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UHTepdepomMmeTp

U CTPYKTYPUPOBAHHDbIN
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I Kapedpa nasepbix usmepumenbHblX U HABUAUUOHHBIX CUCTIEM,
Caxkm-Tlemepbypackuil 3AekmpomexHU4ecKuil yHusepcumem
«JI9TU», Cankm-Tlemepbype, Poccus

2 HayuHo-npou3sodcmeeHHas kopnopayus «Cucmembl Npeyu3uoH-
Ho20 npubopocmpoerus» (AO «HIIK «CTII1»), Mocksa, Poccus

B cTaTbe onucbiBaeTCsa 3KCnepMMeHTaibHoe
nccnepoBaHue cnocoba popmmpoBaHus
CTPYKTYPUPOBAHHOIO CBETA C UCMOJIb30BAHMEM
KOM6MHaLUN ABYX Yro/IKOBbIX OTpaXaTtenen

€O cneyuanbHbIM UHTEpPEpPeHLUOHHbIM
¢asocaBuratowmm nokpbiTem. Kak

M npepckasbiBajioCb paHee, Npy NpaBUJibHOM
pPacnonoXXeHUM 3TU YrosIKoBbie OTpaXkaTenm
€O34al0T NPOCTPAHCTBEHHYIO MOJISPU3ALMOHHYIO
CTPYKTYpY, B KOTOPOM MNJIOCKOCTb KoJie6aHUM
BeKTopa £ BpaliaeTcs C UsSMeHeHueM

asumyTa B nonepeyvyHom naockoctu. Cxema
Nno3BOJISET JIErko C034aBaTh TaKMeE MYYKU, XOTS
M C HEKOTOPbIMU OCOBEHHOCTSAIMU — TpebyeTcs
cornacosbiBaHue $as, a camum CTPYKTYpbl Ay4ylue
BCero Bbipa>keHbl B «AaJZibHeM» nojse.

KntouyeBble cnoBa: yroskoBble OTpaXxkaTenu,
NPOCTPAHCTBEHHAS NONSPU3ALMOHHAS CTPYKTYPA,
nonispusaums CcBeTa, CBETOBO3BPALLAIOLLMNA
NPOCTPAHCTBEHHO-MONSPU3ALMOHHBIN
MHTepdepomeTp

CTaTbs nonyyeHa: 12.04.2022
CTaTbs npuHaTa: 26.04.2022

BBEAEHWE

CylLecTByeT MHOXKeCTBO METOIOB CO3LAHHS CTPYK-
TYPUPOBAHHOIO CBeTa, TaKUX KaK KOMIIbIOTEPHBIe
FOJIOTPaMMBI, CIIHpa/bHble (Ga3oBble IITIACTHHEL, IIpe-
obpasoBaTenu MOJ U MHBle. HecMOTpsI Ha 3TO, ITPOJON-
SKAIOTCST pabOTHI 10 M3y4YeHUIO ATbTePHATUBHBIX METO-
JIOB IIOJIy4eHHS IIyYKOB CTPYKTYPHPOBaHHOIO CBeTa,
OZIVH 13 KOTOPBIX Oy/eT OIIMCaH B JAHHOM CTaThe.
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This article describes an experimental study of the
optical vortex formation using beams reflected
from a combination of two cube-corner reflectors
with a special interference phase-shifting coating.
As predicted earlier, if arranged properly, these
cube-corner reflectors create a spatial polarization
structure, that can be called an optical vortex,
since the plane of oscillations of the vector £
rotates with azimuth variation in the transverse
plane. This enables an easy way of creating such
vortices, albeit with some difficulties due to the
need for precise optical path control and vortices
themselves created in far field.
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INTRODUCTION
Optical vortices have many different potential applica-
tions - communications, optical testing, optical manipu-
lation of small particles, and so on. Several methods exist
to create an optical vortex, including computer-generated
holograms. spiral phase plates, mode conversion and so
on. However, new methods of creating optical vortices
are welcomed to increase the area of their application.
Previously, lots of work was done on creating of the
cube-corner reflectors (CCR) with a certain far-field dif-
fraction pattern, with one of the effective ways to opti-
mize it was using a special phase-shifting interference
coating to create the required phase shift of the light is
reflected on the cube-corner reflectors faces. [1-6] The
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Panee 6puia mponenaHa bombmias pabora mo cos-
OAHUIO YTOJNIKOBBIX OTpaskaTener (YO) c ompeneneH-
HOM JOUOPaKIHOHHON KAapTHUHOH [JaJbHEro II0J,
IIpUYeM OfHHUM U3 3P eKTHBHBIX CIIOCOO0B ONTHMHU-
3allMM CTAJI0 MCIOJb30BAaHME CIIeLHaJIbHOro ¢aso-
COBUTAKOLIEI0 HHTePPEePeHIIMOHHOIO MOKPBITUS [JIS
co3maHus Tpebyemoro caBura ¢asbl CBeTa, OTPasKeH-
HOTO OT IIOBEPXHOCTEeH YIOJIKOBBIX OTpakaTenei [1-6].
OcHOBHas Lenb pa3paboTku 3THx YO - yMeHblle-
HHEe PACXOAHUMOCTH OTPKEHHOTO IIy4YKa, YTO BasKHO
B TaKOH 3a/lave, KaK U3MepeHHe PaCcCTOSHUS OT 3eM/IU
0 cryTHUKOB. CeromHs Bce cOyTHHKU GPS, T'moHacc
¥ MHOTHe [pyrue OCHAIleHbl MaHeIsSIMH, COLepsKa-
IIMMHM HeCKOJIBKO JeCATKOB M/IH Jaske HeCKOJIbKO COTeH
crenranbHeiX YO. IIo cpaBHEHHIO C «0BbbIYHBIM» YO,
JIETKOAOCTYIIHBIM pelIeHHeM Y MHOTOYHC/IEHHBIX KOM-
MepuecKHX KOMIIAHHM, Takod YO obnamaer AByMS
0COBEHHOCTSIMU, 2 UMEHHO:

