Reflection & Transmission of EM Waves

Reading - Shen and Kong - Ch. 4

Outline

e Everyday Reflection

e Reflection & Transmission (Normal Incidence)
e Reflected & Transmitted Power

e Optical Materials, Perfect Conductors, Metals



TRUE or FALSE

1. Destructive interference occurs when two waves are
offset by a phase of “21tm, or half a wavelength.

2. The intensity of a plane wave oscillates in time. This
means it is always constructively and destructively
Interfering with itself.
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Waves in Materials

£=(n—jK)Q
C

Index of refraction

Absorption coefficient

2k 4ax
a = —
C A




Incident and Transmitted Waves

same amplitudes E Normal Incidence
. incident wave

% 2 transmitted wave

reflected wave

Medium 1 Mediuny2
Incident Wave Transmitted Wave




EM Wave Reflection
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Inciden%and Transmitted Waves
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Key Takeaways

e Define the reflection coefficient as

e Define the transmission coefficient as
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E-Field Boundary Conditions
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H-Field Boundary Conditions




Incident EM Waves at Boundaries

3,

incident wave

Medium 1 Mediim 2

Normal Incidence

e

Incident Wave Known

B oA —ik1z

i — £EE06 J

7 1 2 n ~ 1 —7ki1z
H, = —2x E; =§—F'e

10




Reflected EM Waves at Boundaries
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Transmitted EM Waves at Boundaries
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Reflection & Transmission of EM Waves at Boundaries
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Reflection of EM Waves at Boundaries
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Reflectivity & Transmissivity of Waves

e Define the reflection coefficient as

e Define the transmission coefficient as

What are the ranges for r and t? Is energy conserved?
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Reflection & Transmission of EM Waves at Boundaries
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Additional Java simulation at
http://phet.colorado.edu/new/simulations/
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Reflectivity & Transmissivity of EM Waves

Note that

The definitions of the reflection and transmission coefficients
do generalize to the case of lossy media.

For loss-less media, r and t are real:

For lossy media, r and t are complex:

Incident Energy = Reflected Energy + Transmitted Energy
R = |r]? ... fraction of incident power that is reflected

T = 1-R ... fraction of incident power that is transmitted
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Reflectivity of Dielectrics

Consider nearly-lossless optical materials. For typical dielectrics,
M1 = My = M.
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Image by Will Montague http://www.flickr.com/
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Reflection of EM Waves at Boundaries

REMEMBER:

N\ ~ J N\ ~ J
In terms of the In terms of
characteristic the index of
impedances refraction,
assuming
M1 = M2 = Mo

Animations © Dr. Dan Russell, Kettering University. All rights reserved. This
content is excluded from our Creative Commons license. For more information,

see http://ocw.mit.edu/fairuse.
What is different in the two reflected waves ?

Which side is air and which side is glass ?
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Why does metal reflect light?

© Kyle Hounsell. All rights reserved. This content is excluded from our Creative

Commons license. For more information, see hitp://ocw.mit.edu/fairuse.



Microscopic Lorentz Oscillator Model
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Microscopic Lorentz Oscillator Model

... for FREE ELECTRONS IN METALS

Drude Model for metals
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Reflectivity of Silver
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Ice 1S more reflective than water

70-80% of
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Thin Film Interference

Constructive
interferenc

Incident
lig

Image by Yoko Nekonomania http://www.
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27



MIT OpenCourseWare
http://ocw.mit.edu

6.007 Electromagnetic Energy: From Motors to Lasers
Spring 2011

For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms.






