CoBpeMeHHble nasepbl: HOBbIe rPaHu cBeTa

Nekuma 5

JNIASEPHbIE PE3OHATOPbDI

OTanoH ®abpu-llepo Kak onTU4YecKnin pesoHaTop.
[MpogonbHble Moabl. Pe3oHaTopbl CO cdhepnyecknmm
3epKanamum 1 rayccoBbl Ny4Ykn. YCTOMYMBOCTbL pe3oHartopa.
[MonepeyHble moabl. Pe30HaHCHbLIE YacTOThl U CREKTP
ycuneHna. BHyTpupe3soHaTopHble anemMeHTbl. Cenekuyus
NPOAOSbHLIX M NOMepeYHbIX Mo,



siBneHne pe3oHaHca

Pe3oHaHc (chp. resonance, oT nat. resono «OTKINKACb» ) — CyLLEeCTBEHHOE
yBenuyeHne amnnutygpl konebaHum B cMcteMme npu CoBnageHmm 4acToThbl
BHELLHEro BO3AENCTBUSA C €€ COBCTBEHHOM YacTOTOW KONEBaHWUN. takomsky_most.mp4

Pe3oHaTop (resonator, cavity) — yCTPOMUCTBO UM NMPUPOAHBLIA OBBLEKT, B KOTOPOM
NPONCXOOUT HaKOMNEHNE 3Heprum KosaebaHul, NOCTaBNAEMON U3BHE.

pUPOAHLIE PE3OHATOPLI P
uenoseka: pot, HocornoTka —
BEPXHWil pesoHaTop;

Tpaxeu, GPOHXH — HIKHWA
pe3oHarop.
O/IOCOBbIE CBA3KA
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siBneHne pe3oHaHca

Takomckui mocTt, ~1800 Mm, «TaHuyowmin moct», ~2500 M,
CLWA, wraT BawwuHrroH, 1940 Bonrorpag, 2010




KniouyeBble XxapaKTepucTUKU pe3oHaTopoB

Pe3oHaHCcHasi Yacmoma

Vm (HenpepbIBHbLIA CMEKTP UNKU AUCKPETHLIN Habop YacToT),

Ha aTux uyacTotax BO3MOXHO YyBeNnuYyeHue amMnnuTydbl npu  BO30YXXOEHUU
konebaHuii. MNpocTpaHCTBEHHAs CTPYyKTypa korneGaHui, KOTOPOW COOTBETCTBYET
KOHKpeTHasi YacToTa, Ha3blBaeTcs Mool pe3oHamopa.
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KnioueBble XapakTepUCTUKU Pe30HATOPOB:

HJob6pomHocmsb
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roe Wy - aHeprusa B pesoHatope, Wy - notepu aHeprum 3a nepuog konedanmi T,
XapaKkTepuayeT crnocobHOCTbL pe3oHaTopa COXpaHsATb HAKOMIEeHHY aHepruio. [Ans
OMNTUYECKMX PE30HATOPOB CMOCOOHOCTb COXPaHATb HAaKOMMEHHYK 3HEepruo

onucbiBardT BpeEMEHEM XWU3HU U3Ny4YeHUA B pe3oHaATope, B TEYEHUUN KOTOPOro
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OnTnyeckme pesoHaTopbl

Cneundpmka onTu4eckoro gmManasoHa BoSH (B OTNNYMK, Hanpumep, ot
aKycTmyeckoro [A~15 MM + 15 M; ¢s = 330 m/c] unu

CcBu [A~1MMm + 1 Mm; ¢; = 300000000 m/c | ) onpenensercs
ManocTbio ASMHbI BOMNHbI — 360 - 720 HM — MO CpaBHEHMUIO C NOMepeYHbIM
pa3mepoM nsny4yaemoro nydka wo~1 mm = 1 000 000 um

ViHdpakpacHoe YnbTpaduonetosoe Famma-
PaanoBonHbl  papyuerne n3nydeHuve n3anydeHne
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OnTnyeckme pesoHaTopbl