1. Yron Meskay IpaHSIMU IIPHU3MBI HeMHOTro 6osbliie
CTaHJapTHOro yriia B 90°. C1eqoBaTe/IbHO, BMECTO
OJMHOYHOTO IIy4yKa C reKCaroOHaJIbHBIM PHCYH-
KOM B €0 Ce4eHHH Takou YO OTpakaeT BXOJs-
II[YIO TUIOCKYIO BOTHY Kak KOMOMHAIIHIO K3 IIeCTH
OTJe/IbHBIX IIYYKOB, PACIIPOCTPAHSAIOINXCS BIO/Ib
KOHHYeCKOM ITOBEPXHOCTH.

2. «O6pIuHbBIe» YO UCIIONB3YIOT II0JIHOEe BHYTPeHHee
OTpakeHHe OT rpaHel. CilefoBaTelbHO, IIOC/Ie
KaKIIOTO OTPa’keHHS P- U S-IIMHEeMHO IOJSIPH30-
BaHHBbIe KOMIIOHEHTHI HU3/Iy4YeHUsl HaKaIlIMBAIOT
B3aMMHBIN $a30BBIU CABUT B 3aBUCUMOCTHU OT I'e0-
MEeTPHH OTpakeHHs. OTpaskalollue IMOBEPXHO-
CTU IIpM3M, KOTOpbIe MBI 3[IeChb pacCMaTpUBaeM,
IIOKPBITHI CIIEL[MATbHBIMU IIOKPHITUSIMU, obecrie-
YMBAIOIIKUMU 160 cOXpaHeHHe JMHEeNHOM oS-
pusanmu, 1160 ee MoBopoT Ha 90°.

Takve yroikoBble OTpPasKaTeqH o6pPa3yloT IIeCTH-
TOYeYHYI IUPAKLMOHHYIO KapTHHY, IIPH 3TOM
IUIOCKOCTH Koje6aHUIl BeKTOopa E KaKIOM M3 TOoueK
IIOBEPHYTHI OTHOCHUTEJIBHO OPYr Apyra Ha OIpefeseH-
HBIM yron. B paborax [4, 7, 8] TeopeTH4ecKu pac-
CMATPHUBA/ICSI TaK Ha3blBa€MBIM IOTSPU3ALMOHHBIN
uHTepdepomeTp. Takor HHTepdepoMeTp aHAJIOTHUYEH
0OBIYHOMY HHTepdepoMeTpy MarKelbCOHA, B KOTO-
poM oba IUIOCKHX 3epKasa 3aMeHeHBl YIIOMSHYThIMU
YO. B pabortax [4, 7, 8] TeopeTH4YeCcKH pacCMaTpHBa-
JIUCh Pasad4Hble KOHQUIYPALMKU TaKUX HHTepdepo-
MeTpOB. BBUIO ITOKa3aHO, YTO Hanboee HHTEPECHBIM
BapUaHTOM SBJIS€TCS TOT, B KOTOPOM PaBHOCTOPOHHHE
TPeyroJbHUKHU BXOIHBIX IpaHell YO MOBepHYTHL Ha 60°
OTHOCHTE/IIPHO ApPYr Apyra. Kak MbI yske TOBOPHIIH,
B pabotax [4, 7, 8] 3TH yCTPOMCTBA H3y4alIHCh Teope-
THYeCKH. BBII0 IT0Ka3aHo, YTO MOKHO CO3[aBaTh pas3-
JTUYHBIe KOHQUIYPALIUH TaKHUX YCTPOMCTB. B omHOI

primary goal of developing such cube-corner prisms was
related to the task of measuring the distance from the
ground to satellites. Today all GPS satellites, all Clonass
satellites and many other satellites are equipped by the
panels, containing several dozens or even several hun-
dreds of special CCR elements. When compared with
the “usual” CCR, easily available from numerous com-
mercial companies, such CCR reveal two special features,
namely:

1. The angle between the edges at the top of the prism
is slightly more than the standard 90°. Hence,
instead of the single beam with the hexagonal
pattern in its section such CCR reflects the incom-
ing plane wave as the combination of six separate
beams, propagating along the conical surface.

