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2.1.1 Hapabonuueckoe npuo.iusxcenue

BoJHOBOI J1a3epHBII IIYUOK B CUIY CBOEH BHICOKOM HAIIPABICHHOCTH UMeeT MHOTO
o0mIero ¢ IIOCKoM BoaHOI. OTIMYHE K€ €ro OT IUIOCKOM BOJHBI COCTOMT B TOM, UTO
pacrpeeeHie UHTEHCHBHOCTU B HEM HEOIHOPOJHO (MOIIMHOCTH IIVUKAa, B OCHOBHOM,
CKOHIICHTpHUpOBaHa BOIM3H OcH), a (pa30BEIil (PPOHT HECKOIBKO OTIMTASTCS OT IUIOCKOTO.

HO')TOMy PeHOICIINC [IPpUBCICIIIIOroO BOJIIIOBOI'O YPaBIICIIHA, oImcLIBaromee
PacCIIpOCTPAHCHHUC TAKOT'O ITYYKAa. 6}’,Z[eM HCKaTh B BUJC
ikz g
W=, Y, 28, (2.1.1)
rae z/(x,y,:' - MCUICHHO MCHAOHIAasACA KOMIIJIIEKCHAaA (l)yHKIII/ISI, KOTOpas U OIIpedcIiaACT

CBOICTBA JIa3€PHOTO IMIYUYKa, OTIMYAIOINUAE €r0 OT IUIOCKON BOJIHBI. BEICTphIE OCHWLIALINU
110 z 0OYCIIOBIEHBI IPUCYTCTBHEM B (2.1.1) 3KCIOHEHIIMATIBHOTO MHOKHUTENA. [Ipumenss
omneparop A k pyukuun ‘¥, nmeeM
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Ecim B Belpakenun (2.1.2) npeHeOpedb BTOPOH MNPOM3BOJHOM # IO Z IO
CpaBHEHMIO ¢ IEPBOIA, TO Ha OcHOBaHMU (1.2.20) monyunM ypaBHEHHE
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[TomyueHHOE YpaBHEHHE OTHOCHUTCS K YPABHEHHMAM IMapadoIMUecKoro THIA, a caMo
npuOIM/KEHHE, B paMKaXx KOTOPOTO OHO OBLTO TOJIYYEHO, Ha3bIBaeTCs IMapadoIMIecKUM
npudmkenuemM. HerpyaHo nokasaTh, 4TO ypaBHEeHHIO (2.1.3) OyaeT yIOBICTBOPSTH Tak
Ha3bIBAEMBIHM TayCcCOB MYYOK, aMILUIUTY/1a KOTOPOTO MEHSETCS 110 MOIEPEYHOH KOOPIUHATE
10 FaVCCOBOMY 3aKOHYV.



2.1.2 Ceoitcmed oCHOGHOI MOObI
Jli1 rayccoBa Iydka MOJKHO 3allicaTh BHIPAKCHUE

B kK )l |
u=aexpL1 p+zr J (2.1.4)



e 2 =x%+ y 2 ITapameTp P - KOMILIEKCHBIN (pa30BBIM CABUI IPU pacIpOCTpaHECHUU
CBETa BIOJb OCH Z, a ¢ - KOMIUICKCHBIM MapaMETp IIyYKa. ONPEICIIAIONIUI rayCcCcoBO
PACLIPEUCICHUE 11051 110 KOOpAuHale 7, Lue r - paccrosHue o1 ocu. Kpome r1oro, g
ONPCACIICT KPUBU3HY BOTHOBOTO (PPOHTA, KOTOPHIH BOIM3U OCU SABJACTCS CPCPHUCCKUM.
[ToacraruB Beipaxkenue (2.1.4) B (2.1.3), moayuum

4 N (7.2
2k(p'+i+(k' (1-¢')=0. (2.1.5)
¢/ \ q

[IITpux o3Ha4YaeT MPOU3BOJHYIO 110 z. YpaBHeHHE (2.1.5) 3KBUBaJICHTHO JIBYM YPaBHEHUAM

g=1, 2.1.6)

P 2.1.7)

Huterpupys (2.1.6), moimyyaem

94, =q tZ. (2.1.8)



DTO ypaBHEHIIE YCTaHABIIBAET BECHMA IIPOCTOE COOTHOIISHIIE MEKIY IapaMeTpoM ITyuKa
B Pa3HBIX CEUCHIAX, OTCTOANNIX IPYT OT APyTa Ha PACCTOSHII Z.

