Problem 9.17
Equation 9.106 = 8 = 2.42; Eq. 9.110 =
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Lew of refraction: 51262 == [Note: ky-r—wt=kg-r~wt=ky -r—wt, at z = 0, so we can drop all
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exponential factors in applying the boundary conditions.]

Boundary condition (i): 0 = 0 (trivial). Boundary condition (iii):
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Boundary condition (ii): -—-Eg, sinfy + -I-Eon sinfy = lEg,. sinfy = Eg, + Egp = (w) Eg,..

But the term in parentheses i lS 1, by the law of refractxon, 50 thxs is the same as (ii).
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Solving for Eg, and Eo,: 2By, = (1 + af)Ey, = Eo, = (
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Since a and 8 are positive, it follows that 2/(1 + af) is positive, and hence the transmitted wave is in phase

with the incident wave, and the (real) amplitudes are related by | By, = (1 +2a13) Fo, .

The reflected wave is
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in phase if af < 1 and 180° out of phase if a8 < 1; the (real) amplitudes are related by | By, = 17 ad
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These are the Fresnel equations for polarization perpendicular to the plane of incidence.
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To construct the graphs, note that aff = 8 , where 0 is the angle of incidence,
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so, for 3 =15, a8 =
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Is there a Brewster’s angle? Well, Ey, = 0 would mean that af = 1, and hence that
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1= (v—?- [sin® 8 + (22 /141)? cos? 6]. Since gy = 1, this means 1 & (v;/v;)?, which is only true for optically
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indistinguishable media, in which case there is of course no reflection—but that would be true at any angle,

not just at a special “Brewster’s angle”. [If u» were substantially different from g, and the relative velocities

were just right, it would be possible to get a Brewster's angle for this case, at

(”1)2 —1-cos’f + (uz):zmsza: cos?f = (/)2 =1 (mee/me) -1 _ (efa)— (u/ps)

vz ™ (p2/m)* =1 (u/m)?~1 ~ (u2/m) = (ua/p2)’

But the media would be very peculiar.]
By the same token, dg is either always 0, or always =, for a given interface—it does not switch over as you
change 8, the way it does for polarization in the plane of incidence. In particular, if 8 = 3/2, then a8 > 1, for

. —3
of = —3%“—3?‘——” > 1if 2.25 — sin? 0 > cos? @, or 2.25 > sin?f + cos? § = 1.
In general, for 8> 1, af > 1, and hence p = 7. For 8 < 1, aff < 1, and dg = 0.
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At normal incidence, a = 1, so Fresnel's equatious reduce to Ey, = (-l-—f_—ﬁ) Eo,; Foq = lﬁ% Eg,,

consistent with Eq. 9.82.
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Reflection and Transmission coefficients: | R = (E%> = (1 aﬁ) .| Referring to Eq. 9.116,
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