OT COOTHOLWEHMST ANWHbI BOMHbI A 1 NONEepeYHoro pasmMepa nyyka UsnyvyeHus wy
3aBuCUT BENMYMHa NPUHUMNMANBbHO  OOCTUXMMOW dughpakyuoHHOU
pacxodumocmu
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~1 A ~0,5 < ~0,3 A ~0,1
W, TW, W, W,
00 - yron «pacnrbiBaHUdA» 3HEpPrun npwu

pacrnpoCcTpaHeHUN BOJTHbI. ans BOJTH
ONTUYECKOro AnanasoHa 3TOT yron MOXeT ObITb
oyeHb ManeHbkum (~10° papn=0,057°), T.e.
BO3MOXHA BbICOKasi CTEMeHb noKanuaauuu
3Heprumn n3nyyeHns BONN3K ocu
pacnpocTpaHeHns BOMHbI. [Mo3ToMy Ans BOSH
ONTUYECKOro AmanasoHa 4YacTo WCMNOSb3YHTCS
OMKpbimble pe3oHamopbl (He wumerwme
OOKOBbIX CTEHOK).




UHTepdepeHLns BONMH U KOrepeHTHOCTb UCTOYHUKOB

HekorepeHTHble ~ UCTOYHUKMU: KorepeHTHble NCTOHHNKN:
HeT NHTEpdEPEHLIMOHHON ecTb  WHTepdepeHLMoHHas
KapTuHbI BOSH KapTuHa




AtanoH ®adpu-llepo

[MpOTOTMNOM ONTUYECKOTO pe3oHaTopa NCTOPUYECKM ABMSIETCA MHO_20/1y49ee8oll
uHmepgepomemp (3amasioH), onucanHbi Lapnem ®abpu n Anspenom MNepo
B 1899 . OH cocTosn 13 AByX pacrnornioXeHHbIX Ha HeBOMbLIOM PacCTOSHUW ApYyr
OT Apyra nnockonapansenbHblX YacTUYHO NocepebpeHHbIX CTEKIMAHHbBIX NNACTUH
(nonynpo3payHbix 3epkas) 1 No3BOMNI CYLLECTBEHHO MOBLICUTL pa3peweHue

crieKmpasibHbIX U3MepeHuU.
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Pe3oHaTtop ®abpu-lepo

B 1958 rogy noytn ogHoBpemeHHo Npoxopos u LLlaBnos ¢ TayHcoM npeanoxunm
ncnonb3oBaTtb atanoH ®abpu-epo B kayecTBe pe3oHaTopa ONTUYECKOro
KBAHTOBOrO reHeparopa (Bnocrneactsun — siasepa).

MpuopuTtet — 3a NlopgoHom 'yngom, kotopbin caenan ato B 1957 roay. OH xe
npegnoxun TepmuH laser (Light Amplification by Stimulated Emission of
Radiation).

B nepsom nasepe, cosagaHHom MenHmaHom B 1960 roay, cepebpsiHblie 3epkana
HaHOCUIMCb Ha Topubl pybruHoBOro ctepkHs. No3gHee, B Tom xe 1960 T, B
nabopartopun nmenun benna, saapabotan nepBbii B MUpe rennin-HeoHoBbIN (He-Ne)
nasep, pe3oHaTop KOTOPOro Obis1 ANMHHOM OKOMO 1 M C NNOCKUMU KOCTUPYEMbBIMU
3epkanamu ¢ oTpaxarLMMn MHOFOCIIONHBIMU OU3MNEKTPUYECKUMU NOKPLITUSMMU.

R
Hanee 6ygem cuntatb, 4To Pe3oHatop ®abpu- 2

[Mepo cocTonT U3 ABYX MIIOCKUX 3epKarn C
KoadbpmumnmeHTamu oTpaxeHus Ry n R,,
pacnosioXeHHbIX Ha paccToaHuu d opyr oT gpyra d




Pe3oHaTop ®abpu-lepo: npoaonbHbIe Moabl

YcnoBre «pe3oHaHCHOCTU» TpebyeT, 4ToObl Mone BOMHbl BOCMPOWM3BOAUIIOCH
nocne kpyrosoro obxopa, T.e. Ha OBOWHOW ANWHe pe3oHaTopa YyKiaablBanochb

Lenoe 41cro AnvH BomH: 2d = qA,. Takne BOJHbI Ha3blBaKTCA MPOOOsILHbLIMU
ModamMu pe3oHamopa.
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Pe3oHaTop ®abpu-lepo: n,OOPOTHOCTL

PaccmoTpum pesoHatop Pabpu-llepo, obpasoBaHHbIN 3epKkanamm ¢
KoapdpuumeHTammn otpaxeHus Ry n R,. [yctb Ha 3epkano ¢ Ry HopMarbHO
nagaet OM MoHOXpoMaTmnyeckasa BosfiHa YactoThl v U amnnutyabl Eqy. Pasza
BOJSHbI, caenasLlen o6xo4 pe3oHartopa, yBenuuutcsa Ha A@q = k- 2d = ZT”Zd =

