AKYCTOONTUKA N AKYCTOINEKTPOHMKA

VIIK 534.8

H. B. llonuxapnosa*

KaHAuAAT PHU3NKO-MaTeMAaTHUECKUX HAYK, TOLIEHT

E. A. /lbakonos™

KaHAUAAT (PU3NKO-MaTEMAaTHUSCKUX HAyK

U. K. Qusnc*

CTYJEHT

*MOCKOBCKUH rocynapcTBEHHBIN YHUBepcUTeT MMeHHn M. B. JlomoHOCOBa

HNCCIEJOBAHUE KOOOPUILUEHTA 3ATYXAHUSA
VJIbTPA3BYKOBOM BOJIHbI B PA3JIMUHBIX HAITPABJIEHUSIX
B KPUCTAJUIE ITAPATEJINIYPUTA

IMpescraBneHbl pe3ysbTaThl UCCIEAOBAHUS OTPaXKEHHsI OOBEMHON aKyCTUYECKOH BOJHBI B KpUCTaJLIe
JMOKcUa Temtypa. VcciaenoBaHsl MHOTOKPATHBIE OTPAKEHHS aKyCTHYECKHX BOJIH OT ABYX CBOOOIHBIX
IPaHHULL, Pa3/IeISIOIINX KPUCTAIT M BakyyM. J[1st 3TOro ucnonb3yercs: ocobast KOHHUryparus KpucTai-
JIa B BHJIE TETPArOHAIBHOM MPU3MBI C JABYMSI ApAUICIbHBIMU U IByMsI B3AUMHO HAKIIOHCHHBIMH Ipa-
Hmu. [Ibe3onsexTprueckuii mpeodpa3oBaTellb FeHEPUPYET KBA3UIIONEPEYHYIO aKyCTHYECKYIO BOJIHY C
YIJIOM CHOCa MEXy aKyCTHUYeCKO# (ha30il M IPYyIMIOBON CKOPOCTHIO, paBHbIM 74°. McxomHas BoiHA
reHepHupyeTcs peodpa3oBarenieM NpH yriie nagenus oonee 90°. CHOC akyCTHIECKO# SHepruu odecrie-
YMBAET NaJICHHE BOJIHBI Ha HAKJIOHHYIO IpaHuIy Kpucrawia. [laseHue conpoBoxkaaeTcs cBoeoOpasHbIM
OMKHUM OTPa)KCHHEM COOCTBEHHOW BOJIHBI OT HAaKJIOHHOW rpanu. JlokasaHo, uto B mutockoctu (001)
MaTepHaa MOXKET PAaCIPOCTPAHSATBCS 10 MATH MEICHHBIX KBAa3HIONEPEYHBIX aKyCTHUYECKMX BOJH.
OTH BOJHBI PACIPOCTPAHSIOTCS BJOJb Pa3HBIX HAIPABICHHIl, KaXI0€ U3 KOTOPBIX XapaKTepU3yeTcs
OIIPE/ICICHHBIM YIJIOM CHOca. PaccumTaHbl M M3MEpEHBI MapaMeTpbl OTPAXCHHBIX BOJIH, TAKUE KaK
HAIpAaBIICHHs] PAaCIIPOCTPaHEeHHs1, (pa3oBbIe CKOPOCTH U YIJIbI CHOCA, KOA(DDHIMEHTHI OTPAXKSHHS U 3a-
TyxaHus. Bce 3TH mapameTpbl OnpenensroTcsi akyCTOONTHYECKMMM METOJaMH, BKJIIOYas HUIHPEH-
BU3YIM3AIMIO U METO/IbI JIA3EPHOTO 30HAMPOBaHMS. J{JIsi TOro MpHU3Ma OCBEIeHa PACIIMPEHHBIMH U
c(hOKyCHPOBAaHHBIMHU JIA3ePHBIMHU JIydamMu. Ha OCHOBaHMHM IOJYYEHHBIX pPe3yJbTaTOB PAacCMOTpPEHA
BO3MOYKHOCTb Pa3pabOTKH HOBOH MOAM(MKALMK KBAa3HKOJLIMHEAPHOTO IEPECTPaBaEMOro aKyCTOOI-
TH4ecKoro ¢puibTpa. [IpennoxkeHHslid GUIBTP UCIONB3YeT UCCIEAOBAHHOE MHOTOKPATHOE OTPKEHUE
aKyCTUYECKHX BOJIH B mapateiutypure. Kak mokazaHo, MeIUICHHbBIE CIABHIOBbIE aKyCTHYECKHUE BOJIHBI
MOTYT 3aITyCKaThCsl B KPUCTAIUIE 32 CUET MHOTOKPATHBIX aKYCTHYECKUX OTPaKCHHMH, a TakKe 3a CH4eT
TpaHc(opMaLi aKyCTHYECKHUX MO/, TIPOMUCXOJIICH Mocie oTpakeHHit. MBI mpeuiaraeM HCIojb30-
BaTh aKycroonTuieckoe B3aumoseiictue B miockoctr (001) kpucramia. B aTom ciydae Ha G0KOBbIE
IPaHy MPU3MbI MOXKHO OJHOBPEMEHHO HAlPaBUTh HECKOJBKO ONTHYECKUX Jiyueil, KOJUIMHEapHBIX MO-
TOKaM aKyCTHYecKOW 3Hepruu. VccnenoBaHa reoMeTpyst aKkyCTOONTHYECKOTO B3aUMOICHCTBUS B KpH-
craste. Ha ocHoBaHMM TpeOOBaHMS yCIIOBUS COIIacOBaHUs bparra paccunTaHbl 4aCTOTHBIE 3aBUCHMO-
CTH ONTHYECKHX YIJIOB MAJCHHs OT YaCTOTHI YJIbTpa3Byka. HalieHbl onTUMabHbIe TeOMETPHU KBa3H-
KOJUTMHEApHOH Tu(paKIiy CBeTa Ha aKyCTHYECKHMX BoJHAX. [1o CpaBHEHMIO ¢ TpaaMLHOHHBIMH MOIHU-
¢dukapsMi  GUIBTPOB, MpEAIaraeMplii MpUOOp MOXKHO Ha3BaTh ONTHYECKHUM MHOTOKaHAIBHBIM
YCTPOWCTBOM, CIIOCOOHBIM PabOTaTh OJJHOBPEMEHHO C HECKOJIBKMMH ONTHYECKUMH JIyHYaMH.
Kniouegvie cnosa: akyCTOONTHYECKOE B3aUMOJICHCTBHE, aHU30TPOINUSL YIIPYTHX CBOMCTB, MapaTel-
JIYpHT.
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INVESTIGATION OF THE ATTENUATION COEFFICIENT
OF AN ULTRASONIC WAVE IN VARIOUS DIRECTIONS
IN A PARATELLURITE CRYSTAL