2.“Usual” CCRs employ the total internal reflection
from the edges. Hence, after each reflection the P-
and S- linearly polarized components of radiation
accumulate mutual phase shift, depending upon
the reflection geometry. The reflecting faces of the
prisms, which we consider here, are coated by the
special polarization coatings, providing either pres-
ervation of the linear polarization or its turn in 90°.

Such cube-corner reflectors form of a six-spot dif-

fraction pattern with each spot having planes of vector
E oscillations rotated relative to each other at a certain
angle. In [4, 7, 8] there was considered in theory the
so-called polarization interferometer. Such an interfer-
ometer is similar to the usual cross-like Michelson inter-
ferometer, where both plane mirrors are replaced by the
said CCRs. In the papers [4, 7, 8] various configurations
of such interferometers were considered in theory. It
was shown that the most interesting variant is the one
in which the equilateral triangles of the input faces of
CCRs are rotated in 600 one with respect to another. As
we have said already, in the papers [4, 7, 8] these devices
were studied in theory. It was shown that it is possible
to create different configurations of such devices. In one
of such configurations it is possible to produce the so-
called vector vortex wave with the azimuthal direction of
polarization vector. This article, which is now offered to
the attention of readers, presents the first experimental
realization of such a device and generation of the vec-
tor vortex in it. For the reader’s convenience we present
first a brief explanation of such device operation, and
after it the experimental results and some discussion. It
is interesting to note that, according to the results of [8],
other configurations of polarization interferometer can
produce the so-called phase vortex of the second order
and many other interesting and promising variants of
the structured light beams with the axially symmetrical
distribution of phase and polarization. Such configura-
tions will be investigated in our next papers.
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M3 TaKUX KOHQUIYPALIME MOXKHO CO3/IaTh TaK Ha3bIBa-
€MBIN BEKTOPHBIM BHXPEBOM ITyYOK C a3UMYTaJbHBIM
HaIlpaBeHHeM BeKTOopa IIONSPU3alMH. B 3ToH cTa-
The, KOTOPYIO MBI IIpe/i/TaraeM BHUMAaHUIO YHUTaTeNleH,
MIpe[CTaBleHa I[epBas 3KCIEePUMEHTATbHAS peann3a-
LIMSI TAKOTO YCTPOMCTBA K I'eHepalus B HeM CTPYKTy-
PUPOBAaHHOTO CBeTa. [Jis ynobcTBa UUTATENs MBI IIPHU-
BOAMM CHaYasla KpaTKoe 0ObsicHeHHe PaboThl TaKoro
YCTPOYICTBA, a IIOC/Ie HEro — Pe3y/IbTaThl 3KCIIePHMeH-
TOB U HEKOTOPBIe 00CY>KAEHUS.

MHTepecHO OTMETHUTb, HYTO, COIJIACHO pe3yJIbTa-
TaM [8], Apyrue KOHQUIypalLlU IOJSPH3ALHOHHOIO
HHTepdepoMeTpa MOTYT CO3[aBaTh TaK Ha3bIBaeMBIH
$a30BbIE BUXpb BTOPOTO IOPSAKAa M MHOTHE [pyrue
VMHTepeCHble U IIepPCIIeKTHUBHble BapHAHTHl CTPYKTY-
PUPOBAaHHBIX CBETOBBIX ITyYKOB C OCECUMMETPUYHBIM
pacmpeneneHreM ¢as3bl U MONSPU3ALUU. TaKkKe KOH-
durypaunu 6yayT UCCIeSOBaHBL B HALTHX CTeYIOIIIX
CTaThAX.

NOoNAPU3ALUUOHHDBIA UHTEPOEPOMETP

U CTPYKTYPUPOBAHHbI CBET

[TompobHO Teoprs paboTsl MONSPH3ALIMOHHOIO HUHTEP-
depometpa 6bli1a omnucaHa B [8]. 3mech Mbl IIPUBOAUM
HeKOTOpble KpaTKHe CBe[leHHs M3 YIIOMSIHYTOM CTaTbH,
YyTOOBl YIIPOCTUTh YUTATENI0 [IOHMMAHMe Halllek 3KC-
[IePUMEeHTA/IbHOU YCTAaHOBKH.

