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In this paper, the problem of diffraction of natural light on a grating of infinite periodic sequence of in-
finitely thin metal strips is solved. A quantum approach was applied to its solution. The solution of the dif-
fraction problem of a natural, unpolarized wave is based on the results obtained separately for the cases of
diffraction of H- and E-polarized photons, solved by the strict method of the Riemann-Hilbert boundary
value problem. The work is devoted to the calculation of the density of the probability of finding an H- or
E-polarized photon at a given point in space for the case when the photon flow falling on the grating is a
mixture of equal densities of H- and E-polarized photons. Since the diffraction pattern repeats with the
grating period [, the paper presents the results of calculations of the probability density | % |2 depending
on the y coordinate for one period within the limits of the change of ¥/l from zero to one. From the compari-
son of graphs |W |2 for H- and E- of polarized photons and their superposition, the relationship between
the number of maxima in the diffraction pattern of natural light and the ratio of the grating period to the
photon wavelength is established. As it turned out, the number of maxima increases proportionally to the
specified ratio. At the same time, the main masses are located against the gaps. For unpolarized, natural
light, the diffraction pattern is qualitatively similar to the corresponding pattern for H-polarized photons,
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but differs in the height of the maxima

Keywords: Diffraction, Grating, Quantum, psi-function, Diffraction pattern, Phonon.

DOL: 10.21272/inep.15(2).02029

1. INTRODUCTION

Photon diffraction of H- and E-polarized photons on
a grating formed by an infinite periodic sequence of
infinitely thin metal strips was solved in works [1-2]. A
quantum approach to solving problems was applied.
Photon W-function presented in the form of a Fourier
series, which is a superposition of functions correspond-
ing to one of the possible states of a photon scattered by
a grating. The problems are solved by the rigorous
mathematical method of the Riemann-Hilbert bounda-
ry value problem [3].

But in optics, as a rule, we deal with unpolarized or
partially polarized light. Therefore, in our opinion, con-
sideration of such a problem in an exact setting has a
certain practical interest.

Based on the results of the above works, this paper
proposes a solution to the problem for natural, unpolar-
ized light.

2. FORMULATION AND SOLUTION OF THE
PROBLEM

A uniform flow of photons falls at a normal angle on a
grating, formed by an endless sequence (in the direction
of the Y axis), boundless in the direction of the X axis, of
infinitely thin metal strips. The width of the strips is
equal to d, the period of the grating is [/, the width of the
strip is [/ -d. The problem consists in determining the
square of the module of the psi-function — the probability
of finding a photon at one or another point in space, for
example, a screen for observing a diffraction pattern.
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Fig. 1 — Diffraction grating

Experiments on the polarization of natural light
show that unpolarized light behaves as such, which can
be considered as a superposition of H- and E-polarized
light — a flow of photons, which is a mixture in equal
proportions of H- and E-polarized photons [4]. The only
difference is that in the case of natural light, the intensi-
ty of these waves is the same, and in the case of partially
polarized light, it is different. According to this represen-
tation, oscillations of amplitude A (probability ampli-
tude) are carried out in a plane that forms an angle with
the plane of the polarizer can be divided into two oscilla-
tions with amplitudes A =Acosa, and A, =Asina

(the direction of propagation of the photon flow is per-
pendicular to the plane of the polarizer). Photon corre-
sponding to the amplitude W1 will pass through the de-
vice, a photon, which corresponds to the amplitude Ws
will be delayed. For the amplitudes of the probabilities
we have, respectively
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In quantum mechanics, to determine the probability
of one of two mutually exclusive events (the first is that
an H-polarized photon hits a given point of the screen,
the second — an E-polarized photon), the law of adding
probability amplitudes is introduced [5]:

Y=Y +¥,, 1)

where W, =|¥|e", W,=|¥,|e” probability ampli-

tudes, respectively, for E- and H-polarized photons.
Probability amplitudes are often called state vectors,
because the square of the modulus of the resulting am-
plitude is calculated by the rule of adding two vectors

(B =, + ] + 20, |9, cose, 2)

where ¢ =@ —¢, —is the phase difference of the ampli-

tudes W1, W2. But since the state vectors, correspond to
two mutually perpendicular polarizations, the phase
difference ¢ =7x/2, we get

