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YIIPABJISIEMbIN PE®PAKTUBHBINN UHTEP®EPOMETP
MAUKEJBCOHA

B psine npumenennii unrephepomerpa Maiikenscona (VIM), B 4acTHOCTH TP €r0 MCHOJIB30BaHUH B JIa3€PHOM pe-
30HaTOpEe, HEOOXO0MMa BBICOKAsl CTAOMIIBHOCTH (ha30BBIX XapaKTepUCTHK. B Hacrosmield paboTe MpoBeIeHO JKcIie-
PUMEHTAIIbHOE CPaBHEHUE JIBYX KOH(QHUTYpaluii HHTEpPEpOMETPOB, OJMH U3 KOTOPBIX MOCTPOCH IO KIACCHYECKOU
CcXeMe, a BTOPOH — 10 pepaKTUBHON CXeMe, UMCIOIICH MOBBIIICHHYIO YCTOMYHUBOCTh K Pa3bIOCTUPOBKAM U CIIy-
JalHBIM (PIyKTyarsaM MapaMeTpoB OKpyxkaromiei cpensl. OOCyXaaeTcss BO3MOXKHOCTD TPUMEHEHHS YIIPABISIEMOTO
pedpaxtuBHOTO IM B CX€Me J1a3epHOTo pe3oHaTopa AJIsi TeHEPaIiy yIbTPAaKOPOTKHX JTa3ePHBIX UMITYJIECOB.

Ku. cn.: uatepdepomerp Maiikenscona (UM), pedpaktuBHbiii uHTEpdepomerp Maiikenscona (PUM), pasHocts
onrtnueckux JuuH mwied (PO/IT), crabununzarus, ciaydaiiHbie ¥ cUCTeMaTHuecKue QIIyKTyalii HHTEHCUBHOCTH

H3IIy4eHUs

BBEJEHUE

NnTepdhepomerprr Maiikenscona (UM) sBustoTcs
YCTPOUCTBAMHU, LIMPOKO HCHOIB3YEMBIMH JI KOJIH-
YECTBEHHOTO (ha30BOTO aHaNW3a, IS PErHCTpaIyy
MajbIX pasHocTel onTudeckux mmH mied (POJIT)
Y YIPAaBIICHUS UMH C TOYHOCTBIO 10 JOJIEH JJIMH BOJTH
CBETOBOTO H3Jy4YeHUs. BbICOKasi 4yBCTBUTEIBbHOCTh
npuOOPOB MMEET U CBOU OTPHUIATEIBHBIC CTOPOHBI.
Tak, cimydaliHple U3BMEHEHMSI JABJICHHUS U TEeMIEpary-
PBI BO3/1yXa CHIOCOOHBI BHI3bIBATH U3MEHEHHS B TIOKa-
3aTeNsix npesomieHud B ruiedax UM, mpuuem naxe
OuYeHb Malible (UIYKTyaluyd TeMIIepPaTyphl, IBMKEHUE
BO3/[yXa, MEXaHMUYCCKUE KOJICOAHHS KOHCTPYKIIUU
MOTYT MPHUBOJUTH K CMELICHUSM, BHOCSIIUM 3aMET-
HBIC CIy4ailHbIe W CHUCTEMATHYECKUE OIIMOKH B pe-
3yJbTaThl U3MEPEHUN.

[NaccuBHas cradbmnuzamus MIM, npenHa3zHaueHHO-
ro Juisi pabOTBI B COCTaBe JIA3€PHOTO HW3ITydaTelns
YABTPAKOPOTKUX  HMITYJIBCOB,  3KCIEPUMEHTAIBHO
MPOJIEMOHCTPUpPOBaHa Hamu B pabore [1]. B HacTos-
mei paboTe MBI HCCIEAOBAIH BO3MOXHOCTH Jallb-
HEHIIero TMOBBIIICHUS! CTAOMIIBHOCTH JIa3epHOTO pe-
30HaTOpa ¢ ympaBisieMbiM MM, ommcanHoro B [2],
MyTeM MPUMEHEHUS OPUTMHAIBHON CXeMbl WHTep(e-
poMeTpa, coaepKaiero pepakTHBHbIE U 3epKabHBIC
ONTHUYECKHUE IIIEMEHTHI, Ha3bIBaEMOTO jaiiee pedpak-
TUBHBIM HHTeppepomerpoM Maiikenbcona (PUM),
uzest KOTOpOi ObLIa MpeIokKeHa B maTenre [3].