IlepBoe, YTO C/eayeT OTMETUTh,~ KOIZA IIYy4YOK IIPO-
XoguT YO, OH IIOABEPraeTcss TpeM OTPKEHHSIM, KasK-
Jl0e M3 KOTOPBIX BBI3BIBAET CABHUI (asbl MEXKAY OpTO-
TFOHAJIBHBIMH KOMIIOHEHTaMH BeKTopa E.Bo-BTOpBIX,
IUIOCKOCTH TIaJleHHs Iy4YKa Ha pebpo He COBMAJaloT.
OTH PaKTOPBI OIPENEIISIOT MOIAPU3aALMOHHbIE XapaK-
TepUCTUKU YO. Pe3ynsTHUpYIOas CTPYKTYpa MOJISIPH-
33l OTPaKeHHOIO Iy4YKa 3aBHUCHUT OT TOrO, B KaKOHU
M3 IIeCTH CeKTOPOB IIoNafaeT Iy4oK (puc. la), mois-
PH3aLIMK HCXOLHOIO IydKa M IapameTpoB YO [1-6].
Bo/HOBOM QPOHT MCXOFHOIO ITy4Ka JelHUTCS Ha IIecTh
YacTel IIPH ero oTpakeHUH oT YO, KaK yIIOMHHAIOCh
paHee, ¥ 3TH YaCTH UMEIOT pa3sHble COCTOSIHUS IIOJISAPU-
3alMH U pa30BbIe CABUIH. B JoIIoIHEHEe K 3TOMY H3-3a
IUOPaKLIKUU U HHTepOepeHLHH MeXKAy HUMHU bymeT
GOpMHUPOBAThCS CIOKHAsA AUPPaKLMOHHAS KapTHHa
pnanpHero mons (JKAIT). ®a3oBBIM CABUT OPTOrOHAJIB-
HBIX COCTaB/IAIOIIMX BO BpeMs OTPakeHMS OKa3bIBaeT
Hanboree 3HaYHTENIbHOE BIHSHME M 3aBHCUT OT THIIA
IIOKPBITHSA II0BEPXHOCTH YO.

B mamem ciaydae 3Td YO HMEIOT CIIeLiHa/IbHOe
UHTeppepeHIIMOHHOe ITOKPBITHE, KOTOpOe II03BOJISeT
1of106paTh BO BpeMsl IIPOK3BOZCTBA Pe3y/IbTHPYIOLIUEL
COBUI Qa3shl B IIMPOKOM JuariasoHe or 0 mo . Takue
IIOKPBITHUS BBI3BIBAIOT (GA30CABUTAIOIIMMM, a HYXK-
HBIM Pe3y/IbTaT AOCTUTAeTcs HabopoM CjioeB ¢ pas-
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POLARIZATION INTERFEROMETER

FOR VECTOR VORTEX FIORMATION

The rigorous theory of the polarization interferometer
performance was given in [8]. Here we present some
briefs from the said paper so as to simplify the reader
understanding of our experimental setup.

First thing to note - when the beam enters CCR it
undergoes three reflections, each of which induces
a phase shift between the orthogonal components of the
electric vector E.Second - the plane of incidence of the
beam on the edge does not coincide. This determines
the polarization characteristics of the CCR. The resulting
structure of the reflected beam polarization depends on
which of the six sectors the beam hits (Fig. 1a), incom-
ing beam polarization and CCR parameters [1-6]. The
wavefront of the incoming beam is divided into six parts
upon its reflection from the CCR, as mentioned earlier,
and these parts have different polarization states and
phase shifts. In addition to that due to diffraction and
interference between them a complex far-field diffrac-
tion pattern (FFDP) will form.

The phase shift of the orthogonal components during
reflection has most significant impact, and it depends
on the type of the CCR face coating. In our case these
CCRs have special interference coating, thus resulting
phase shift can be selected during production over a wide
range from 0 to m. Such coatings induce phase shift
thanks to multiple layers and different transmittances at
the media boundary for P- and S- polarized components
of the wave. In case of reflection at Brewster angle from
a CCR face a P- component travels down to the last layer of
the interference coating, almost without reflections, and
returns, thanks to total internal reflection, with a cer-
tain phase shift that depends on the coating thickness its
refractive index, and the number of layers. Meanwhile
the S- component undergoes numerous reflections at
layer boundaries, and the resulting wave if formed by
superposition of the secondary coherent waves with dif-
ferent phase shifts [6]. In our case only CCRs with zero
phase shift are considered with the FFDP of a symmetric
system of six spots without a central spot.

