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Problem 7.60)

By definition p, = EJEB) /Efg. We shall also invoke the generalized form of Snell’s law, k,(cr) =

k,(ci), and the dispersion relation k2 + k2 = (w/c)?*né(w).
a) kD = ny(w)(w/c)(sind X — cos 0 2).
£, = (08 E92) expl (k0 -~ ).
From Maxwell’s 1" equation: V-E=0 - Kk®- ES) =0 - EZ(B) = (tan B)E,Eig.
From Maxwell’s 3 equation: VX E =—0B/dt - k® x ES) = quHg)
- Hgi) = Zyny(w)(sin@ X — cos O 2) X (E,Eig;’\c\ + Ez(gﬁ)

= —Z5'no(w)[sin 6 ES + cos 0 ENy

= —Zyn, (a))ESO)?/cos 6

=—Z;n, (w)Elgi)?.
Consequently, HO (r,t) = HY exp[i(k© - r — wt)].
Applying similar procedures to the reflected beam, we find

k™ = ny(w)(w/c)(sinf X + cos 6 2).
EY(r,0) = (EQ% + EQz) expli(k® - 7 — wt)].
From Maxwell’s 1% equation: V-E=0 - Kk©- Eg) =0 - EZ(B) = —(tan H)E,EB).
From Maxwell’s 3" equation: ¥ x E = —0B/ot - k® x Eg) = powH®
- ng) =Z;ng(w)(sin@ X + cos 6 2) X (EJ%)Q + Ez(g)i)

= —Z5'no(0)[sin 6 E) — cos 6 EDp

= Zy'n, (w)E,E??/cos 0

= Z5 'no(w)ppExly/ cos 6

= Z5'no(@)ppEy 9.
Consequently, H (r,t) = H gr) exp [i(k(r) -1 — wt)].
b) (SD(r,t)) = VzRe{ES) X HB(D} = —%Z;in, (w)Re{Er(,i)(cos 0% +sinf2) x E;(i)?}

2
— 1/nglno(w)|Elf(,l)| (sin@ X — cos 0 2)



NV
= 1675 'no(0) || ED.
(SO 0)) = VzRe{Eér) X Hz(r)} = %Zyn, (w)Re{ppES)(cos 0% —sinf2z) x p;;E;(i)?}
N2
= 1/nglno(aJ)|ppEr()l)| (sin@ X + cos 0 2)
N2
= %25 'no(w)|pp P |EL | &,
The time-averaged Poynting vectors of the incident and reflected beams are seen to be along
the corresponding directions of propagation. The rate of flow of energy of the reflected beam is

that of the incident beam multiplied by | pplz. The phase ¢, of the Fresnel reflection coefficient
does not affect the reflectance of optical energy at the interface between the two media.