Cyns mo nmuteparype, JaHHas cxema HHTepdepo-
MeTpa 3a HocleAHee ACCITHIETUE HE Hallljla IIUPOKO-
ro MPaKTUYECKOro MpuMeHeHus1. Bo3amMoxxHo, nmpuynHa
3TOTO COCTOMT B CIIOKHOCTH HAaHECEHHsSI COCTaBHBIX
ONTUYECKUX TOKPBITHI TpeOyeMoil koHduryparmu,
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OJIHAKO B clTydae pe3oHaTopa, ympasmsiemoro M [2],
UCIIOJIb30BaHKE Pe(PaKTUBHON CXEMHOH KOHGUrypa-
UM, oOJiafaroniel MOBBIMICHHOW CTaOWIILHOCTBIO,
MOYET OKa3aThCsl OIPaBAAHHBIM U LIeJIECO00PA3HBIM.

Huxe ommcanbl SKCIiepUMEHTAIbHBIE PE3yJIbTaThl
no ucciaenopanuro PHIM opuruHanbHOM KOHCTpYK-
LMY, BKJIIOUYEHHOTO B COCTaB JIA3€PHOTO M3ITyyaTess
[2]. [IpoBeneno ero cpaBHEHHE ¢ KiIaccuaeckum MM,
OTHCaHHBIM B Hamieil padore [1], u aHamM3 QaxTOpOB,
BBI3BIBAIOIINX BO3MOYKHBIE HAPYLICHUS CTA0MILHOCTH
BBIXOJJHOI MOIITHOCTH JIa3epa.

SKCIHHEPUMEHTAJIBHOE OBOPY/IOBAHUE

Ontuueckas cxema PUM (cm. Taxke [3]), paspa-
OoTaHHas U ucciexyeMasl B paMKax HacTosel pado-
THI, IOKa3aHa Ha puc. 1. Ero KoHCTpyKTHBHAs pealu-
3ammsi wuTIocTpupyercs ¢ororpadueir B Ilpumoxe-
Huu Ha puc. I11.

Cxema COCTOUT W3 OCHOBHOTO 1 M KOMITEHCHPYTO-
Iero 2 CBETOJCNUTENENH M €JUHOTO0 IIyXOro KOHIIe-
BOTO 3epKaina 3. Bce aneMeHThl M3rOTOBIEHBI U3 OIl-
THUYECKOro cTeksa K8 ¢ cooTBeTCTBYIOMIMMU IU3JICK-
TPUYECKUMU MOKPHITUSIMH. 3€PKaJIo SBIISETCS MOJIHO-
CTBIO OTPAKAIOIINM, CBETOICITUTEIN UMEIOT CIIOXKHBIE
COCTaBHbIE ONTHUECKUE MOKphITUs. Ha puc. 1 obnactu
C MOJIHOCTBIO OTPaKAIOIIMMHK MOKPBITHSIMU (R = 99.5 %)
YCIIOBHO 0003HAueHBI YEPHBIMU JIMHUSIMH, 00JIACTH CO
CBETOJICNINTENbHBIM MOKpbITHEM (R =50 %) 3amTpu-
XOBaHa, a 00J1acTH ¢ NPOCBETISIONIMMH TOKPHITUIMHI
CBOOOJTHBI OT IITPUXOBKHU.

I[Mmactuaer 1 w2  BBHIOWpAIOTCS  TUIOCKO-
napaJIebHBIME C OJMHAKOBOW TOJILIMHOW W yCTa-
HABJIMBAIOTCS T0J] OJMHAKOBBIMH YTJIaMH TaJICHUS



60 H. A.TPA3HOB, A. A. TOPAYKHH, B. 1. KYIIPEHIOK, E. H. COCHOB, B. JI. AJIEKCEEB

Puc. 1. Ontrueckas cxema PUM.
1, 2 — cBerongenurenu; 3 — 3epkano; 4 — KpUCTAJUIBI
30M; 5 — komrieHcaTop; 6 — auadparma