Let’s assume two CCRs with a special phase-shifting
coating, which ensures a zero-phase shift between P-
and S- polarization components upon reflection from
each of the three faces are placed instead of a mirrors in
a Michelson-type interferometer, at a 90° angle as shown
on Fig. 2 (a). Depending on phase shift (0 to m) between
reflected beams we will get different patterns. This
phase shift can be created either using liquid crystal var-
iable retarder, variable pathlength cell or an adjustable
mount, for example with a piezoceramic actuator. The
resulting setup works similar to a retroreflective spatial-
polarization interferometer (RSPI), based on a Rayleigh
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Fig. 1. Polarization states
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JTUYHBIMH KO3QPUIIMeHTaMH IIPOIyCKaHUS Ojs P-
Y S-TIONPU30BaHHBIX COCTAB/ISIOIIMX BOJIHBL. B ciiydae
OTpasKeHMS OT IoBepxHOCTH YO 1o yriom bBproctepa
P-KOMIIOHEeHTa IIPOXOLUT [0 IOC/IeIHEero CI0sl UHTep-
bepeHIIMOHHOr0 IIOKPBITHS IIOYTH 6e3 OTpasKeHHH
M BO3Bpalaercsi, Onaromapsi IOJHOMY BHYTPeHHEMY
OTPasKEHHUIO, C OIpefie/IeHHBIM COBUIOM ¢askl, KOTO-
PBIF 3aBHCHT OT TOJNLIMHBI IIOKPBITHS, €ro IoKa3a-
TeJIs IIPeJIOMJIEHHMS M KOJIHYecTBa (yioeB. IIpu sTOoM
S-cocTaBngmolias IOABEpraercs MHOLOYUC/IeHHBIM
OTPKeHUSIM Ha TPaHHULIAX C/I0eB, U Pe3yIbTHPYIOIIas
BOJIHA QOpMHpyeTCs IyTeM HaIOKeHUs BTOPUYHBIX
KOTePeHTHBIX BOJH C PasIMYHBIMH Ga30BBIMU CABU-
ramu [6]. B HamleM c/lydae paccCMaTpHBAIOTCSI TOJIBKO
YO c HyneBeIM cABUIroM dassl v ¢ JK/II B BHIe cuMMe-
TPUYHOM CHUCTEMBI M3 LIECTH TOYeK 6e3 [eHTPabHOro
[ISITHA.

[IpenmonoskumM, 4to ABa YO ¢ $Ha3ocABHUTAOIIUM
[IOKPBITHEM, KOTOpoe obecIiedrBaeT HY/IEBOH CIBUT
daspl MeXAy KOMIIOHEHTaMH P- W S-monsgpu3alyiu
IIPU OTPKEHUHU OT KLKAOKM K3 Tpex IpaHel pasme-

interferometer, described in [9]. The polarization prop-
erties of the RSPI are described by a spiral polarization
rotator, the order and sign of which change depending
on the angular distance from the beam axis.

In case of the incoherent superposition the reflected
beam can be decomposed into a set of Hermite-Gauss-
ian modes with different polarization. Now we’ll add
path difference between two reflected beams (i. e. phase
shift) into equation to see how it affects the polariza-
tion structure of the reflected light superposition. If the
incoming plane wave has linear polarization an axisym-
metric polarization structure is observed in the reflected
beam. At a high distance, the intensity in the ring
becomes uniform. Depending on the phase difference of
the reflected beams the polarization structure changes
significantly. At zero phase difference, an axisymmet-
ric polarization structure of the second order can be
observed, shown in Fig. 2b, with a Jones vector:

P2 - [—2 sm(p}
CoS2¢
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IIeHbl BMeCTO 3epKaJl B MHTepdepoMeTpe TuUIla Mamu-
KeJIbCOHA IIoA, yryioM 60°, Kak II0OKa3aHO Ha pHC. 2a.
B 3aBHCHMOCTH OT $pa3oBoro casura (ot 0 o 1) MexXay
OTPaKeHHBIMH OT HHX IIyUYKaMH MBI [IOJTyYUM pa3Hble
CTPYKTYPBL. DTOT CABHUT $pa3bl MOKET OBITh CO3AAH THO0
C TIOMOIIBI0 KHUIAKOKpUCTa/UIHUecKOM (KK) suerkHU,
JYEeHKU C HU3MEeHSIeMOM ONTHYeCKOH IJIMHOM, 1ubo
C TIOMOIIBIO IIOJABIIKKM, HaIlpHMep, C Ibe30KepaMU-
YeCKMM ITPUBOLOM. IloydeHHasi yCTaHOBKa paboTaer
AHAJIOTUYHO CBeTOBO3BpAILlAIOIleMy IIPOCTPAHCTBEHHO-
MOJISIPU3aLIMOHHOMY HHTepdepomMetpy (CBIIIIH), ocHO-
BaHHOMY Ha MHTepdepoMeTpe Pajesi, OIlKCaHHOM B [8].
[MonspusalioHHble cBoricTBa CBIIIIH oOmMMCHIBAIOTCS
KaK CIIMPaJIbHBIM BpalllaTe/lb MOASPHU3ALMHU, MTOPSIIOK
1 3HaK KOTOPOTO MEHSIIOTCS B 3aBUCHMOCTH OT YIJIOBOTO
PACCTOSIHUS OT OCH IIy4Ka.

