K.P. MTAHOCSH, E.B. EHTUBAPSH, M.P. MAWJISAH, A.P. MANJISAAH

JIEKTPOHHO-JIBIPOYHOE B3AMMOJENCTBUE B YIJIEPOJIHbBIX
CJO4X, IOJYYEHHBIX TPEHUEM

VccnenoBaHbl ONTHYECKHE CBOWCTBA CIIOEB YIJIEpOJia, UX CHEKTPHI MOTJIOIMIEHHUS U Mpo-
MyCKaHMs, MOJTYUYEHHBIX TPEHHEM rpadyTa O MOBEPXHOCTh JAMIICKTPUUECKON TMOMI0XKKU. O0-
Hapy»XeHO, 4To (hpu3ndeckoe MOBEACHHUE MOJOOHBIX YIIEPOAHBIX CIOEB MOAOOHO MOBEACHHIO
TBEPJOTENbHBIX clloeB. OOHApyKEHO TakXKe, 9TO Ha ONTHYECKHE CBOMCTBA ITHUX CJIOEB OOJIb-
I10€ BIIMSTHHE OKA3bIBACT B3aUMOICHCTBHUE AJIEKTPOHOB H JBIPOK, KOTOPOE OMPEAEIISIETCS MOT-
JIOIICHUEM CBETa KBAa3MUYACTHIICH AJIEKTPOHHO-IBIPOYHON mapbl. I10 0COOEHHOCTSAM ONTHYECKHX
CIEKTPOB CJIETIAHO 3AKJIFOYCHHE, YTO B CJIOSAX, MOJIYYCHHBIX ITyTeM TPEeHHs rpaura, CyIecTByeT
HOJICTIOH yIOPsA0UEHHOTO KPUCTAIIIMYECKOTO TpadeHa.

Knrouegwie cnoga: yrnepon, cioit, rpadut, rpadeH, SKCUTOH.
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ELECTRON-HOLE INTERACTION IN CARBON LAYERS OBTAINED
BY RUBBING

The optical properties, spectra of absorption and transmission, of carbon layers obtained
by rubbing graphite against the surface of a dielectric substrate are studied for the first time. It
is revealed that the physical behavior of obtained layers is identical to that of solid-state layers.
It is also found that the electron-hole interaction has great influence on layer’s optical
properties, determining light absorption by excitons, electron-hole pairs. By the pecularities of
optical spectra it is concluded that in carbon layers obtained by rubbing a sub-layer of ordered
crystalline graphene is present.
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A SIMPLE METHOD TO OBTAIN THE RELATIONS BETWEEN THE
TRANSMISSION AND REFLECTION AMPLITUDES OF THE LEFT AND
RIGHT SCATTERING PROBLEMS

The proposed approach regarding the relations between the transmission and reflection
amplitudes of the left and right scattering problems has an explicit advantage compared to the
method of the subject relations received based on the group theory (see, for example, [1]).

Keywords: left and right scattering problems, transmission and reflection amplitudes,
Wronskian of the Schrodinger equation.

In this work, it is shown that the well known relations between the transmission
and reflection amplitudes of the left and right scattering problems can be obtained as a

52



result of the Wronskian constancy of the Schrodinger equation. As a linear independent
solution, the wave functions describing the left and right scattering problems are
considered.

First of all, let's discuss two kinds of motions: finite and infinite. In case of
finite motion, the wave function should be normalized to Dirac delta function, namely:

and as to infinite movement the following one is true:
f_-'-:: (pn(x) <P*nr(x)dx = dnn' (2)

Considering that the measure unit of the 3(k) function is the meter, the ¢ (x)
function will be immeasurable considering all the above mentioned.

It is well known that any dimensional quantum mechanics motion of the
stationary character is described by the one-dimensional Schrodinger equation:

% + (k2 —u(x)er = 0, 3)

where k = V2mE /1, u(x) = 2mU(x)/k*and E, U(x) are the total and potential energies.
The asymptotic behavior of the solutions of Eq. (3) when u(x = +o0) — 0 for a
potential takes place can be generally written

1 1 aexplikx}+b(k)exp{-ikx}, x— —ox0,
P(x, k) = — . .
27 \a'a+d d |c(k)explike}+d exp{-ikx}, x—> -+ @)
Here, for any potential form of u(x — o) — 0 the factor
1
2nva*a+d*d
(6))

provides the normalization condition of the scattering wave functions (see, for
example, [2]), which does not depend on the potential form (see Eq. (1)).