We present results on a study of acoustic bulk wave reflection in the tellurium dioxide crystal. Multiple
reflections of the acoustic waves from two free boundaries separating the crystal and the vacuum are
examined. For the purpose, we employ a special configuration of the crystal in form of a tetragonal
prism having two parallel and two mutually inclined facets. A piezoelectric transducer generates a qua-
si-shear acoustic wave with the walk-off angle between acoustic phase and group velocity equal to 74°.
The initial wave is generated by the transducer at an incidence angle exceeding 90°. The acoustic energy
walk-off provided the wave incidence on the inclined crystal boundary. The incidence is accompanied
by a peculiar close-to-back reflection of the intrinsic wave from the inclined facet. It is proved that as
much as five slow quasi-shear acoustic waves could propagate in the plane (001) of the material. These
waves propagate along different directions each characterized by a specific walk-off angle. We calculate
and measure parameters of the reflected waves such as the directions of propagation, the phase veloci-
ties and walk-off angles, the reflection and attenuation coefficients. All these parameters are determined
by the acousto-optic methods including the Schlieren imaging and the laser probing methods. The prism
is illuminated for the purpose by expanded and focused laser beams. Based on the obtained results, we
examine a possibility to develop a new modification of a quasi-collinear tunable acousto-optic filter.
The filter applies the studied multiple reflections of the acoustic waves in paratellurite. As shown, the
slow shear acoustic waves may be launched in the crystal due to the multiple acoustic reflections and
also due to transformation of acoustic modes taking place after the reflections. We propose usage of the
acousto-optic interaction in the (001) plane of the crystal. In this case, a few optic beams could simulta-
neously be sent on the side facets of the prism collinearly with the acoustic energy flows. Acousto-optic
interaction geometries are examined in the crystal. Based on the requirement of Bragg matching condi-
tion, we calculate frequency dependences of the optic incidence angles on the frequency of ultrasound.
Optimal geometries of the quasi-collinear light diffraction by the acoustic waves are found. As com-
pared to the traditional modifications of the filters, the proposed instrument may be called an optical
multichannel device capable of a simultaneous operation with a several optical’ beams.