B cny4ae HeKOTepeHTHOI CyIEepPIO3HLIUK OTpPaskeH-
HBIM IIy4OK MOXKET OBITh pas3yioskeH Ha Habop Mon
dpMuta-Taycca ¢ pasnuyHOM Nonspusauued. Ecnu
MbI [06aBUM PpasHHUIy B IYTH MeXAy IBYMs OTpa-
SKeHHBIMM Iy4KaMH (T.e. cOBUT da3bl) B YypaBHeHHe,
TO TIONY4YMM C/IefyIOIIHe pe3y/JbTaThl: eCIM Iafalo-
IIast IVIOCKAsl BOJTHA MMeeT JIMHEHHYIO MTOIIPHU3aLtIo,
B OTPasKEHHOM ITy4uKe Hab/II0/1aeTcsi oceCHMMeTpHUYIHas
CTPYKTypa Ionsipu3anuy. Ha 60/1bIIOM paccTOSHUU
MHTEHCUBHOCTb B KOJIbLle CTAHOBHUTCSI PAaBHOMEPHOH.
B 3aBHCHMOCTH OT pa3’HOCTH $a3 OTPasKeHHEIX IIy4KOB
CTPYKTYPa IOJIIPH3alliH CyLeCTBeHHO MeHseTcs. [1pu
HYJIEBOK Pa3HOCTH a3 MOKHO HabIIOHATh oCeCHMMe-
TPUYHYIO CTPYKTYPYy HOJNSPHU3aLIMK BTOPOrO IOPSAKa,
IIOKA3aHHYIO Ha puC. 2b, ¢ BeKTopoM J[’KOHCa:

P2, - (—2 s1n(p].
CoS2¢

Ecnu pasHOCTb $a3 paBHa T, MIyYKH KOMIIEHCUPYIOT
OpYr Ipyra, U Ha IepudepHUu IOSBISeTCs IIy4OK 4eT-
BepTOro Iopsiika C BpallleHueM BekTopa E B IIPOTHBO-
I10JI0’KHYIO CTOPOHY B IIOIIePeUHOM IIJIOCKOCTH, PHC. 2C:

P2 - (4sm(p}
cosdq

OKCMNEPUMEHTAJIbHAA YCTAHOBKA

N PE3YJIbTATDI

CxeMa O3KCIEPHMEHTAIbHOM YCTAaHOBKHM IIpeCTaB-
JIeHa Ha pHC. 3. B KauecTBe MCTOYHMKA MCIIOIb3YeTCs
He-Ne nasep 1, ¢ OMOIIbIO IT€PeCTParBa€MOT0 KOJI-
JTMMaTopa 2 Ha OTpakaTeslH IofaBascs nubo mapan-
NeNbHBIN, TU60 CIerka pacxofsLIHICs My4oK CBeTa.
Ko/mIMMHUPOBAaHHBIN IIYYOK IIPOXOAUT dYepe3 IOJid-
pu3aTop 3, IIOC/Ie Yero OH Pas3fesieTcs CBeTOMe/IH-
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Puc. 2. lNoaspu3zayuoHHas cmpykmypa ny4Kda, ompaxxeHHo2o
om dsyx KYO, pacnonosxeHHbix nod yzaom 90° mexxkdy Humu
(a) 8 CBIMIMW ¢ pazauvuHbimu ¢azosbimu cosuzamu mexoy
nyukamu: (b) 6=0, (c) 6=m

Fig. 2. Polarization structure of the beam, reflected from

two CCRs, placed with 90° angle between them (a) in the
RSPI with various phase shifts between the beams: (b) 6=0,
(c)6=m

Puc. 3. Cxema 3kcnepumeHmansHol ycmanosku: 1- He-Ne
Aasep; 2 — koaaumamop; 3, 7 = AUHeliHble N0ASIpU3amopbl;

4 - ceemodenumenbHbil Ky6; 5, 6 — y20AK08ble 0mpa>kameAau;
8 — 0bvekmus; 9 — kamepa/ IKpaH

Fig. 3. Experimental setup. 1- He-Ne laser; 2 - beam
expander; 3, 7 - linear polarizers; 4 - beamsplitter cube;

5, 6 = cube-corner reflectors; 8 - lens; 9 — camera/ screen
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eHmauusmu noaspuzamopa 8 (B - 60°, C-120°, D -180°)

C-120° D-180°)

Puc. 4. Pe3yabmam, noAy4eHHbill moAbKo ¢ 00HUM Y20AK08bIM ompaxkamenem, 6e3 noAspuzamopa 8 (A) Uau ¢ pasAu4HbIMU Opu-