If one takes in Eq. (4)a = 1, d= 0(a wave falls to potential from its left side and
there is no wave falling on a barrier from the right side), thenc = T'(k), b = R(k)will
be the transmission and reflection amplitudes. Then the wave function ¢@(x, k)of the
asymptotic behavior Eq.(4) will correspond to the left scattering problem:

1 {exp {ikx} + R(k) exp{—ikx}, X — —o0,

(x,k)=——
Pres (X, ) L2z | T(k)explikx}, X —> 4. ©)
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For the right scattering problem (a wave falls to a potential from its right side
only and there is no wave falling on a barrier from its left side) in Eq. (4) it should be
takena = 0, d = land ¢ = P(k),b = S(k), so that

(x,k) 1 S(k)exp{—ikx}, ==
. X =
Prighi \X> \/ﬂ exp {—ikx} + P(k)exp {ikx}, X —> +0, (7)

where S(k), P(k)are the transmission and reflection amplitudes of the right scattering
problem.

To note that @er: (x, —k)and @p;gpne (x, —k) functions are Schrodinger equation
solutions, their definition will be derived from Eq. (6) and Eq. (7) respectively. It is
worthy to notice that ¢ (x, —k) = @*(x, k).

For easy references, the left and right scattering problems' schematic
presentation is attached below:

M, 4 Ul T (k) exp{ikx}
s
4—
4 U(x) exp{—ikx}
> ﬁ‘ﬂj P(k)exp{iks]

Fig. The schematic presentations of the left and right scattering problems

In the cases when the potential is missing, we will have this imaging:

2
Lkt k2 = 0;

dx?
— ,likx.
Prefr = €775 (8)
— ,—lkx
(pright =e .

Now let's denote@ and ¢,as different solutions of Eq. (3) and show that
Wronskian of these solutions is constant, namely

d d
W=, =z _ oy =1 = const. 9)
dx dx
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The derivation of this function will be:

aw a? a?
=R = a8 = =i (K = U@)py + 02 (k? = U(x))gy = 0. (10)

This means that W function is constant which we had to show.And as a result
we can say that

W (=) = W(+©). (11)

If 0,70, (%K) and ¢,=0, (X, —K), and therefore, when x— -0, we will have

the following wave functions: @, = e™ + R(k)e~**and 0, = e X + R(k)e!**. And
taking into account Eq.(11), the following relation will be received:

1—T(K)T(=k) = R(K)R(—k)
(x, —k), then T(k) = S(k).

To sum up, finally for the transmission and reflection amplitudes of theleft and
right scattering problems, the following relations will take place:

T(K)T(—=k) + R(k)R(—k) = S(k)S(—=k) + P(k)P(—k) =1, (12)
T(k) = S(k), T(k)P(—=k) + R(k)S(—k) = 0.

and ifp, = ¢,;(x,k) and ¢, = Pright

Note that in Eq. (6), Eq. (7) the factor is defined by Eq. (5) which

s
\or
provides the normalization condition of the scattering wave functions. It is important
to mention that the wave functions of asymptotes Eq. (6), Eq. (7) can be interpreted as
scattering wave functions if only the parameter k is considered as positive (k > 0) .

It should be mentioned that the scattering wave functions are orthogonal with
respect to each other as well (see, for example, [3]);

fjozo Prefe (6 k) Prepe " (x,k)dx = d(k — k'),

I @rigne (6 ) @rigne” (x, KD dx = 8(k — k") (13)

and

I o (6, 1) @rigne™ (6, K)dx = 0. (14)

These properties of the functions@yer (X, k), @rigne(x, k)are very important to
describe different wave processes by means of their linear superposition.
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1. NULUL3UL

uR 64 Qutv SrUUL L rLErk ULSUUL B4 UL PUHUMrAU UL
aNrouvuh8L6rh UhRG4 WUMNGrh USUSU UL NUMR UbkleN

Uo b dwfu gpdwl fjuunhpubph wugdwt b wunpwnwpddwu gnpdwyhgubph dhol Yw-
wbnh unwgdwt wnwowplywsd dninbignudu niuh pugwhwjn wnwybnyeniu fudpwiht mbunt-
[pwu ujwwndwdp:

Unwugpuyhti pwnbp. we U dwiu gpdwl fuunhpubp, wugdwt b wunpwnwpddwu gnp-
Sdwlhgubin, Sptinhugbph ypnuuljwu hwdwuwpnid:

A.P. BOCKAHSH

MMPOCTOM METO/1 IOJIYYEHUSI CBSA3U MEXKIY
KODS®OUILMEHTAMU PACCESIHUS U OTPAKEHUS IIPABOM U
JIEBOM ITPOBJIEM

[IpemmaraeMplii TOAXO IJI MOTYYICHHUS CBSI3U MEXAY KOd(D(UIIMEHTAMH pacCesHus U
OTpa)XEHUsI NPAaBOW M JIEBOW NPOOJIEeM MMEET OYEBHHOE MPEUMYILECTBO MO OTHOIICHHIO K
TEOpUHU IPYIII.

Knrouessie cnoea: mipaBas u neBast IpoOIEeMbl, KOXPPHUIINEHTHI PACCESTHUS U OTpake-
Husi, BpoucksaHoso ypasHenue llpenunrepa.

56