{v=3%vp=51= Zn%, a aMnnuTyga nons ymeHbwutcs B /Ry R, pas.
NHTeHCMBHOCTL Nonsi BHYTpY pe3oHaTopa HaraeM rnocrne CyMmMupoBaHUs BKNaaoB
nornen nocne MHormx 06xogos. OKoHYaTEeNbHO NOMYYUM:
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MakcumarnbHas UHTEHCUBHOCTb MO

BHYTPU L gy = "’(17_’“)2 [ocTUraeTcs 201 }
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npuv =q - vg

UHTEHCUBHOCTb BHYTpPU

Bpemsi Xu3H1 n3nyyeHus B pesoHaTtope 0
x Q 1 qv, (Q+1)v.

¢~ 2mv ~ vp(1-Rp)(1-Ry) F vactoTa



Pe3oHaTop ®abpu-llepo: HakonneHne aHepruum,

nocraBnsieMon N3BHe

max “: Q58

(133

.
IC: e

W

Onuxa pa3oHaTopa
L =mil2
Bpema 06xofa peIonaTopa
T =2L /e
L ©
BpemA MuaHW HINYYEHHA B PEIOHATO DR
T =T{.|'11-R!+I-FI2|
YaanW4eHNE SMAAHUTYQL NG

12 12
=R 4R R



Pe3oHaTop ®abpu-llepo: yctTonumBoCcTb

NMoMMMO BbICBEYMBAHUSA HAKOMSIEHHOW 3HEPIrMM Yepes
3epkana pe3oHaTopa, CyLLIEeCTBYET eLle «yTeyka»
SHEPTUN «MUMO 3epKany - dugbpakyuUuOHHbIe nomepu.
MonyunTb NpeactaeneHme 06 3ToM NpoLiecce MOXHO,
BOOOpa3svB B pe3oHaTope fny4y B HanpaBneHum
pacnpoCTpaHEHMs 3HeprMm nanyveHus. B pesoHatope 13
NMoCKMX 3epkan nobon Takon nyd Bcerga oyaet
HEeOrpaHMYeHHO OTKNaHATBLCS OT NePBOHAYaNbHOIO
NONOXEHNS N NOKMHET PE30HATOP, ECNN OH HanpaBneH
He BOONb OCK. Takne pe3oHaTopbl Ha3biBaloT
Heycmouy4uebiMU.

Mcnonb3oBaHue cpepuryecknx sepkan
NO3BONAET «YyAepXuBaTb» TPAeKToOpUmn
BCEX Ny4en, Y KOTOPbIX HAKMOHbI K OCU U
pacCTosAHUSA 00 Hee nexaT B HEKOTOPOM
AnanasoHe 3Ha4yeHnn. Takne pe3oHaTopsbl
Ha3bIBalOTCA ycmouyuebIiMU.




FayccoBbl Ny4Ykn u chepuyeckmne sepkana.

Paguyc KpnBu3HblI BOFTHOBOMO (ppoHTa rayccoBa nyyka:

BonHoBoM poHT rayccosa nyuka:
Mnockmn —npn z=0
Cdbepuyeckui — npu z#0

1
z, 0 z, z

Ecnn B ny4ok nomecTuTb 3epkarno ¢ pagnycom KpUBM3HbI, paBHbIM paaunycy
KPMBM3HbI BOSTHOBOrO (DPOHTA B 3TOM CEYEHUW, TO BOSTHA MOCHEe OTPaeHUs
OyaeT pacnpocTpaHsiTcs TOYHO Hasag. Myyok okasbiBaeTcsi «3anepTbiM» MeXay
ABYMS 3epkanamu cghepuyecko20 pe3oHamopa.



YcTonumBocTb chepuyeckoro pesoHaropa.
SKBUBareHTHbIe pe3oHaTopbl.

