
Problem 9,17
Equation 9.106 :::} fJ = 2.42; Eq. 9.110 :::} 


Jl- (sin 0/2.42)2 . 

a= 

cosO 
. 

a-fJ 
(a) 8 = a :::} a = 1. Eq. 9.109=> (::) = a+fJ = 

1 - 2.42 = _ 1.42 = 1-00415', 
1 + 2.42 3.42· ' . 


EOT) = 2 = _2_ = 1"-:-0-.58-5-""
( Bot a + 3.42 
(b) Equation 9.112 :::} OB = tan-1 (2.42) = 167.50 

.' 

(c) EoR. = EOT :::} a - fJ = 2;a =(3 + 2 =4.42; 

(4.42)2 cos28 = 1 - sin28/(2.42)2 j 


(4.42)2 (1 - sin28) = (4.42)2 - (4.42)2 sin28 

= 1- 0.171 sin2 OJ 19.5 - 1 = (19.5 - 0.17) sin2OJ 

18.5 = 19.3sin2 sin20 = 18.5/19.3 = 0.959; 


sin 0 = 0.979; 
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Law 0/ refractIon: ~O

2 =-. [Note: kJ' r - wt =kR' r - wt = kT . r - wt, at z = 0, so we can drop all 
sm I VI 

exponential factors in applying the boundary conditions.] 

Boundary condition (i): 0 = 0 (trivial). Boundary condition (iii): IEo, + EoR. = EoT.' 

d" (..) 1 Ji._ • a 1 Eo- '0 1 Ji._ '0 Ji._ Ji._ (VI sin ()2) ­Boundary con 1t1On 11: -.<,;I{JI S10UI + - nsm 1 = -.<,;I{JT sm 2 :::}L:lQI +.<,;I{Jn = '0 EoT, 
VI VI V2 V2 8m 1 

But the term in parentheses is I, by the law ofrefraction, so this i& the same as (ti). 
1 [1. 1 - ] 1 ­Boundary condition (iv): - -BoI(-cOSOI) + -Boll cosfh = --BoT(-coS()2) :::} 

1-'1 VI VI 1-'2t12 

- - (l-'lVl COS62) - _ COS02 _ !JI V I ...-1-_--_----_-""'1
Bol - Bon = a EaT' Let Q = --a-; fJ = --. Then EOl - EOn = afJBoT· 

l-'at12 cos Ul cos U1 !JaVa· . 

Solving for Eon and EoT: 2Eo, =(1 + a(3)EoT :::} EoT = (1 +2afJ) EoI ; 

• 
- EoR = EOT - EOI =C+2afJ - ! : :~) Eo, :::} EoR = (~ ~ :~) EoI' 

Since 0: and fJ are positive, it follows that 2/(1 +afJ) is positive, and hence the- transmitted wave is in phase 

with the incident wave, and the (real) amplltud., are related by IEoT = (dc;p) Eo, .1 The ..ft"ted wave i, 



in phase if a{3 < 1 and 1800 out of phase if a{3 < 1; the (real) amplitudes are related by EOn =Ih-*I Eo/. 

These are the Fresnel equations for polarization perpendicular to the plane of incidence. 

Jl-sin
2

8/{32 V{32 -sin28 
To construct the graphs, note that a{3 ={3 () = ()' where (} is the angle of incidence, 

cos cos 
V2.25 - sin2 0 

so, for B = 1.5, a{3 
cosO 
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Is there a Brewster's angle? Well, EOR = 0 would mean that af3 = 1, and hence that 

Vl-(v2/vd2sin28 1 1J2V2 (V2)2 . 2 (1J2V2)2 2 
a = () = ii == --, or 1 - - sm (J = -- cos 8, so 

cos /J IJI Vl Vt IJl Vl 

21 = (::) 2 [sin2 0 + (1J2/IJd 2 cos (J]. Since IJl ~ 1J2, this means 1 ~ (v2/vd2, which is only true for optically 

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 1J2 were substantially different from ILl, and the relative velocities 
were just right, it would be possible to get a Brewster's angle for this case, at 

222 . 
VI) = 1 _ cos2 (J + (1J2) cos28 => cos2 (J = (VdV2) - 1 = (1J2€2/ ILl tid 1 = (€2/ ti t} (ILd1J2) . 

( V2 ILl (1J2/ILd 2 -1 (IL2/lJl)2-1 (1J2/ILI)-{lJdlJz) 

But the media would be very peculiar.] 
By the same token, OR is either always 0, or always 11", for a given interface-it does not switch over as you 

change 0, the way it does for polarization in the plane of incidence. In particular, if {3 = 3/2, then a{3 > I, for 

Z 
a{3 = v'2.25 -OSin (J > 1 if 2.25 - sin2 8> cos2 (J, or 2.25 > sin2 (J + cos2 (J ::: 1. .; 

cos 

In general, for {3 > 1, a{3 > 1, and hence OR = 11". For {3 < 1, a{3 < I, and OR = O. 

. ( 2 ) 11-{31At normal incidence, a = 1, so Fresnel's equations reduce to EoT :::: 1 + {3 E01 ; EOR = 1 + {3 Eo1 , 

consistent with Eq. 9.82. 

R= (Eon)2 = (l-af3 )2 Referring to Eq. 9.116, Reflection and Transmission coefficients: 
EOr 1+ a{3 


