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Light in Bulk (Dielectric) Matter

e0 Þe =e(w)

m0 Þ m = m(w)

For most material (nonmagnetic) m = m(w) @ m0

Dispersion
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Dispersion (Dielectric)
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Reflection and Refraction
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Reflection and Refraction
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Reflection





Reflection

Type equation here.

𝐴𝐶=𝐵𝐷

Type equation here.

𝜃𝑖 = 𝜃𝑟
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Reflection: Ray

𝜃𝑖 = 𝜃𝑟
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Refraction

𝑛𝑖𝐵𝐷 = 𝑛𝑡𝐴𝐸

𝑛𝑖𝐴𝐷 sin 𝜃𝑖 = 𝑛𝑡𝐴𝐷 sin 𝜃𝑡

𝑛𝑖 sin 𝜃𝑖 = 𝑛𝑡 sin 𝜃𝑡
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Refraction
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EM Approach
𝐸𝑖 = 𝐸𝑖0 exp[𝑖(𝑘𝑖 ∙  𝑟 − 𝜔𝑡)]

𝐸𝑟 = 𝐸𝑟0 exp[𝑖(𝑘𝑟 ∙  𝑟 − 𝜔𝑡 + 𝜑𝑟)]

𝐸𝑡 = 𝐸𝑡0 exp[𝑖(𝑘𝑡 ∙  𝑟 − 𝜔𝑡 + 𝜑𝑡)]

Boundary conditions at the interface: y=b

 





AC
Sd

t

B
ldE



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  𝑈𝑛 ∙ 𝜖𝑖 𝐸𝑖 + 𝐸𝑟 =  𝑈𝑛 ∙ 𝜖𝑡𝐸𝑡





Reflection and 
Refraction Laws

𝐸𝑖 = 𝐸𝑖0 exp[𝑖(𝑘𝑖 ∙  𝑟 − 𝜔𝑡)]

𝐸𝑟 = 𝐸𝑟0 exp[𝑖(𝑘𝑟 ∙  𝑟 − 𝜔𝑡 + 𝜑𝑟)]

𝐸𝑡 = 𝐸𝑡0 exp[𝑖(𝑘𝑡 ∙  𝑟 − 𝜔𝑡 + 𝜑𝑡)]

 𝑈𝑛 × 𝐸𝑖 + 𝐸𝑟 |𝑦=𝑏 =  𝑈𝑛 × 𝐸𝑡|𝑦=𝑏

 𝑈𝑛 × 𝐸𝑖0 exp[𝑖(𝑘𝑖 ∙  𝑟 − 𝜔𝑡)] + 𝐸𝑟0 exp[𝑖(𝑘𝑟 ∙  𝑟 − 𝜔𝑡 + 𝜑𝑟)] |𝑦=𝑏

=  𝑈𝑛 × 𝐸𝑡0 exp[𝑖(𝑘𝑡 ∙  𝑟 − 𝜔𝑡 + 𝜑𝑡)]|𝑦=𝑏

𝑘𝑖 ∙  𝑟 |𝑦=𝑏 = 𝑘𝑟 ∙  𝑟 + 𝜑𝑟 |𝑦=𝑏= 𝑘𝑡 ∙  𝑟 + 𝜑𝑡 |𝑦=𝑏

𝑘𝑖 ∙  𝑟 − 𝜔𝑡 |𝑦=𝑏 = 𝑘𝑟 ∙  𝑟 − 𝜔𝑡 + 𝜑𝑟 |𝑦=𝑏= 𝑘𝑡 ∙  𝑟 − 𝜔𝑡 + 𝜑𝑡 |𝑦=𝑏

𝑛𝑖𝑘0𝑥 sin 𝜃𝑖 + 𝑛𝑖𝑘0𝑏 cos 𝜃𝑖 = 𝑛𝑖𝑘0𝑥 sin 𝜃𝑟 − 𝑛𝑖𝑘0𝑏 cos 𝜃𝑟 + 𝜑𝑟 = 𝑛𝑡𝑘0𝑥 sin 𝜃𝑡 + 𝑛𝑡𝑘0𝑏 cos 𝜃𝑡 + 𝜑𝑡





Reflection and 
Refraction Laws

𝑛𝑖𝑘0𝑥 sin 𝜃𝑖=𝑛𝑖𝑘0𝑥 sin 𝜃𝑟=𝑛𝑡𝑘0𝑥 sin 𝜃𝑡

𝑛𝑖𝑘0𝑏 cos 𝜃𝑖=−𝑛𝑖𝑘0𝑏 cos 𝜃𝑟 + 𝜑𝑟=𝑛𝑡𝑘0𝑏 cos 𝜃𝑡 + 𝜑𝑡

𝜃𝑖=𝜃𝑟

𝑛𝑖 sin 𝜃𝑖=𝑛𝑡 sin 𝜃𝑡
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Fresnel Equations: Amplitudes

 𝑈𝑛 ∙ 𝜖𝑖 𝐸𝑖 + 𝐸𝑟 |𝑦=𝑏 =  𝑈𝑛 ∙ 𝜖𝑡𝐸𝑡|𝑦=𝑏

 𝑈𝑛 × 𝐸𝑖 + 𝐸𝑟 |𝑦=𝑏 =  𝑈𝑛 × 𝐸𝑡|𝑦=𝑏

 𝑈𝑛 ∙ 𝜖𝑖 𝐸𝑖0 + 𝐸𝑟0 =  𝑈𝑛 ∙ 𝜖𝑡𝐸𝑡0

 𝑈𝑛 × 𝐸𝑖0 + 𝐸𝑟0 =  𝑈𝑛 × 𝐸𝑡0
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Case 1: E perpendicular to the plane-of-incidence 

 𝑈𝑛 × 𝐸𝑖0 + 𝐸𝑟0 =  𝑈𝑛 × 𝐸𝑡0

𝐸𝑖0 + 𝐸𝑟0 = 𝐸𝑡0
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 𝑈𝑛 × 𝐻𝑖0 +𝐻𝑟0 =  𝑈𝑛 × 𝐻𝑡0
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Case 1: E perpendicular to the plane-of-incidence 

𝐸𝑖0 + 𝐸𝑟0 = 𝐸𝑡0

𝑛𝑖
𝜇𝑖
(𝐸𝑖0 − 𝐸𝑟0) cos 𝜃𝑖 =
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Case 2: E parallel to the plane-of-incidence 
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Snell’s Laws and Fresnel Eqs.

𝜃𝑖=𝜃𝑟

𝑛𝑖 sin 𝜃𝑖=𝑛𝑡 sin 𝜃𝑡
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Amplitude Coefficients

𝑛𝑖 < 𝑛𝑡 𝜃𝑖 > 𝜃𝑡

𝑟⊥ < 0 𝑟|| > 0?

𝜃𝑖 = 0

𝑟⊥ = −𝑟|| =
𝑛𝑖 − 𝑛𝑡
𝑛𝑖 + 𝑛𝑡



𝑛𝑖 = 1 < 𝑛𝑡 = 1.5
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𝑛𝑖 = 1.5 > 𝑛𝑡 = 1.0
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Reflectance & Transmittance
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Reflectance & Transmittance

𝑛𝑡𝑖 =
𝑛𝑡
𝑛𝑖

𝑇||

𝑅||
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4.7 Total Internal Reflection
𝑛𝑖 sin 𝜃𝑖=𝑛𝑡 sin 𝜃𝑡

sin 𝜃𝑡 =
𝑛𝑖
𝑛𝑡

sin 𝜃𝑖
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Total Internal reflection





4.7.1 Evanescent Wave


