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Problem 7.53) a) We use the dispersion relation to find %, in terms of k,, @, and material
parameters for each plane-wave. We then proceed to relate the various components of the E£- and
H-fields to each other and to the k-vector through the use of Maxwell’s equations. The dispersion
relation is

K=k 4k + k= (0l m(@)e(@) -k, = (0/c) y(o)e(@)— k2 -k’ (1)
Considering that k,=0, and using the relevant parameters for each of the two media, we find
K =~/ O u(@) e (@)~ (ck, /o) ; (2a)
The choice of sign for the square root must
r_ _ 2. be made such that the imaginary part of £, is
kz (@/ C)\/ ,ua(a))ga(a)) (Ckx/a)) ’ positive for upward-propagating waves, and (2b)
negative for downward-propagating waves.

kL =~/ ) uf@)e(@)—(ck o) ; (2¢)
For p-polarized light, Maxwell’s 1* equation yields
E;p = _(kx /k;)E)lcp
V-D=0 —» k-E,=0 —> kE +kE =0 — E;p =—(k, /kzr)E;p 3)
E;p = _(kx /k;)E)tcp
As for the H-field of the various p-polarized beams, we use Maxwell’s 31 equation to write
VxE=-0B/ot — kxE=pu(@)oH — kE —kE =uuo)ol,,

= (K} +kD)E, = p, (@) ok H,,
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_ (w/c)e(w) _(w/c)e ()
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For the s-polarized light, we use Maxwell’s 4® equation to relate H; to Hy, as follows:
H;S = _(kx/k;)H)lcs
k-H=0 —> kH +kH, =0 — H;S:—(kx/k;)H;S %)
H;S = _(kx /k; )H)tcv



The E-field of the s-polarized beam is readily obtained from Maxwell’s 2™ equation, that is,
VxH=0D/dt — kxH=-¢e(@)0E — kH —-kH =-¢&@)0E,
- kH,  + (kf lk))H,  =—¢&,&(®) wE, — (kf + kZ2 VH,  =—¢ &(w) a)kZEys

- (@l u(@)e(@) H, = —5,e@)0kE, — (0/p@)H, =-¢ckE,

ys 1 0" xs
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b) For p-polarized light, the continuity of E, and D. at the z=0 interface yields

E;p +Ey, =E,, R E;p +Ey, =E,, (7a)
D;p +D}, =D!, gogaE;p +&,6,EL, = 6,6,EL, (7b)

Use Eq.(3) in Eq.(7b), then

i i rNpro t i r
substitute for E',, from Eq.(7a). - (gakx /kZ )EXP + (Eakx /kZ )EXP - (gbkx /kZ )(EXP + EXP)

— (& /KD~ (8, | kDIEL, =[(8, / k)~ (&, | KDIEL,

LBy, (g, k) —(5, /KD ekl -kl

Use Egs. (2a,2b) to set k' =—k.'. |—> =P _ = | (®)
Pr Ey, (s,/k)~(gy/ky) e,k +eks
The transmission coefficient 7, is found from Egs.(7a) and (8), as follows:
- ~ 2¢,k!
r =E. /JE' =1+(E' /E. )=14+p =——28"2 _ 9)
p = Fxp ! Fxp (Exp/ Exp) Pp kit £
c¢) For s-polarized light, the continuity of H, and B at the z=0 interface yields
B + B =Bl Hobta HL + o plo HE = oty H (10b)
Use Eq.(5) in Eq.(10b), then i i Nyt t i r
substitute for H', from Eq.(10a). > (kIR Hg + (uak TR ) H s = ('ubkx [ ez )(H s + H)
= [t D) = Caty M 5 = [ty 1K) = (pty RV
: HE ty i t_ i
Use B (2a2b) o set ki =k |y Tas _ (TR =ty TK:) _ pakc = ppk (11)

Hi (i KD =ty 1K2) gl + gkl



The Fresnel reflection coefficient for s-polarized light is defined as p, = E} / Eiys. From Eq.(6),

it is clear that p, =—H" / H' . Therefore,

ki _ kt
= ﬂb?—ﬂazt_ (12)
,lek; +:uakz
The transmission coefficient for the H-field is found from Eqs.(10a) and (11), as follows:
. . 2u. k!
HYVHY =14+ (HE JHL ) =—Fa% (13)
:uakz +:ubkz

The Fresnel transmission coefficient for s-polarized light, being defined as 7z, = E)t, o/ E)i)s, may

now be found from Eq.(6) as 7,= (,ubk; JukHH' /H! . Consequently
Zybk;

T, =— . (14)
’ ,uak;+,ubk;