K BxogHoMy Jayuy I (cMm. puc. 1), cocraBnsromumu
B naHHOM ciydae 30°. Ilonoxenue cerogenurens 1
(hUKCUPOBAHO, TUTACTUHA 2 MOXET ITOBOPAYMBATHLCS HA
HeOoNpIIue yIiabl (MOpsAaKa €IUHHI] TPAJyCoB), Kak
MOKAa3aHO TI0 CTpelike, O00O3HAYCHHON Ha PHUCYHKE.
KoHIIeBoe MOIHOCTBIO OTpakaromiee 3epkayio 3 ycra-
HAaBJIMBAETCS NEPIECHIUKYISIPHO HAMPABICHUIO BXOJ-
HOTO JIyua U B OTOM MoJioxeHun (puxcupyercs. Jua-
¢parma auamMeTpoM 2.5 MM HCIIONB3YETCS B COCTaBe
JIA3epHOT0 pe30oHaTopa, KpoOMe TOro, €€ Haludue
yIO0OHO ¢ TOYKH 3peHUsS (DUKCAIMU TOYKH BXOJA JIy-
ya [ B PUM.

BxonHo#t nyuok I Ha 3agHel rpaHu CBETOACIHUTE-
ns 1 genures moronaM Ha nBa syda I u 111 (nBa me-
ya UM), npudeM, Kak BUJHO U3 pHC. 1, IpH paBeHCT-
BE€ YIVIOB MaJ€HUS KOJUYECTBO U JJIMHA IPOXOJ0B
MO BO3AYXY M BHYTPH IUIACTHUH B 00OMX ILI€UaX OJIHU
¥ T€ XK€, TIOPTOMY M ONTUYCCKUE JUTHHEI TJIeY aBTOMa-
TUYECKH OKAa3bIBAIOTCS OAMHAKOBBIMU. [lyuku mocie
MpOX0Jia 4Yepe3 IUIOCKOTapauIeNIbHBIE TIACTHHBI |
U 2 Bceraa MepreHINKyISIPHBI OTpaKarolel moBepX-
HOCTH OOIIEro 3aJIHEr0 3epKayia 3, a BO3MOXKHBIC He-
3HAQUUTEIbHBIE PA3NIUUYUSA B TOJIIMHE U KIMHOBUIHO-
CTH TUIACTUH MOTYT OBbITh CKOMIIGHCUPOBAHBI MaJIbIM

paszBopotroM miactunel 2. [Ipu Takom paszBopote or-
THYECKHE JUIMHBI ITyTel B pasHbIX Iuiedax M usme-
HsIOTCSL TIo-pa3HoMy. [lockonbky 00a Iydka mpoxo-
JISIT Yepe3 OJIHU U Te JK€ CPeJlbl, CIeNyeT 0XKHIaTh M0-
BBITIICHUS CTA0MIBHOCTH BBIXOJIHOTO ITy4ka [V mo or-
HOILIEHUIO K CIYYailHBIM TEIUIOBBIM U TYPOYJICHTHBIM
(bIyKTyanusiM BHEIITHEH CpeIpL.

Kpowme aToro, moBopoToM NMIacTUHBL 2 MO CTPEIKE,
MOKa3aHHOW Ha PUCYHKE, MOKHO BBOJHTbH 33JaHHYIO
pasHocTh ontudeckux anuH 1wied (POIIL) uaTepde-
pometpa. s 3TOro B KOHCTPYKIIUU IIJIaCTHHA 2 yC-
TaHABJIMBAETCS Ha TIOBOPOTHEIN cTONHK. Takum obOpa-
30M, UCKIIOYAETCs HEOOXOUMOCTh BKJIFOYATH B OJHO
n3 tied UM cyOMUKpOHHBIN JTHHEHHBINA TTHe30TpaHc-
JIATOP, YTO TaKXKe IMOBBIIAET YyCcToOMYMBOCTH UM
K CIIy4aifHbIM OIIHOKaM M (PIyKTyaIusm.

Henwuneiinpie kpuctramier D0M (mo3. 4 Ha puc. 1)
npu ucnonb3zoBanuu PYIM B ynpasinseMoM pexume
i reHepanui Y KU MoryT ObITh BBEJIEHBI B OJTHO H3
mwied. [Ipu 3ToM BO BTOpOE IJICYO YCTAaHABIUBACTCS-
CTEKJISIHHBI KOMIIEHCATOp S5 C COOTBETCTBYIONIEH
ONTUYECKON AMMHON. OTMETUM, YTO B SIKCIIEPUMEHTAX
1Mo cTaOMIM3ayy, OMUCHIBAEMBIX B HACTOSIIEH pabo-
T€, BIIEMEHTHI 4 U 5 OTCYTCTBOBAJIU.

