherical
wave front.

E wavelets, however, spread
at different speeds in different
directions, and form an
ellipsoidal wave front.

fhe twe wave fronts; > &
are tangential at the direction
off the optical’ axis. (same
Speed aleng optical axis)

Negative Crystal




Polarization of o&e rays

¢ Which part ofi the incoming light Is o ray, which part is e ray?

¢ We can tell them from their directions off polarization.




Example 1

¢ Incoming light normal to the surface.
¢ Optical axis noermal to the surface.
¢ No double refraction.




Example 2

Incoming light normal te the surface

Optical Axis parallel to the surface
No explicit double refraction can be seen, but the e ray and
the o ray will travel at different speed after passing the

crystal.




Example 3

» Light iIncoming with an angle to the surface
» Optical axis normal te the incident plane
¢ Double refraction happen, but still' in the incident plane




Conclusion of Part 1

¢ In the most general cases, e-ray cam be
out off the Incident plate.

¢ Different travel speed ofi o-ray and e-ray
will cause their phases to be different after
passing threugh the birefringent crystal

¢ [IhIS preperty can be used I ene parkt of
the laser system: Birelhnnegent Ellter.




Part Il Birefringent Filter

Outline:

¢ Iwo classical designs
¢ Lyot Eilter

¢ Application




Two classical designs

¢ Lyot filters:

1933, Bernard Lyot, French; astronemer

1938, Y. Ohman, censtructed first Lyot
filter for selar elservations

¢ Solc filters:

1955, Ivan Selc, Czech Inventor of
pIrefrngent pelanzing filters




Two Classical Designs

¢ Lyot filters:

¢ Solc filters:

E Analvee

‘ I ‘ F1G. 1. Birefringent filter of three elements.
L

| . " Optical retarders
’ d (172 wanie plates)




¢ Phase Shift:

& [he Iintensity of the
transmitted beam:




¢ Thickness d,=d
Phase Shiffit
Transmission

¢ [hickness d,=2d
Phase Shift
Transmission

¢ Transmission of the
LW plates:




F1c. 1. Birefringent flter of three elements.

Fuc. 2. Transmission curves for clements of Fip, 1. (@) by
(b bagra; () Baabapa; (d) Bafaz (&) Dypubaprabegin.
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A simple filter ofi six quariz plates, measure
Hlinereffhyaregeniinitne Soelar Corena




Other Applications

¢ Birefringent tuning Iin dye lasers

» Generating Full color 1n a liguid
Crystal Display.




Summary

¢ Use birefringent media between
polarizers

¢ Narrow transmission to a desired
pandwidth

» Applications
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