
Geometrical Optics 

One exam: 11:30 to 12:20 pm (Monday, 12/07)

Last submission day for reports – Friday, (12/11/14). 

Brewster’s Angle



Open book and notes; bring calculator; Google is not allowed!

About Exam

Five questions: (1) Uncertainties; Error propagation

(3) Michelson Interferometer (calculate coherence 
length, interference of frequency doublet…)

(4) Diffraction ( Fraunhofer or Fresnel ? Grating equation ….)

(2) Fabry-Perot Interferometer (fineness, resolve power, free 
spectral range…)
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The ray entering a higher-index medium bends toward the normal 
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Dipole radiation pattern

Dipole oscillation is in the same direction of light polarization, which is 
perpendicular to the light propagation direction.





Polarization of Light
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General Brewster’s Angle

Polarization by Reflection

Incident  Ray

Refracted Ray

Reflected Ray

Sun Glass: Polarized glass

E is perpendicular to k. 
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Dipole  oscillation

Polarized Reflection: Electron-Oscillator Model
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Dipole radiation pattern

Dipole oscillation is in the same direction of light polarization, which is 
perpendicular to the light propagation direction.
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Dipole  oscillation

E is perpendicular to k. 
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Brewster’s Angle
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Implementation: Electrical transport measurements of graphene

 Task: Repeat the first experiment done by the Manchester’s team -> Nobel Prize in 2010
 Objective: Electronics, optics, condensed matter physics
 Spirit: Simple experiment -> Beautiful Science



Graphene Preparation

Microscope Image of monolayer graphene



Analysis of Optical Properties of Graphene
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First task: Calculate Optical 
Interference Effect
Ref: Blake et al., Making Graphene 
visible, APL, 91, 063124 (2007)



Implementation: Electrical transport measurements of graphene

First task: Calculate Optical Interference Effect

Ref: Blake et al., Making Graphene visible, APL, 91, 
063124 (2007)

Second Task: Using image processing in 
Mathematica/Matlab to analyze the optical contrast 
(2.3% for each layer ~ 𝜋 ∗ 𝑓𝑖𝑛𝑒 𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡)

Ref: Nair et al., Fine structure constant defines 
visual transparency of graphene, Science (2008)
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Dirac Cone Electronic Structure

Electron mobility ~200,000 cm2 /v.s

K. I. Bolotin et al., PRL 101, 096802 (2008)

Fundamental Physical Properties of Graphene Atomic Membrane 

Y.-M. Lin et al., Science, Vol. 327. 662 (2010)



Electrical transport measurements of graphene

Indium contact

Indium contact

D
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(1) Understand electron and 
hole transport of massless 
Dirac Fermion

(2) Calculate fundamental 
electronic properties, such 
as mobility calculation