ITnactunst 1 1 2 ¢ COCTaBHBIMU ONTUYECKUMH TTO-
KPBITUSIMU OBUTH W3TOTOBJICHBI Ha 0a3e CTaHIApTHBIX
STaNOHHBIX TutacTuH I[IMI15 1o Hamemy 3akasy
B OO0 "OntoTJI", Cankr-llerepOypr. PesymbraTs
ux ucnsiTanuii B PUM, ycTaHOBIEHHOM B cocTaBe
M3ITyJaTessi, OMUCAaHHOTO HaMu B pabore [2], pac-
CMaTpHUBAIOTCS B CIEAYIOLIEM pa3zede.

PE3YJBTATBI DOKCIIEPUMEHTOB

OKCIEpUMEHTHI, TaK JXe¢ Kak u B pabore [1], mpo-
BOJWJINCH Ha 0a3e KOMIIAKTHOI I'eOMETpUHU PEe30HaTO-
pa, xoraa jumHHAasA (1.5 M) SKBHBaJIeHTHas CXema ¢
MOMOIIBIO 3€PKAIBHBIX PETpooTpaxkaresell  Oblia
"cBepHyTa" B OJIOK C JUIMHOH, He TpeBbIaroniei 350
MM. BHemHu# B W3Mydarens ¢ KOHGUTyparueit
TpaguiuonHoro UM (moapoOnee cwm. [2]) mpuBeneH
B [Ipunosxennn Ha puc. [12. B HIDKHEH yacTn pucyHKa
nokasad PHM, KOTOpbIii Teneps BBOAMICS B pE30HA-
TOp B KauecTBE COCTaBHOI'O BBIXOJHOTO 3€pKajia B3a-
MeH oO0prgHOTO UM Takmm o0pa3om, 4TOOBI MOJIOKeE-
HUSl KOHIEBBIX 3epKay, 00beJUHEHHBIX Ha puc. [12
CTpENKOW, B TOYHOCTH coBnaganu. Ilomoxxenus oc-
TaJbHBIX IEMEHTOB U3JTy4yaTessl He H3MEHSIIUCH.

OnTHueckas cxemMa M3MEpPeHHH, 32 UCKIIOYEHUEM
3aMeHbl MHTEp(EpPOMETPOB, COBMAIAET CO CXEMOH,
HCTONB3yeMoit B pabote [1], u 1anee He oNMCHIBAeT-
cs. FOctupoBka pezonatopa ¢ PUM cBoaures k ycra-
HOBKE 3aJHET0 KOHIIEBOro 3epkana 3 (cm. puc. 1)
CTpOro Ha3aJ IO OCH PE30HATOpa, OCTAJIbHBIE dIle-
MeHTbl PUM Ha TOYHOCTB 10CTUPOBKY He BinArOT. Ha
BBIXO/IE pE30HATOpa BCerJa HaONI0NaeTCs HYyJIEBOE
nojie MHTEP(EPEHIMOHHOHN KapTHHBI, HHTEHCUBHOCTD
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Puc. 2. CTaOmisHOCTh YPOBHS MOITHOCTH M3ITy4deHHs 11 00sraaoro UM (a) u g PUM (6).
Pazeprka 10 c/nen.

KOTOpPOro OT MakCMMyMa /0 MMHHUMYyMa W3MEHSETCs
MIPU MAJIOM Pa3BOPOTE MIACTHHBI 2 (CM. puc. 1).

