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Problem 7.80) a) In the transparent dielectric medium, the k-vector is +(nyw/c)z, and the H
field magnitude is nyE,/Z,. Consequently, the incident and reflected fields are given by

ED(r,t) = Egexp[—i(w/c)(ngz + ct)]R, (1a)

HO(r,t) = —(noEo/Zy)exp[—i(w/c)(nyz + ct)]9. (1b)

E®(r,t) = pEsexpli(w/c)(noz — ct)]R, (2a)

HO(r,t) = (nopE,s/Zy)expli(w/c)(ngz — ct)]y. (2b)

In the absorptive substrate, the k-vector is complex-valued, that is, k = —(n + ix)(w/c)Z, and

the H field amplitude is (n + ix)/Z, times that of the E field. Therefore,
EO@r,t) = tEjexp{—i(w/c)[(n + ik)z + ct]}, (3a)
HO®@,t) = —(n + i) TEy / Zp) exp{—i(w/c)[(n + i)z + ct]}y. (3b)

b) Matching the boundary conditions means enforcing the continuity of the E and H, at z = 0.
We will have

EP(z=0+E (z=0")=E7(z=07) - E+pE = Tk, (4a)
HP(z = 01 + B (2 = 09) = H{P(z = 07) > noEy —nopEy = T(n + i)y, (4b)

Solving the above equations for p and 7, we find

ng — (n+ik)

p= ny + (n+ik)’ (5a)
_ _ Zno
t=1+p= ng + (n+ik)’ (5b)

c) The time-averaged rate of EM energy flow per unit area per unit time is (S(r,t)) =
%Re(E X H™). The corresponding entities for the incident, reflected, and transmitted beams are

(SO (r, 1)) = —¥aRe{Ey exp[~i(w/c)(noz + ct)] (noEg/Zo) expli(w/c) (noz + ct)}2

= —1noZy | Eo|*2. (6)
(SO (r,0)) = YonyZy | pEy|%2. (7)
(SO(r, 1)) = —¥aRe{tE, exp(—i(w/c)[(n + ix)z + ct])

X (n—ix) (t*Ey/Zy) exp(i(w/c)[(n — ix)z + ct])}2
= —¥nZi|tEy|? exp(2kwz/c) 2. 3

d) The energy balance equation at z = 0 may thus be written as follows:

no—molpl2 =nltl2  — oI+ (Z)lel? = 1. ©)



To confirm the above energy balance equation, note that

2 « _ (ng—n—iK)(ng-n+ik) _ (ng—n)?+x?
|P| PP = (ng+n+ik)(ng+n—ikx) - (ng+n)2+x?’ (loa)
2 _ * 4”%
|t]* =77 = e (10b)
Consequently,
2 r 2 _ (ng-n)?+x? ann, _ (no+n)2+ik2
Il + (Tlo) Iel* = (Mo+n)2+k2 ~ (no+n)2+k2  (ng+n)2+x2 1. (11)

The energy absorbed in the substrate is thus seen to be precisely equal to the difference between
the incident and reflected energies.