KorepeHTHBIII CBeTOBOII IyYOK C TayCCOBBIM paclpedeleHlieM MO IMeeT
(l)yH,I[aI\'IeHTaHBHOC 3HAUCHIIC B TCOPHII BOJIHOBBIX ITYYKOB. JTOT ITYHOK HAa3bIBAKOT
OCHOBHOII MOJ0If B OTMITYIE OT APYTHUX MO 0ojee BBICOKOIO MOpAAKA, KOTOphIe OVIyT
paccMaTpuBaThCA HIDKe. BereacTie ocoGoii BaKHOCTH pacCMOTPUM CBOIICTBa rayccoBa

ImydKa ¢ [THHOII BOTHBI A OoJiee moapoOHO.
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JIsg 5TOro BBEIpa3M KOMIUIGKCHBII IIapaMeTp ¢ uepe3 [aBa AeliCTBHTEIbHBIX
mapamMeTpa Imydka R m w
1 1 . |
Pl e (2.1.9)
q R W™

@I3MYecKnil CMBICT ATHX IMapaMEeTPOB CTAHOBHUTCSA SCHBIM IIPH  IOJICTAHOBKE
cootHomeHns (2.1.9) B (2.1.4). BuaHo, uto R eCTh pamiyc KpHBI3HEI BOITHOBOTO (PPOHTA,



a W XapakTepH3yeT M3MeHeHNe Moid £ B monepeduHoil mockocTi. PacmpeaeneHne Mo B
3TOIl IUTOCKOCTII, KaK BILOHO I3 puc. 2.1.1, momumHAeTcA 3aKoHY laycca m w paBHO
PACCTOSHITIO, HA KOTOPOM aMITTNTYIa Mol YOBIBaeT B € pa3 MO CPAaBHEHIIO C T0JTeM Ha
OCI.

BakHO OTMETHTB, UTO rayCcCOB XapakTep paclpejeneHre Moius OyJeT NMeTh B
moGoil MIocKocTH, OyIeT MEHAThCS I IIPIHA 3TOro pacmpeneneHns. [lapamerp w
NPIHATO HA3BIBATh PAadIlyCOM ITyUKa, a 2w - JIIaMeTpoM IIyuka. B HeKoTopoil IOCKOCTIL,
HA3BIBAEMOIT TOPIOBMHOI MTyYKa, TayCCOB MYUOK CTATHBAETCS K MIHIMATEHOMY TIAMETPY
2w, . B 5T0Il II0CKOCTIL, OT KOTOPOI] Ie/eco00pasHo OTCUITHIBATE PACCTOAHIE Z, (a3oBbiil
(pOHT ABTACTCA IVTOCKHM H KOMIUISKCHBII MapaMeTp IIyUKa CTAHOBHTCA TIICTO MHIIMBIM

‘TVI-'2 4
go=—"2. (2.1.10)

Ha PACCTOAHIII Z OT I'OPJIOBITHBI

=g, +8=— 5. (2.1.11)



N3 comoctapnenns cootHomenmil (2.1.9) n (2.1.11) merko momyuuTh ClIeayIOITIE
BAKHBIC B TIPAKTIYECKOM OTHOIMEHHIIT BBIPAKESHIIA:

j 1 % |
w(z) =wy| 1+ = : (2:1.12]
™

St

R(z)==z{1+

: (2.1.13)

-
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W3meneHne pamiryca, 3agaBaeMoe BeIpaxkeHuneMm (2.1.12). rpadmeckn mimocTpupyeTcs
puec. 2.1.2.
O0pa3yromas nmyuyka w(z) OpeacTaBisieT co0oil TunepOoIry, acHMITOTa KOTOPOI
HAKJIOHEHA K OCH IO YIJIOM
6= A/ mw, . (2.1.14)

ITOT YroJ paBeH VIIIY IHI(])D&KIIIIII OCHOBHOII MOJIBI B JIATbHEI 30HE.
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Gaussian Beams & the ABCD Law
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Example: Focusing of a Gaussian Beam by a thin lens
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Lecture 15

After propagation through free space by z,,
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The real part is zero when

and
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N3mepeHna xapakTepucTuk
nasepHbIX NYyYKOB