Pacnipenenenne MHTEHCHMBHOCTH B TSITHE BBIXOJI-
HOT'O M3JIyueHHs1 ObLIO OJU3KUM K TaycCOBOMY, YpO-
BEHb BBIXOJIHOW MOIIHOCTH TPW HACTPOWKE Ha Mak-
CUMaJIbHYI0 HHTEHCUBHOCTbH HYJIEBOT'O ITOJIS, KaK Mpa-
Bwio, coctaBisur 0.2—0.3 BT, uTo mpumepHO BIBOE
YCTyHall0 YPOBHIO MOIIHOCTH, JocTuraeMomy B [1]
C WCHOJBb30BaHueM kinaccuueckoro UM. Drto mornio
OOBSCHATHCS OO YBEIMYEHHUEM AaKTHBHBIX IOTEPh
pe3oHaTopa 3a CYeT yBEJWYEHHS 4YHca OTPaKeHHUH
OT COCTaBHBIX ONTHYECKUX IOKPBITHH, JTHOO TEM
¢akTOM, YTO BO BpeMs MpPOBEICHHS AAHHOH CepuUu
9KCMEPUMEHTOB OBLIO OTMEYEHO HEKOTOPOE YMEHB-
nreHue 3((QEKTUBHOCTH KBAaHTPOHA IO CPaBHEHHUIO
c[1].

HonroBpemennasi crabuwinpHOCTh PUUM ObLTa BHI-
COKOH M He TpeOoBaja ero pa3MelleHusl B JIOTIOTHU-
TenbHOM Kopmyce. Kakux-mnbo OBICTPHIX M MeIJieH-
HBIX KoJieOaHWHI WHTEHCHBHOCTHU 3a BpeMs Haluoje-
HUHM 10 HECKOJNBKMX MHHYT OTMedeHO He Obuio. Ha
puc. 2, a, moKa3aH NpUMepP OCLUIIOTPAMMbI U3MEHE-
HUS BBIXOJTHOW MOIITHOCTH 1yia 00bsraHOr0 M m3 pa-
6otsl [1]; ocomiorpaMMa Ha puc. 2, 6, COOTBETCTBY-
et PIM.

HAVYYHOE [NPUBOPOCTPOEHME, 2021, Tom 31, Ne 1

3AKJIIOYEHHUE

B 3axitoueHne 0OTMETHM, YTO B HACTOSIIEH paboTe
pa3paboTaH W MPOTECTHPOBAH OPWUTHHAJIBHBIN CTa-
OunbHBI HTEphepoMeTp MaiikeabcoHa pedpaKTHB-
HOTO THIA, WAEs KOTOPOro MpeIoKeHa B IaTeHTe
[3]. DxcnepuMeHTAIBHO NPOAEMOHCTPUPOBAHA IIO-
BBIIIICHHAS CTAOMJIBHOCTh peppPaKkTUBHOTO HHTEpde-
poMeTpa, KOTOPBIH UMEET CIeIyIONIe IPENMYyLIecTBa
nepesa TpaAUuLUOHHBIM:

— TMPOCTOTa W HAAEKHOCTH IOCTUPOBKH, OTCYTCT-
BUE HEOOXOAWMOCTH YIJIOBOW MOJCTPOHKH 3JEMEH-
TOB;

— BO3MOXXHOCTh TOYHOTO BbIpaBHMBaHUs POJII
0e3 mbe30-TPaHCIATOPA, KOTOPBIH SBIISETCS 3JIEMEH-
TOM, YyBCTBUTEJBHBIM 110 OTHOLICHUIO K CIIy4ailHbIM
aKyCTHYECKUM LIyMaM;

— CHIDKCHHE YYBCTBUTEIHFHOCTH IO OTHOIICHHIO
K MHUKPOCKOIMYECKHM MOCTYIATEIbHBIM IepeMele-
HUSM DJIEMEHTOB M K KOJEeOaHUSM OKpY KafoIero
BO3/1yXa, IIOCKOJIBKY TPAaeKTOPUHM IyYKOB B 00OMX
TIeyax OJIMHAKOBBI.

OkcnepuMeHTanbHas anpobauus PMM B maccus-
HOM DPEXHME I03BOJSIET PACCUMTHIBATH Ha IOJyYe-
HHUE BOCIPOHM3BOAMMBIX U CTAOMJIBHBIX PE3yJIbTATOB
W B YNPaBIIEMOM peXHME B KadeCTBE COCTaBHOTO
3epKaja pe3oHaTopa TBEPJAOTEIbHOIO Ja3epa, H3Iy-
YaroIEero yIbTPAKOPOTKHUE UMITYJICHI.
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CONTROLLABLE MICHELSON INTERFEROMETER
OF REFRACTIVE TYPE

N. A. Gryaznov, D. A. Goryachkin, V. I. Kuprenyuk, E. N. Sosnov, V. L. Alekseev

The Russian State Scientific Center for Robotics and Technical Cybernetics (RTC), Saint Petersburg

In some applications of a Michelson interferometer, in particular, when it is used in a laser resonator, the
high stability of its phases is necessary. The proposed paper contains the comparison of two interferometer con-
figurations. The first of them uses a classical schematic interferometer, the second one is designed with the use
of a refractive schematic one, which is typical of enhanced stability against misalignments and occasional fluc-
tuations of surrounding air. The possibility is discussed of applying the controllable refractive interferometer
inside the resonator for generation of ultra short laser pulses.