[ =, + ][ 3)

But here it should also be taken into account that
when solving each of the diffraction problems of E- and
H-polarized photons, we assume that all 100 % of the
photons of the flow have E- or H-polarization, respec-
tively, and for natural light, or partially polarized light
the composition of the flow will depend from the degree
of polarization. In each of the partial cases of solving
problems of diffraction of E- or H-polarized photons,
the following relations are fulfilled:
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where “I’IEe‘ is the probability that an E-polarized pho-

2
ton will be reflected from the lattice; ‘Pﬂ is the prob-

ability that an E-polarized photon will pass through

. H 2
the grating, |¥p

’
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‘P;I ‘ are the corresponding proba-
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bilities for an H-polarized photon; |¥*

’
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ph ‘ are the

corresponding probabilities of detecting E- (H-) polar-
ized photons at any point in space.

According to (3), in the case of natural or partially
polarized light
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For natural light “PE‘Z = “I’H‘Z = “Pf So, we have
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For the photon any polarization that passed
through the grating as a result, we get

ot =3l +fes ). ®)

Calculation results for density of the probability for
E-, H-polarized photons and for the case for unpola-
rized light are represented on the figures (Fig.2) —
(Fig.4). Diffraction pattern repeats with the period /, so
Figures 2-4 present the results of calculations density
of probability | % |2 depending on the y coordinate for
one period within the limits of the change of y/l from
zero to one. As noted in works [1], [2], the value [/1=1
is a threshold value.
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Fig. 2 — Diffraction patterns of distribution | W |2 for H- at the
different values of Az 1-(/A=1.1); 2-(/I1=2.1);
3—(UI1=3.1);4—(IA=4.1),at dll=0,5
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Fig. 3 — Diffraction patterns of distribution | W |2 for E- at the
different values of [/A: 1-(/A=2.1); 2-(l/1=38.1);
3-(A=41),atdll=05

At l/A < 1, the phenomenon of diffraction is not ob-
served. Figure 2 shows the dependence |W |2 for the
case of H-polarization from the coordinate y, more pre-
cisely from y/l. From the comparison of the graphs, it
can be seen that with an increase in the ratio of the
grating period to the wave length one additional maxi-
mum appears per unit of the I/1.

Therefore, when I/A > n, n maxima are observed in
the diffraction pattern. Moreover, initially, when
A>1, lIA>2, /A>3 maxima with the largest value
|W |2 are located opposite the slits but already at
[/2 >4 the maxima align and shift from the center of
the slit towards the strip. Following the alternating
slits and strips can be seen in Fig. 1. For E-polarized
photons, the diffraction pattern looks somewhat differ-
ent. When I/A>2 we have one maximum, at I/1> 3,
l/2 > 4 — two maxima in the interval y/l from 0 to 1.
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Fig. 4 — Diffraction patterns of distribution | W |2 for natural
light at the different values of /2: 1 — (/A =2.1); 2— (I/A = 3.1);
3—-(lA=4.1),atdll=0,5

For unpolarized, natural light, the diffraction pattern
is shown in Fig. 4 and, as can be seen from the compari-
son, it is qualitatively more similar to the corresponding
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pattern for H-polarized photons. But it differs quantita-
tively in the height of the maxima.

3. CONCLUSIONS

First of all, it should be noted that this work, as far
as we know, is the first attempt to consider the problem
of diffraction of natural light on a periodic structure in
an exact formulation.

A quantum approach to solving the problem is ap-
plied. Numerical calculations of the square of the mod-
ulus of the psi function - the probability of an E- or H-
polarized photon hitting one or another point of the
screen for a wide range of changes in the parameters
characterizing the photon and the grating structure -
were carried out.

The relationship between the number of maxima in
the diffraction pattern of natural light and the ratio of
the grating period to the photon wavelength has been
established. The diffraction pattern is periodically re-
peated with a period equal to the period of the grating.
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Jdudpakuia npupogHoro ceitiia Ha 0e3MeKHIi rpaTii MeTaJIeBUX CTPIiYOK

A.B. Beayrmnmiil, O.M. Ileruenxol, I'.O. Iletuenro?, I'.A. lyabcdaul, A.B. IToiiga?