Keywords: acousto-optic interaction, anisotropy, paratellurite.

BBenenne

Kpucramn napareniypura — OAWH U3 HauOoJee YacTo MPUMCHSIEMBIX MaTepua-
JIOB JUISl aKyCTOONTHYECKUX YCTPOUCTB. K OCHOBHBIM OCOOCHHOCTSIM IapaTeiuTypUTa
OTHOCHUTCS €T0 CPABHUTEIBHO BBICOKHI KOI((PHUIUECHT aKyCTOONTHIECKOTO Ka4eCTBa,
a TaKKe CHJIBHO BBIPAKCHHAS aHU30TPOIHUS CKOPOCTEH ONTHYECKUX M aKyCTUICCKHX
BOJTH, MO3BOJIAIONIAS PEaM30BaTh MHOXKECTBO PAa3HOOOPA3HBIX T'€OMETPHH B3aHMO-
nerictBus [1]. BaxxHBIM CBOWCTBOM JFOOOTO Marepuaia, IPHUMEHIEMOro B aKyCTO-
AIIEKTPOHUKE U aKyCTOONTHKE, ABJSIETCS KO3(D(UIMEHT 3aTyXaHHs YIbTPa3BYKOBBIX
BoJH. [ToCKONBKY 3Ta BeIMYHMHA MIPOIIOPIIMOHATEHA KBAaJpaTy YacTOTHI, IMEHHO OHA
oTpeneNsieT MpaKTHUECKHUe MpeJesbl YaCTOTHOTO JAuara3oHa ycrpoiictBa. Koaddu-
IIUSHTHI 3aTyXaHUs YUCTHIX aKyCTUYECKHX MOJ B OOJBINIMHCTBE MPAKTUYCCKH WHTE-
PECHBIX MaTEepHaAJIOB OBUTH M3MEPEHBI MHOTHMH HCCIICIOBATENIAMA H BEChMa JIOCTO-
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BEPHO M3BECTHBI U3 JIUTepaTypsl [2]. O4eBHIHO, YTO B CHIIy aHU30TPOIHBIX CBOWCTB
M000r0 KpHCTaiia, KO3(UIMEHT aKyCTHUECKOrO 3aTyXaHHs, TaK K€ KaKk M CKO-
POCTB 3ByKa, 3aBHCHUT OT HAIPaBJIECHHs PACIPOCTpaHEHHs BOJIHBL. OHAKO AaHHBIE O
KOHKPETHBIX BEIMYMHAX aKyCTHYECKOTO 3aTyXaHHUS COOCTBEHHBIX MOJ, PaclpocTpa-
HSIIOIUXCSI B TTPOM3BOJIBHBIX KPUCTAIOrpapUIecKNX HANpaBICHHUSAX, B HACTOSAIIEE
BpeMsl OTCYTCTBYIOT. CHIIbHAsI aHH30TPOITHSI CKOPOCTH 3ByKa B KpHCTaJUIe Maparel-
JlypUTa NPUBOAUT TaKXKe K CHJIBHOW aHU30TPOIUM aKyCTHYECKOro 3aTyxaHus [3].
Hanpumep, MeieHHas akycTH4eckasi MOJa, paclpOCTPaHSIONasIcs B HAIPaBICHUIX
[110] u [100] co ckopoctsamu 616 u 3100 m/c, xapakrepusyeTcs KodpPUIHEHTaMH
3aTyXaHUsl, paBHBIMU COOTBETCTBEeHHO 16,0 u 3,4 16/(Mke-TTi?). Takum oOpasom,
BBIICHEHHE XapaKTepa 3aBUCHMOCTH KOX(P(HUIEHTa aKyCTHUECKOTO 3aTyXaHHUS OT
HaNpaBJIeHUS B KPUCTAJUIE MapaTeJuTypHTa MPeICTaBIseT 0co0y0 BaXHOCTb. B pa-
6ote [3] ObLIa MOCTPOEHA TEOPETUYECKash MOJIENIb TAaKOW 3aBHCUMOCTH, OJHAKO OHA
He MOAKpEeIIeHa YKCIIePUMEHTAIbHBIMU JJAHHBIMHU B NIPOMEXYTOUHBIX Toukax. OnHa
u3 Haubosiee MHTEPECHBIX COOCTBEHHBIX MOJ KpHCTalula mapareiutypura [4; 5]—
MeJUIeHHasl KBa3HIIONEpeyHas BOJIHA, pacrpocTpaHstomasicsa B miockoctu (001) mox
yrioMm 8° k ocu [110]. OHa xapakrepu3yercst yrioM CHOCA SHEPruH, paBHbIM 74,3°.
JlaHHOE 3HAYEHME SIBJISETCSI MAKCUMAJILHO BO3MOXHBIM HE TOJIBKO CPEAN COOCTBEH-
HBIX MOJ] KPHUCTAJUIA MapaTeJulypuTa, HO M BOOOIIE CPEAN W3BECTHBIX KPHUCTAJLINYE-
CKHMX MarepuaioB [1]. DkcriepuMeHTaIbHas OLEHKa KOI(OHUIMEHTA 3aTyXaHUs YIlb-
TPa3BYKOBOW BOJIHBI C MaKCUMAJIBHBIM YIJIOM CHOCAa M CTaja LEeJbI0 HACTOsIEH pa-
OOTHI.