Keywords: Michelson interferometer (MI), refractive Michelson interferometer (RMI), the optical paths difference (OPD),

long-term stability

INTRODUCTION

Michelson interferometers (Mls) are devices wide-
ly used for quantitative phase analysis, for recording
small the optical paths differences (OPD) and control
them accurate to fractions of the wavelengths of light
radiation. The high sensitivity of the devices also has
its negative sides. Thus, random changes in air pres-
sure and temperature can cause changes in the refrac-
tive indices in the arms of the MI, and even very small
temperature fluctuations, air movement, mechanical
vibrations of the structure can lead to displacements
that introduce noticeable random and systematic er-
rors in the measurement results.

Passive stabilization of the MI, intended for opera-
tion as a part of a laser emitter of ultrashort pulses,
was experimentally demonstrated by us in [1]. In this
work, we investigate the possibility of further increas-
ing the stability of a laser resonator with a controlled
MI, described in [2], by using an original interferome-
ter scheme containing refractive and mirror optical
elements, hereinafter called the Michelson refractive
interferometer (RMI), the idea of which was proposed
in patent [3].

Judging by the literature, this interferometer
scheme has not found wide practical application over
the past decade. Perhaps the reason for this lies in the
complexity of applying composite optical coatings of
the required configuration, but in the case of a resona-
tor controlled by an MI [2], the use of a refractive cir-
cuit configuration with increased stability may be jus-
tified and expedient.

Below are described the experimental results on
the study of the RMI of the original design, included
in the laser emitter [2]. It was compared with the clas-
sical MI described in our work [1], and the factors
causing possible disturbances in the stability of the
laser output power were analyzed.
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EXPERIMENTAL EQUIPMENT

The optical scheme of the RMI (see also [3]), de-
veloped and studied in the framework of this work, is
shown in Fig. 1. Its constructive implementation is
illustrated by a photograph in the Appendix in
Fig. I11.

The circuit consists of the main 1 and compensat-
ing 2 beamsplitters and a single 100 % end mirror 3.
All elements are made of optical glass K8 with appro-
priate dielectric coatings. The mirror is fully reflec-
tive, and the beam splitters have complex composite
optical coatings. In Fig. 1, the areas with fully reflec-
tive coatings (R = 99.5 %) are conventionally marked
with black lines, the area with a beam-splitting coat-
ing (R = 50 %) is shaded, and the areas with antiref-
lection coatings are free of shading.

Plates 1 and 2 are parallel with the same thickness
and installed at the same angles of incidence to
the input ray I (see Fig. 1), constituting in this case, 30
degrees. The position of the beam splitter 1 is fixed,
the plate 2 can be rotated through small angles (of the
order of several degrees), as shown by the arrow indi-
cated on the image. The end fully reflecting mirror 3
is installed perpendicular to the direction of the input
beam and is fixed in this position. A diaphragm with
a diameter of 2.5 mm is used as part of a laser resona-
tor; in addition, its presence is convenient in terms of
fixing the entry point of beam I into the RMI.

The input beam I on the rear face of the beam split-
ter 1 is divided in half into two beams II and III (two
arms of the MI), and, as can be seen in Fig. 1, if the
angles of incidence are equal, the number and length
of passes through the air and inside the plates in both
arms are the same, therefore, the optical lengths of
the arms are automatically the same. Beams after pass-
ing through plane-parallel plates 1 and 2 are always
perpendicular to the reflecting surface of the single
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Fig. 1. Optical layout of RMI.
1, 2 — beam splitters; 3 — mirror; 4 — EOM crystals;
5 — compensator; 6 — diaphragm

end mirror 3, and possible slight differences in
the thickness and wedge shape of the plates can be
compensated for by a small turn of the plate 2. With
such a turn, the optical path lengths in different arms
of the MI change in different ways. Since both beams
pass through the same media, an increase in the stabil-
ity of the output beam IV with respect to random
thermal and turbulent fluctuations of the external me-
dium should be expected.