Kputepuin ycTon4nBoCTM pe3oHaTopa Co chepmyeckummn sepkanamm

g MnockonapannenbHbli
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[nsi 6onee crnoXHbIX KOHCTPYKLMIA Pe30HATOPOB, COCTOSILLMX U3 NPOU3BOSIbHOMO
KonuyecTBa cpepuyeckmnx 3epkar 1 rfinH3, cyLLecTByeT npoleaypa NnpuBeaeHns

X BHYTPEHHEN CTPYKTYpPbl K 9Keu8asieHMHoOMy chepmnveckomMy pe3oHaTopy, A4S
KOTOPOro crnpaBeiinB BbllLleyKasaHHbIN KpUTEPUN YCTOMYMBOCTU
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Honepequle MoA4bl

3 KoopAMHaThl Ny4Yka - ogHa NpoAosbHAs U ABE NONEePEeYHbIX — COOTBETCTBYIOT
Tpem cteneHsm ceoboabl. B npogonsHOM HanpaBneHMn BO3MOXHbIE Pe30HAHCHbIE
4YacTOTbl HYMEpPYTCA MHAEKCOM q. B nonepeyHoM HanpaBneHue BO3MOXHbIe
pacnpegeneHs UHTEHCUBHOCTU HYMepYylTCS ABYMS MHAEeKcaMu, Hanpumep, I v
m, (I, m=0,1, ...) [NpuHAToe mexayHapogHoe o603HavYeHne nonepevHon
CTPYKTYpbl Na3epHbIxX ny4ykoB TEM,, (transverse electromagnetic mode).

ayccoB Ny4ok ABRSeTCA Hu3weu v OCHO8HOol rnornepe4Hou modol TEM,,
onTu4eckoro pesoHatopa. OH xapaKkTepu3yeTcs KOroKornoobpasHbIm
pacrnpegeneHnemM MHTEHCUBHOCTU B JlOOOM MONepeyHOM CeveHnmn 1
MUHMMaNbHOM ANdpPakuMOHHOM PacXOAMMOCTbIO (MakCuMarnbHOW NPUoCceBOM
nokanusauuen) nsnyyvyeHust cpeamn Bcex nonepeyHbIX Mo KOHKPETHOro
pes3oHaTopa.

VRCAIAT NS THIUEHING HATONCYEHD LT I
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Honepequle MoAbl

Pacnpenenexve nHteHcnsHoCTY Bbiclunx mog TEM,,, onpeaenserca cummMmeTpuen
KOHCTPYKLUMWN pe3oHaTopa.

Mpun OTCYTCTBUU BblAENEHHbLIX HANpPaBneHui Nonepek ocu pes3oHaTopa B HEM
MoryT 6bITb BO30OYyaeHbl Moabl Jlareppa-laycca, nmetoLime UUNUHOPUYECKYHO
CUMMETPMUIO.

01* 01

D D)

11 21

PacnpefeneHne MHTEHCUBHOCTM
1 BOSIHOBOW (PPOHT MyyKa
Nareppa-layccac | =1 (nydok
C BUHTOBOW ha3on)



I'Ionepequle MoA4bl

Ecnu B pe3oHaTope MMelTCs 3NeMeHTbl, HapyLuatowme LMnMHAPUYECKyHo
CUMMETPUIO, HAaNpMMep, NNAacTUHKK, pacnonoXeHHbIe NoA YroM K ocu, To byayT
BO30yxaaTbcst Moabl ApmuTtTa-laycca, obnagatowme npsiMoyrofnibHOn
CUMMETPUEN.

YacToTbl OCUMNNALUIA BbICLLUMX NONEePEeYHbIX MOL
nmeroT HebonbLuMe COBUMM MO OTHOLLEHUIO K
YacToTe OCUMNASLMN OCHOBHOW rayCCOBOW MOfbI.
BenuuunHel aTMx caBMros onpegenatTcs
KOHCTPYKLMEN pe3oHaTopa.

TEMooq TEM00q+1 TEMooq+2
1= N AR
2L 2L
TEMp !
TEM |
11, L., L. i 5
v

q-1 q g+1 g+2
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KonbueBown pe3oHaTop

B pe3oHaTope ®abpu-lepo eceada cywlecTByoT ABe
GeryLume BOmHbI, Cyneprno3numeit KoTopbix ABNseTcs
cTosi4asi BonHa.

B KonbLeBOM pe3oHaTope MOXHO OCTaBUTb MOJIbLKO OOHY GeryLyto BOfHY C
NMOMOLLbIO «OMTUYECKOro Anogay» - a4enkn dapages.




