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Calculation of the reflection coefficient
with a system non-absorbing layers
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An expression is derived for the reflectivity of the electromagnetic radiation on a multi-
layer system with the help of the transfer matrix.
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Propagation of the electromagnetic radiation through and out of the multilayer system
- Let us consider the case of a nc;rmal mmdenge of th? electromagnetic radia-
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he limit condmon with the ¢ (rpép of eIec tric and_magnetic fields
can be written separateyat eac horder 4 OI' notations see Flg as.
B0+ B0 =EkFEK
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Ep_ieikp-itp-i-\-E "ie-ikp-itp-i = ET ]
“'p-i{fEp-ieikp -ihp-i — E'p_i(i~ikp-ihp -i)=n E T) order 7~ ~NiP )

Let us introduce the following notations:
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mKW
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Apl = WJ-1 (Ep-1 —
iL:g%
Let ug write the transfer matrices mx, m2,..., Mp_x of the first, second
and (p —13 layers
Iy, - (osfeiM e st
in~inlci~  COSTh1
1008 T2 o smfc2ft2

“ WjSinfej® cosTm
3)

jf A (C0SMp-1np-] SiNkan , %,
—m3B Lsinfed 141 1 codfin-|
Applying Euler’s relations eia = cosatsina we have
(Ei+E'i)cos1Cihi +i(E 1—E()8m]Cihi = E2+E2,
n}(Ex—E'i)coskini + ini(Ei + EX)&micihl - n2(E2—E2) @
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Solving the system (4) against the components of axvector we obtain

- E2+E2  — SINfT

Ex+K = —(K>AHXK

A2 A2 /\a COS kxhx (5)

E2{E2|
NAEX-E[) r%sfq% hx naEz—gg (MAIZ

Bg é AQX and (vx22 We denote the components of the vector (v 2.
ACcordingly we can write

AJ —HHA 2. (6)
Similarly for the other vectors we et

A2 —M2A3 ..., Ap_x = Mp_xAp. )
Combining these equations we have

Z -M.M, MP_X = (8)
The vector axcan be written in a Simple manner as
9
We assume the notations;

K - R, (10)

furtfw- reflecti IVI r and the transmission « of the multilayer system can be

erlve a
r=R2 =T (11)
Using the notation (10) and substituting (9) in (8) we have
12)
Multiplying Eq. (12) with the inverse matrix -1 we get
(13)
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By further multiplying Eq. (13) with the line matrix (nx—L) we obtain

(14)
where from we get
B = - (L5)
{nx—1)M 1 -
The inverse matrix of the first layer is equal to
[ c0s&" — sinfex (16)
WiSin™ oS ki
while its complex conjugate is
(L7)
With the aid of the Pauli matrix
(18)

the Eq. (18) can be written as

M1+ —(B)fflas 19
Then the inverse transfer matrix and its conjugate are given by

i 120" 1 I\

(20)
M - = azM~la3.
Finally, the complex conjugate reflection coefficient is
—=ff f i
B* = (S - I) t) @,
b-0) iy

The reflectivity 0{ the incident radiatjon or% the rHuItiIa er system can be
then ontained by multiplying the expressions of s and e+ given y Eqgs. ?15),
(21).
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PacieT Koa"JmijHeHTa oTpaxceimsi b cnereMe HenorjiomaiomHX cjioes

BhiBefleHO BhipaxceHue w « pacneTa KoanJmHieHTa 0TpaaceHHH ajieKTpoMaraHTHoro H3jiyHeHHa ajw
MHorocnotaok CECTOVO npu noMonm: MaTpHujbi nepexofia.



