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Physics�8.03� Vibrations�and�Waves� November�16,�2004�

Snell’s�law:� n1� sinθ1�=�n2� sinθ2.� This�holds�in�general:� sound�waves,�water�waves,�

E&M�waves.�Snell’s�law�is�not�the�result�of�Maxwell’s�equations.�

The�following�equations�(the�Fresnel�eqs.)�are�the�result�of�Maxwell’s�eqs.;�θ1�and�θ2�

are�connected�through�Snell’s�law.�

r‖ =� E0r‖/E0i‖ =�
n1� cosθ2�− n2� cosθ1�

n1� cosθ2�+�n2� cosθ1�
=� − 

tan(θ1�− θ2)�

tan(θ1�+�θ2)�
(1)�

r⊥ =� E0r⊥/E0i⊥ =�
n1� cosθ1�− n2� cosθ2�

n1� cosθ1�+�n2� cosθ2�
=� − 

sin(θ1�− θ2)�

sin(θ1�+�θ2)�
(2)�

t‖ =� E0t‖/E0i‖ =�
2n1� cosθ1�

n1� cosθ2�+�n2� cosθ1�
=�

2�sinθ2� cosθ1�

sin(θ1�+�θ2)�cos(θ1�− θ2)�
(3)�

t⊥ =� E0t⊥/E0i⊥ =�
2n1� cosθ1�

n1� cosθ1�+�n2� cosθ2�
=�

2�sinθ2� cosθ1�

sin(θ1�+�θ2)�
(4)�

• Special�case�of�normal�incidence:�θ1=0,�θ2=0�

n1�− n2 2n1(1)�&�(2)�⇒ (3)�&�(4)�⇒ 
n1�+�n2 n1�+�n2�

Notice�Bekefi�&�Barrett�flipped�Er� relative�to�Ei� at�z =�0;�Fig.�7.10.� I�prefer�not�to�

do�this�(see�figure�below).�Thus,�according�to�Bekefi�&�Barrett,�at�normal�incidence,�

E0r/E0i�= (n2�− n1)/(n1�+�n2).�

• Very�special�case:�θ1+θ2�= 90◦, then �r‖ = 0. This is the case when �tanθ1�=�n2/n1.�

Then�θ1� is�the�Brewster Angle.�
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Coefficients for n = 1.5

Here’s a plot for rTE = r⊥, rTM = r‖, tTE = t⊥, and tTM = t‖ for n = 1.5:
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The negative values of r describe conditions where the phase is inverted by 180◦ upon reflection.
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Reflectivity and transmittance IV

Now that we know R = r2 and T ! n(cos θt/ cos θi)t2, we can plot the reflectivity and

transmittance for n = 1.5:
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1.3 Reflection and Refraction of EM 
wavesReflectivity within the critical angle

With those considerations in mind, here’s what the reflectivity looks like for n = 1/1.50:
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Again, a negative coefficient r corresponds to a 180◦ phase change upon reflection.
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total internal reflection
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