Fig. 4. Result obtained with only one corner reflector, without polarizer 8 (A) or with various orientations of polarizer 8 (B - 60°,

TeJIbHBIM KyO6OM 4 Ha [Be BOJIHBI C PaBHOM HHTeH-
CHBHOCTBI0O M IOJspHU3aled. Ilocle 3TOro my4ku
oTpaskaloTcs oT YO 5 M 6 M BHOBb COBMEIIAIOTCS
C TIOMOIIBIO CBETOHEMUTENBHOr0 Kyba, co3maBas Tpe-
byemoe pacripefie/ieHHe IMOSPU3ALUU. 3aTeM IIY4OK
OTpaskaJICsd HEeCKOJIIbKO Pa3 OT IUIOCKHX 3epKaj, ycTa-
HOBJIEHHBIX Ha J[OCTaTOYHO 6O0JIBIIOM PacCTOSIHUH
(He mokasaHO Ha cxXeme), YTOOBI YBETUUYUTH OITH-
YeCKHMM HyThb. Ilocse 3TOro pesynbTaT 3aIlMCBIBAJICS
C IOMOINBIO KaMepsl 9 WaK Habmomancs Ha OyMask-
HOM 3KpaHe. B HeKOTOpBIX C/lydasix HOIIOJIHHUTE/IBHO
yCTaHaB/IMBa/ICa 06beKTUB 8. Bpamias mospu3aTop 7,
MBI AHA/IM3HPOBA/IM pacIlpefie/ieHHe IIOJISpH3aLluHi
Ha KOHEYHOM H300pasKeHHH.

Pe3yybTaT, MOJNyYeHHBIM TOJIBKO C OJHHM YTOJIKO-
BBIM OTpakaTelleM U 6e3 IossipU3aTopa 7, IOKa3aH
Ha puC. 4 BBepXy c/leBa. BepxHee mmpaBoe K H300paske-
HHS B HIJKHEM Py Ha PUC. 4 IOKa3bIBAIOT Pe3yib-
TaThl TOJIBKO C OZHHM YIOJIKOBBIM OTPaskaTejieM IIpH
Pa3sIHYHBIX OpHeHTaLMIX I10/IIpr3aTopa 7.

HM300paskeHHe, IONTy4eHHOe OT CHCTeMBl M3 JIBYX
YIOJIKOBBIX OTpaxkkaTener 6e3 monaspusaTtopa 7

If a phase difference is m, the beams cancel each other,
and a fourth-order beam with the opposite vector E rota-

Puc. 5. Peayabmam, nony4eHHblll 6e3 norspusamopa 8
Fig. 5. Result obtained without polarizer 8
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Ha HeKOTOPOM pPacCTOSIHMH, IIOKa3aHO Ha pHC. 5. || tion in the transverse plane appears at the periphery,
Ha puc. 6 mokasaHbl H300pasKeHHsI, IIOIyUeHHBIe Fig. 2c:

IIpH yCTaHOBKe IIOSIpH3aTopa 7 MOJ pa3IHYHBIMU Asin

yraamu. H3-3a HeloCTaTOYHOIO PAcCTOSIHHUSL MEXIY P2 =[ 4(')].
8 g . cos

3KCIIePHMEHTAJIBHON YCTaHOBKOM K KaMepoH 3THU ?

Puc. 6. Pe3yabmamsl, noay4eHHble Npu 8pauieHuu noaspusamopa 8. A — UcXo0Hoe noAoXKeHUe, B — nogopom Ha 35° no yacoeoli

cmpeake, C - nogsopom Ha 50° no yacosot cmpenke, D — nosepHym Ha 60° no Yacosol cmpenke, E — nosepHym Ha 90° no 4acosol
cmpenke, F— nosepHym Ha 110° no 4acosoli cmpenke

Fig. 6. Results obtained with rotation of polarizer 8. A - initial position, B - rotated 35° clockwise, C - rotated 50° clockwise,
D - rotated 60° clockwise, E - rotated 90° clockwise, F — rotated 110° clockwise
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n300paskeHUs] BBIIVISAOAT He TaK, KaK [JOJIKHBI,
IIOCKOJIBKY AHUQPAKIKS HeIOCTAaTOUHO IIOBIHSIIA
Ha pacIpefeneHHe HHTeHCUBHOCTH. OJHAKO BUAHO,
YTO MHTEeHCHBHOCTb MEHSeTCS IIPH BpallleHUuH I0JIs-
pH3aTOpa B COOTBETCTBUU C TEOPHEH.

