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DIRECT RELATIONS BETWEEN FRESNEL’S AMPLITUDE
COEFFICIENTS FOR THE BOUNDARIES OF PLANE
PARALLEL ABSORBING PLATE

By
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Abstract. I'n eddition to the direct relations between the Fresnel's eompler-amplitude
coeffieients for the interface of isotropie transparent and absorbing media, similar
relations are obtlained with all Fresnel’s coefficients — for eleetrie and magnetic
fields, TE and TK waves, transmission and reflection— for the inicrface of absor-
bing and transparent media. The analysis is restricted to the case of plane parallel
boundaries system, surrounded by transparent medium. These relations are inva-
riant under the dieleetrie functions of the two media, which form the interface.

Recently R. M. A. Azzam [1] has found a remarkable relation
between the Fresnel’s amplitude reflection coefficients for the parallel
and perpendicular polarizations at the same angle of incidence ¢:

rs{cos2g — 1y}

S e rsC082¢

(1)

The medium of incidence is supposed ta be isotropic transparent and
the medium of refraction — also isotropic transparent or absorbing.
Eqguation (1) is interesting with its independence on the dieleciric
functions of the two media which define the interface. As it is shown
in [2], such type of invariant relations may be obtained with all Fre-
snel’s amplitude coefficienls of the interface under consideration — for
electric and magnetic field, TE and TM polarizations, transmission
and reflection. Every one of these eight coefficients may be represented
by every other without use of material parameters, so the obtained
relations are valid [or all interfaces ol such a type. Several of these re-
lations are simple and widely used, but the remaining seem not to be
known earlier.
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Following the same idea as in [2] we shall show that similar
invariant relations may be derived also for the transmission through
and reflection form an interface of absorbing and transparent media
if the imcident inhomogeneous wave is formed at a boundary which
is parallel to the concerned interface.

Liet us suppose an absorbing multilayer which is bounded by die-
lectric medivm of refractive index n, The wave incident upon the
first boundary of this stratified medium will be presumed to be homo-
geneous one. The angle of incidence is ¢. Since tle refraction angle
after passing the last boundary, according to the Snell’s law, is also ¢,
the Fresnel’s amplitude coefficients for the considered interface bet-
ween the last layer with complex refractive index N =n + ik and the
final phase with refractive index n, may be written in the following
form [3].

TE wave:
o — Ers (€ —sin?p)l2 — coso o By
e Eis o (G—sinch)h’z -+ cosp ? Pr Bip - P,
Eus 2 (e — sinZgp /2 By —
R T (€ = sin?g)i7% + cosg ’ - n/Ve;
(2)
TM wave:
B ccosp — (€ —sing?)V2 _ 7§£ .
P — Eip - £e0sg + (€ — Singcp)lm ' fo = B. b,
_ Eu 2}’6“(6 — sinZg J172 Bi .
= Eip ecose -+ (€ — singg)L/2’ Fo = B —TD/VGJ

€ is the ratio of the dielectric function of the medium of incidence to
that of the medium of reiraction, i.e. € == (N/n, )2 Eliminating € hetween
every two of the above coeflicients, an invariant relation will be found.
As in [2] we shall give Y€ = ¢ as a function of all coefficients:

For pp==—pn=mn—1
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, (1 + ps® + 2ps00820 )12
1 e pg

I

for pp=—ps=1—r1¢

201+ 0p) (1= g + [(1 + g2 — (op— 1)%sin2gp 2y}
2{pp — 1)cose

b=

The cases {(vp) and 4 (=) lead to fourth arder polinomial equations

1

1—r2coste [ =p34- (0.25m2 — sin?p )42 + rpsined — 0.257,%8in% ] =0

-

which may be solved by different methods — numerically or by redu-
cing to cubic equations [2]. Substituting ¢ from {3) and (4) into (2)
we shall find the desired relations. For example, gp, 7e, p and Ttz as a
function of g. are

ps(ps +- cosZp) L —pd

1 + pscose A — 20,0082

v

Pp =

(1 4 ) (1 -+ ps® + 2pc0082¢ )12
1+ pscoslo

Tp —

(1 — ps?)cosy
(1 + @2 + 285c082p)12

T —

If the wave passes not through a set of parallel lamellae of absor-
bing materials, but only through one plane parallel faced absorbing
plate, then some amplitude coefficients of the second boundary (s, ©)
are simply connected with the amplitude coefficients of the first boun-
dary (r, t[2]), namely
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Ie = prn=—pgs =1 — (6)
e =pp=—po—=1—r1q
Since & is the same for the first and the second boundary, we are able
to caleulate every one of the Fresnel’'s coefficients by any other, regard-

less the interface, directly from (6) or using similar procedure of eli-
minating € in the remaining cases.
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AMMEZEL TXEZEIZ METAZY TON TTAATON TON
ZYNTEAEETQON FRESNEL I'TA TTX ENAOEIITIDANEIEZ
TON TTAPAAAHAGOGN EITEAQN ATIOPPODHLEQY
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(" Epyacripie Duoudjs “Huaywydr xai Texvolopiedy *Epsvvdy
Havemorrue  Zdpoog)

TMpdobzta otig Smapycuces oyfosig vdpece oTo TAATY TGV cuUVTIAS-
otév Fresnel vyis i évdosmpdvaieg lootpdmuy péowv Sivovrar xel ke
7 A ) £3 A A A 3 A b N PNYS
oyfosig yia Todg IBlouc cuvteheaTic wmel vid Hhcwutoind Mol payvnTixe medin
ut TE xai TM sxupdvosig yid ) meplntwon petadboeog-dvaxidosws xul
i Evdosmigdveier of {odtpoma péoa Swmepatbmtag ¥ dmoppugpiiczws. 'H
dvahoom mepopiletar 6T TERITTWOY GUSTAUETOC TRpXAAN ALY EmTESwy wad
4 1 by \ by 4 ¢ 4 2 A 3 3 !
meptBdrhovroe and 6 Swemepatd pego. Ol oyéosic adric slvar dvebapmyreg
TGV JimAenTenbv guvagThceny Tav wiswv Tob meptfaihouy Thv Evdosmipdveata.
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