1 Xapriscokull HauloHALHUL YHIGepcumem micvbko2o 2ocnooapcmaea imeni O.M. Bexemosa,
eys. Mapwana Baxcanosa, 17, 61002 Xapxis, Ykpaina
2 HauionanoHuli Haykosull yenmp «Xapkiscvkuil gizuro-mexuivhuli incmumym» HAH YVkpainu,
8ys. Axademiuna, 1, 61108 Xapris, Yipaina

B mamiit po6oti poss’ssaHa 3amava OUPAKIHI IPHUPOIHOr0, HEMOJSIPU30BAHOIO CBITJIA HA IPATIN, IO
YTBOpEHA HECKIHYEHHOI [TePIOUIHOI0 IIOCIIIOBHICTI0 HECKIHYEHHO TOHKUX METAJIEBUX CTPIUYOK. 3aCTOCOBA-
HO KBAHTOBHUM INIXIT 110 1i po3B’a3anHsa. Po3s’sa30K 3amaui qudpakilii IprpoIHOTo, HeHOIAPHU30BAHOIO CBIT-
s1a 6a3yeThesl HA pe3ysbTarax OTPUMAHUX OKPEeMO Uit BUNaakiB audpariii H- ta E-mossipusoBanux Goro-
HIB, PO3B’I3aHUX CTPOTHM METOI0M KpaitoBol 3amaul Pimana-Iiabbepra. PoGora mpucBsiueHa po3paxyHKY
TYCTHHU WMOBIPHOCTI 3HaXOmkeHHss H- un E- mosisipr3oBaHoro poToHa B JAHINA TOYIll IIPOCTOPY JJIS TOTO
BUMNAJKY KOJIM IOTIK (POTOHIB, IO MaJae Ha IPATKy SABJISE COOOK CyMIII PiBHOI rycTuHH (poroHiB H- Ta
E-nonsipuaarrii. Ocklabky qudppakifiiiHa KapTHHA ITOBTOPIOETHCS 3 IIePI0IOM I'PaTKH [/, B poboTI mpecrasie-
HI pe3yJIbTaT! po3paxyHKIB ryctuHu HmoBipHocTi | W |2 B 3as1€KHOCTI BT KOOPAUHATH Yy JIJIST OJTHOTO IIepio-
Iy B Meskax 3MiHu y/l Bix Hyss 1o oguuuril. 13 mopiBusuus rpadikie | W |2 ms H- ta E-nonspusoBaHux ¢o-
TOHIB 1 IX CYyIIePIO3HIlil BCTAHOBJIEHA 3AJIC/KHICTD MIisK UMCJIOM MAKCHMYMIB B OUQPAKININHIN KAPTHUHI IPH-
POIHOTO CBITJIA Ta BITHOIIEHHAM IEepioay I'PATKM IO AOBMKHHY XBWJIL (poToHA. SIK BHABUJIOCH YMCIIO MAKCH-
MyMIB 3pOCTae IPOMOPIHNAHO BKazaHoMy BimHomieHHI. OCHOBHI MAKCUMYMHU IIPU I[OMY PO3TAIIOBYIOTHCS
mpoTy WiiauH. JJIS HemmoJIApr30BAHOIO, IIPUPOSHOr0 CBIT/IA OUPAaKIiiiHa KapTHHA, SKICHO OlJIbIIEe CXO0Xa
HA BIANOBIOHY KapTUHY A1 H-monapusoBanux poTOHIB, ajie BiApidHaeThCA BUCOTOK MakcuMyMmis. [Ipu apo-
CTAaHHI BITHOIIEHHS IIePiOAy IPATKH IO HOBKHHM XBHJI (DOTOHA CIIOCTEPIraeThbCs TEeHAEHINA I0 BUPIBHIO-

BaHHS 1X BUCOTH.

Kiouosi cnosa: udpaxrmis, Iparka, Keawr, mnci-gysrmis, Ammrityma siporigmocri, Judpaxiiiaa

rapruaa, Ooton.
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