3AKJ/TIOMEHUE

B maHHOI paboTe mpencTaB/eHbl pe3yl1bTaThl KC-
[IePUMEeHTA/IbHOIO UCCIe0BaHUsI GOPMUPOBAHHS
MOJIAPHU3ALHOHHO-CHUMMETPUYHOM CTPYKTYPhI
OTPa>KEHHOI0 M3JIy4YeHHUs C MCIIOAb30BaHHUEM
Jyder, OTPa’keHHBIX OT KOMOMHAIIMU [BYX YIOJI-
KOBBIX OTpa’kaTe/lleld CO CIIellMaJIbHBIM HHTepde-
PeHLIIMOHHBIM (a30COABUTAIIKM IIOKPHITHEM.
OCHOBBEIBACh Ha MpeABIAYIIMX TeopeTHYeCKUX
HCC/IeIOBAaHUSX, MBI CO6pajsy CBeTOBO3Bpalalio-
MKUKU HHTepdepoMeTp, I03BONSINHUN IOJYYHUTh
pacmpeneneHre MHTeHCHBHOCTH B popMe KoJblia
C pe3yAbTHUPYIOMEN IIOCKOCTBIO IIONISIpHU3aLlUH,
Bpalllalollericss BOKPYT LIeHTpa M3 JTHHEeNHO I10/I4-
PH30BaHHOIO CBeTa. Pe3ynbTaThl IIOKAa3bIBAIOT,
YTO MONASPH3aIMsi Ha II0Jy4YeHHOM H306paske-
HHUKU COOTBETCTBYeT TeOpeTHYeCKHMM MCCIel0Ba-
HUSIM. B 6nmkanmem O6yaymem IIJIAaHHUPYeTCs
POAOJIKUTD 3TOT 3KCIIEPHUMEHT C YBeJIU4YeHHBIM
ONTHYeCKHM TPaKTOM K IIPOBECTH 3KCIIePHUMEHT
C KPYroBOH IOJIsIpH3aliMell Ha Bxoze. [Ipyrvue KoH-
burypauuy IMOJAPH3ALKMOHHOIO HHTepdepoMme-
TpPa MOIYT CO34aBaTh TaK Ha3bIBaeMBIH Pa30BBIU
BHUXPb BTOPOTO IOPSILKA M MHOTHe ApyTrHue HHTe-
pecHble U IepCcleKTHBHbIe BapHaHTBl CTPYKTYypH-
POBaHHBIX CBETOBBIX IIYYKOB C OCECUMMETPHUYHBIM
pacmpenseneHyveM a3kl U MOAApU3alMH. Takue

i g

EXPERIMENTAL SETUP AND RESULTS

The experimental setup is shown in Fig. 3, where
a He-Ne laser 1 is used as a source. With the help of
a tunable beam expander 2, one can obtain either a par-
allel beam of light or a slightly diverging one. The col-
limated beam passes through polarizer 3, after which
it is divided by non-polarizing beam splitter cube 4 into
two waves with equal intensity and polarization. After
that, the beams are reflected by retroreflectors 5 and
6, and combined in a beam-splitting cube, creating
required polarization distribution. Then the beam was
reflected several times using a simple mirrors installed
at a certain distances (not shown on the the diagram)
to increase the optical path. After that it was recorded
using digital camera or observed by a naked eye on the
screen 9. In some cases, lens 8 was installed to focus the
image, in some cases not. By rotating the polarizer 8,
the distribution of polarization was analyzed in the
final picture.

Result obtained with only one corner reflector &
without polarizer 8 are shown in Fig.4, top left. Top
right & bottom row of Fig.4 shows results with only one
corner reflector at various orientations of polarizer 8
(top right, bottom left & right).

The image obtained with both corner reflectors with-
out polarizer 8 at some distance is shown in Fig. 5. Fig.
6 shows the images obtained at different angles of the
polarizer 8. Due to insufficient distance between the
experimental setup and the camera these images does
not look like they should (with a donut-shaped inten-
sity distribution) since effects of far-field diffraction
haven’t affected intensity distribution well enough.
However, one clearly see that intensity distribution
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changes while rotating the polarizer according to the
expectations.

CONCLUSION

We have presented an experimental study of the
polarization-symmetric structure formation of the
reflected radiation using beams reflected from a com-
bination of two cube-corner reflectors with a special
interference phase-shifting coating. Based on previous
theoretical studies, we have created a basic retrore-
flective spatial-polarization interferometer to obtain
a donut-shaped intensity distribution out of linearly
polarized light with resulting plane of polarization
rotating around the center. Results show that polariza-
tion in the resulting image matches theoretical studies.
In near future it is planned to continue this experiment
with increased optical path to include circular polariza-
tion and far-field diffraction in its full extend. Other
configurations of polarization interferometer can pro-
duce the so-called phase vortex of the second order and
many other interesting and promising variants of the
structured light beams with the axially symmetrical
distribution of phase and polarization. Such configura-
tions will be investigated in our next papers.
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