[110]\

[110]

A

Cxema akycmoonmuueckoul A4etKu u 2eoMempus 601HOBbIX 6eKIMOPO8 Y1bmpaseyKa
Ha NOBEPXHOCMU 0OPAMHBIX CKOpOCHell

M3mepeHus: MpoOBOAMIINCH aKyCTOONITHYECKMM METO/OM [4] B siuelike, cxema-
THUYHO TIOKa3aHHOW Ha pucyHke. CTpesika M nudpa Ha PUCYHKE BO3JIE KaXJOro M3
BOJIHOBBIX ITyYKOB COOTBETCTBYIOT HAIPaBJICHHIO €r0 BOJHOBOI'O BEKTOPA M YCIOB-
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HOMY HOMeEpY B TeKCTe U Tabiwmie. B kBaIpaTHBIX CKOOKax — HAaIIPaBJICHUS KPUCTA-
JorpagpuIecKux Ocew.

KoH¢urypanus xpucramia CrenuaibHO pacCuuTaHa TakK, YTOOBI B HEM CyIIe-
CTBOBAJIO HECKOJIBKO aKyCTHYECKUX ITyYKOB C yIJIaMH CHOCA DHEPTHH, ONM3KHMH K
MakcuMasbHOMY. KBasumonepednas ynpTpa3BykoBas BoiHa 1 BO30yKmaeTcs CIOBH-
TOBBIM TIhE30IPEOOpa3oBaTeieM, HalpaBlIeHHE KOJIeOaHWH KOTOPOTO HAXOJHUTCS B
IUTOCKOCTH pHcyHKa. OIHOBPEMEHHO ¢ Heil B030y»maeTcs eme ofHa COOCTBEHHAs
aKyCTHUYecKas MOJa, He IPEICTABIIONIas HHTepeca B HalleM HCCICAOBAaHUU U HE
IOKa3aHHas Ha pucyHke. [Ipu mageHny BOIHBI | Ha CMEXHYIO TPaHb KPUCTAJIA BO3-
HUKAIOT JIBE OTPaKCHHBIEC BOJIHBI, 0003HAUEHHBIE COOTBETCTBEHHO Hppamu 2 u 3. B
CBOIO OYepe/b, BOJHA 3 OTPa)kaeTcst OT NMPOTHBOINOJIOKHOM I'PaHU KpHCTallIa, MO-
poxnast BonHy 4, ¥ T. 1. YTJBI cpe3a Bcex IpaHell mogodpaHsl Tak, 4ToObl obecre-
YUTh HAIWYME B sTUCHKe BOJH ¢ MAKCUMAJIbHBIMU YIJIaMU CHOCA HEPTHH, a TAKKe 110
BO3MOXKHOCTH HauOOJBLIYI0 AJIMHY aKycTHUeckux cronboB. Ilocnemnee ycrnoBue
HE00XOAUMO JIJIsl IOBBIILIEHHS] TOYHOCTH U3MEPEHHUsI aKyCTHYECKOTO 3aTyXxaHus. Pac-
YEeTHBIE XapaKTEPUCTUKU BOJIH, PACHPOCTPAHSIONIMXCA B KpUCTalIe, NMPUBEICHB B
tabnune. [ yrioB cHoca SHEpruM JAaHbl abCONIOTHBIE 3HaYeHMS. PacueTsl ObLIM
BBITNIOJIHEHBI Ha OCHOBE JIAHHBIX M3 JIUTEPATYpHl [2] B COOTBETCTBUU C METOJIUKOM,
U3JI0KEHHOM B pabore [6].