KonbueBoW pe3oHaTop B BuAe Lwenyylen ranepeu

Lenuywas ranepes nog Kynomnom
Cobopa Cearoro Naena B JIoHAoOHeE:
3BYK pacnpoCTpaHsAeTCs BOOSb CTEH U
He CnbllWeH B LEHTpe

3epKanbHbii pesoHaTop [uanekTpuueckui pesoHatop



Mukpope3oHaTopbl

Y MUKPOPE30OHATOPOB OAMH UM HECKOSLKO XapaKTepHbIX pasMepoB M3MepsIioTCs B
eaVMHULAX UNW JoNsSX ANMH BOSH. ManocTb pasmepos o6ecneyrBaeT BbICOKYO
4aCTOTHYIO M3BMPATENbHOCTL (Vg = 45,9 = 1,2, ... ). MMKPOPE3OHaTOPLI MOTYT B
LUIMPOKUX CNEKTPanbHbIX MHTepBanax noAasnsTh U3MNyYeHNe CBETa MCTOYHMKAMK,
MOMELLEHHBIMU BHYTPb, 1 U36MPaTeNnbHO YCUNMBATh NCMYCKaeMoe U3NyyeHNe,
coBnaaroLLee no YacToTe C BbICOKOAOBPOTHLIMU MOAAMMU.

Mukpoguck
-

Mukpoportop Mukpocepa

DOTOHHO-KPUCTANMYECKHT

Mukpocronfuk

HopmuposanHbie Mogoesie 06bems V/ A2 u gobporHocts Q
Pa3nNHuYHBIX MWKPOPE30HaTOPOB

Mukpoctonbmk | MHKpoaHcK MukpoTtop Muxkpochepa | DOTOHHBII KPHCTALIL
viA3 5 5 10° 10° 1
(0] 10° 10 10°8 Lo 10%




Mukpope3oHaTopbl

Dabpu-llepo PesoHamopsi wen4vywel eanepeu DomoHHbIe Kpucmarniie!
o
s
N
o =
7
5=
Qo
(SI = " 5 5 &
N = 5 o Q=~T7x10% nonynp. Q ~6x10° Si
A Q ~5x10°, Si &
- Q ~ 1 x 10°, nonum.
©

BbsicokodobpomHele

Csepx006pomHbie
> 1Mk, V > 103mkm® |7 > 1HE, V ~ 107 mMkm

Q~8x10% Si0, Q=~10Y, CaF,




CI'IeKTp yCurneHnsAa m pe3oHaHCHbIEe HYacCTOTbl

BaxHo, 4TOObI YacTOTLI MO, COOTBETCTBOBAsN Nosioce ycuneHuna cpenbl:
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BHyTpMpe3OHaTOprIe dJIeMeHTbl. ceneKkuyus
npoAaoJibHbIX MOA4

c
bv=-7 KoHTYp ycuneHus
Ecnn He npeanpuHUMmaTh ) N
cneumarnbHbIX Mep, TO fasep ] SR
MOXET reHepupoBaTb - -
—q< V
N3riy4eHme ¢ OTHOCUTENBHO Moge! pesonatopa v, = q5;

LUIMPOKUM CMEKTPOM.

CnekTparnbHasi cenekums — co3gaHue yCrnoBui, Npu KOTOPbIX reHepupyemoe
n3nyyeHne nmeet Gonee y3kuii CNeKTP, YEM CMEKTP YCUNEHMS.
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Av = 2d . KoHTyp younenns
KoHTyp ycunenns
g
notepu ; ore
A noTepu
Mo 30HaTopa v, = qﬁ v Mo

— ¢ v
3oHaTopa v = q5;
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BHYTpMpe30oHaTOpPHbIe 3NEeMEHTbI: ceneKkuus

nonepeYvyHbixX Moa

[MonepeyHblie MOAbI pe3oHaTopa OTNMYaroTCa Apyr OT Apyra B Ntobom ceveHnn
pacnpegeneHnemMm NHTeHcMBHocTen. Kak npasuno, Tpebyetcs, 4ToObl nasep
reHepupoBar nsny4yeHne Ha OCHOBHOW nonepedHon moge TEM, (rayccoB ny4ok),
NMOCKOSIbKY OHa MUMEET MUHUMArNbHY OANPPAKLUNOHHYIO PacXogMMOCTb U
No3BOSSET Npn POKYCMPOBKE NoslydaTb NATHO MUHUMAaNbHOIoO pasmMepa
(oTHOCUTENBHO APYrMX NOMNEPEYHbIX MO aHHOro pesoHartopa).
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Pacnpenenenne HATCHCHBHOCTH MEKOTODEIX MO/ B UH/ITHHIDHYECKHX KOODAHHATAX.
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