In addition, by turning plate 2 in the direction of
the arrow shown in the figure, it is possible to enter
the specified optical paths difference (OPD) of
the interferometer. For this plate 2 is installed on
a turntable. This eliminates the need to include a sub-
micron linear piezotransmitter in one of the MI arms,
which also increases the MI stability to random errors
and fluctuations.

Nonlinear EOM crystals (pos. 4 in Fig. 1) can be
introduced into one of the arms when using RMI in
a controlled mode to generate ultrashort pulses. In this
case, a glass compensator 5 with a corresponding opt-
ical length is installed in the second arm. Note that in
the stabilization experiments described in this work,
elements 4 and 5 were absent.

Plates 1 and 2 with composite optical coatings
were made on the basis of standard IIM15 reference
plates according to our order in OptoTL Ltd, St. Pe-
tersburg. The results of their tests in the RMI, in-
stalled in the emitter described by us in [2], are consi-
dered in the next section.

EXPERIMENTAL RESULTS

The experiments, as in [1], were carried out on the
basis of the compact geometry of the resonator, when
a long (1.5 m) equivalent circuit with the help of mir-

ror retroreflectors was "folded" into a block with
a length not exceeding 350 mm. The external view of
the emitter with the configuration of the traditional MI
(for more details, see [2]) is shown in the Appendix in
the Fig. I12. In the lower part of the figure, the RMI is
shown, which was now introduced into the resonator
as a composite output mirror instead of the conven-
tional MI so that the positions of the end mirrors,
combined by arrow in the Fig. 12, exactly match. The
positions of the other elements of the emitter did not
change.

The optical scheme of measurements, except for
the replacement of interferometers, coincides with the
scheme used in [1] and is not described further.
The alignment of the resonator with RMI is reduced to
the installation of the end mirror 3 (see Fig. 1) strictly
backward along the axis of the resonator; the rest of
the RMI elements do not affect the alignment accura-
cy. At the exit of the resonator, a zero field of the in-
terference pattern is always observed, the intensity of
which changes from maximum to minimum at a small
turn of plate 2 (see Fig. 1).

The intensity distribution in the output spot was
close to Gaussian; the output power level when tuned
to the maximum zero field intensity was, as a rule,
0.2-0.3 W, which was approximately two times lower
than the power level achieved in [1] using the classic-
al MI. This could be explained either by an increase in
the active losses of the resonator due to an increase in
the number of reflections from composite optical coat-
ings, or by the fact that during this series of experi-
ments, a slight decrease in the efficiency of the laser
head was noted in comparison with [1].

The long-term stability of the RMI was high and
did not require its placement in an additional housing.
No fast or slow fluctuations in the intensity were
noted over the observation time of up to several mi-
nutes. In Fig. 2, a, an example of an oscillogram of
changes in output power for a conventional MI from
work [1] is shown; oscillogram in Fig. 2, b, corres-
ponds to RMI.

Fig. 2. Stability of the radiation power level for conventional MI (a) and for RMI (0).
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CONCLUSION

In conclusion, we note that in this work we desribe
developed and tested an original stable Michelson in-
terferometer of the refractive type, the idea of which
was proposed in the patent [3]. The increased stability
of the refractive interferometer has been experimental-
ly demonstrated. The device has the following advan-
tages over the traditional one:

— simplicity and reliability of adjustment, no need
for angular adjustment of elements;

— the possibility of accurate alignment of the OPD
without a piezo-translator, which is an element sensi-
tive to random acoustic noise;

— decreased sensitivity in relation to microscopic
translational displacements of elements and to vibra-
tions of the surrounding air, since the trajectories of
the beams in both arms are the same.
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Experimental testing of RMI in the passive mode mirror of the resonator of a solid-state laser emitting
makes it possible to count on obtaining reproducible ultrashort pulses
and stable results in a controlled mode as a composite

APPENDIX

Fig. IT1. RMI design Fig. I12. Photo of the emitter illustrating the replacement of the
classical MI with the refractive one
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