XapaKTepHCTHKH AKYCTHYECKHX BOJIH, PACIPOCTPAHAIOIIMXCS B KPHCTAaJLIe

Ven. | ®azoBas | HanpaBnenue Hamnpapnenune VYron cHoca | I'pynnoBas
Ne CKOpOCTb, | BOJJHOBOTO BEKTOpa | JIy4eBOr0  BEKTOpa | SHEpruu, CKOPOCTb,
Mm/c otH. ocu [001], rpax. | otH. ocu [001], rpan. | rpax. Mm/c
1 870 37,0 —37,3 74,3 3215
2 870 -37,0 373 74,3 3215
3 707 49,5 121,4 72,0 2288
4 727 40,1 —32,5 72,6 2431
5 642 37,3 109,7 62,4 1386
6 727 —40,1 32,5 72,6 2431

s u3MepeHnst Ko PUIUCHTa 3aTyXaHHs B HACTOSIIECH paboTe HCIOIb30Ba-
HBI BOJIHOBBIE ITy4YkHd 2 U 4. VI3MepeHus BHINOJIHEHBI TPU HECKOJIBKUX 3HAUCHHSIX Ya-
cToThl B 1uanasone ot 120 o 185 MI'L, 3ateM Bce pe3ynbTaThl IPUBEIEHBI K 4acTO-
te 1 I'To B npeanonoxeHHn KBaIpaTHYHON 3aBUCHMOCTH 3aTyXaHHS OT YacCTOTHI
Haiinenuslii TakuM 00pa3oM KOI(QQHUIMEHT 3aTyxaHWs TMydka 4 COCTaBJISIET
(15,2 + 1,2) ab/(Mke-I'T1?’). BomHOBOH MydoK 2 XapakTepH3yeTcs 3HAYNTEIBHO
MEHBIINM 3aTyXaHHEM, BEJIMYMHA KOTOPOTO IOJIACTCs JIUIIb IpyOOii OLCHKEe W He
npessimaer 7 ab/(Mke-I'T1?). MokHO Toarath, 9to K09OOUIMEHT 3aTyXaHHs KBa-
3HC/IBUTOBBIX YJIBTPa3BYKOBBIX BOJH, PACHPOCTPAHSIONIMXCS ITOJ HEOONBIIUMHU YT-
Jamu (TOpsIKa HECKOJIBKHUX TpaxycoB) K oc [110], TUIIb HE3HAYUTEEHO OTJINYACT-
cs1 oT kKod(durmenTa 3aTyxaHus YUCTOH CIBUTOBOM MOJBI B JaHHOM HAIlPaBJICHHH.
OpHako JanbHEWIee OTKIOHEHHE BOJHOBOTO BEKTOpa yibTpa3Byka oT ocu [110]
MIPUBOJHUT K PE3KOMY CHIKEHHIO Kodddurmenra 3aryxanus. [1oqoOHBIH XapakTep
3aBUCHMOCTH aKyCTHYECKOTO 3aTyXaHHS OT HAIlPaBJIECHHs OBUI TEOPETHYECKH Ipea-
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ckasaH B pabore [3] 1 qpyToi KpucTamuiorpaguueckoi TNIOCKOCTH MapaTesuTypHTa.
CrenaHHBIC OICHKH KO3()(UIIMEHTOB 3aTyXaHMS MPEACTABISIOT MPAKTHUECKYIO BaXK-
HOCTB NIPH pa3paboTKe aKyCTOONTHYECKUX GUIBTPOB [1], HCTIONB3YIOMMNX KBA3HKOII-
JIMHEapHYI0 TEOMETPHIO B3aMMOJICHCTBHS BOIH3H KpHCTaLTorpadudeckoit ocu [110].
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