« TOCT P UCO 11146-1-2008

« M? - napameTp OJ19 KONMYECTBEHHOW OLIEHKM KayecTBa ny4yka
rnla3epHoro nyva.
MNapameTtp M?, Takke HasbiBaeMbIn MAapaMeTpoM KadecTsa nyqka
N1 napamMeTpoM pacrnpocTpaHeHUs nNy4dka, 3To obLenpuHsaTas
BENUYMHAa Ons onpegeneHnsa onTUYeCcKoro KayecTsa NasepHoro
nydyka. CornacHo ISO Standard 11146, oHa onpenensieTcs Kak
oTHoweHue BPP k A/ 11, nocneaHee asnsaetcsa BPP ang
ONppakUNOHHO- orpaHn4eHHoro ['ayccoBa ny4vka Tom Xxe AN HbI
BOSTHbI. [IpyrMmmMn cnoraMm. nonorRyHA Yyriia pacxoguMoCcTy nyyka
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e D40 or second moment width

The D4o width of a beam in the horizontal or vertical direction is 4
times o, where o is the standard deviation of the horizontal or
vertical marginal distribution, respectively. Mathematically, the D4o
beam width in the x-dimension for the beam profile is expressed as

25 oo Iz, y) (e — T)? da dy
[ Iz, y) dx dy

Dio = 40—4J

2%

2 oo Iz, y)x da dy
20 25 Iz, y) da dy




BPP ( beam parameter product - nponsseaeHne napameTpoB nyyka),
onpegensaeTcsa Kak npom3sBedeHne anamMmeTpa nydka B NepeTsKKe Ha
NOSHbIN Yron paxogMMoCTU U3nydeHust (Mm Mmpag).

Focusing Lens Laser Beam Caustic Beam Profiler

Measurement Positions — 2




[lpoBeOdeHne namepeHnn

[lepersikka co3naércs ¢oxycupyrowei nuH30i ¢ (QokycHbiM paccrosiHueMm 10 cwm.
OCHOBHBIM KpPUTEPHEM ONTUMAIBHBIX MApPaMeTPOB (OKYCHPYIOLIECH CHUCTEMBbl SBIISIICA
MHHUMAaJbHbIN pa3Mep nsaTHa u3nydeHus Ha nosepxHoctu [13C-kamepsl. YBepeHHOE n3MepeHue
AMaMmeTpa mydka BO3MOXHO MNpH perucTpauuu auamerpa He MeHee 15 nukcensmu [13C-
MaTpuilbl BUACOKAMEphl, KOTOpas B HauieM ciy4dae coctasnsier 7 Mkwm. [lepemewenne I13C-
KamMepbl BJOJb OCH PACHPOCTPAHCHHUS] MyYKa OCYLUECTBISUIOCh C HMCMNONB30BAHMEM CHCTEMbI
MepeMeLLIeHNs, YIPABISeMOi KOHTPOJ/LUIEPOM LLIArOBOrO JBUTATEIIs.

JluameTp rayCCOBCKOIO my4yKa 3aBUCHT OT PaccTOsiHus 1o popmyIe:

7 A7 2k e 2 ez (N D
Di(z)=D;+(z=2,) O /2,
rae Dy — wmMpuHa nepersnkku nydka MO YpPOBHIO 1/€é MHTEHCHBHOCTH, Zp — MOJIOKEHHE

NEePeTsKKU Mmydka, © - pacxoaumocTs uditydeHus. [locne annpokcumanuu KCEpUMEHTATBHO
M3MEpPEeHHOM 3aBucUMOCTH D(z) yka3zaHHO# Bbile (DYHKLMEH, BNOCIEJCTBUU PACCUUTHIBACTCS

72

napameTp M’ 1o dopmyne: M =W-Do@ . Pesynbrarel n3mepenus npoduns GokycupoBku

2
U napameTpa kauecrsa nyuka M” uznyuenus He-Ne nasepa npusenens! Ha puc.S.



P! M2 measurement

Laser Beam Parameters
Laser Wavelength, nm X Beam Waist

4632
;

X Axis
X Beam Waist Diameter
300 wm
X Beam Waist Position
78 mm

X Beam Divergence

10 mrad
D i
M2 X parameter 100
15 Axis X
e
) SAVE T0O FILE
Y Axis
Y Beam Waist Diameter
200 m
Y Beam Waist Position
74 min

Y Beam Divergence
10 mrad

M2 Y parameter

17

CLOSE WINDOW
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LeCure 1s

OPTICAL RESONATORS AND EIGENMODES

A
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An eigenmode reproduces itself after a round trip in the

cavity

— Spatial Profile and Phase

Fabry-Perot Cavity:
— Eigenmodes are plane waves

Resonators with spherical mirrors:
— Eigenmodes are Gaussian Beams



The requirement that a Gaussian Beam reproduce its

Aq,+B
Cq,+D

Note: Cavity stability puts requirements on A,B,C, and D
and implies that the Gaussian wave fronts "match” the
mirrors; i.e. an eigenmode must have radius of curvature
equal to the mirror, at both mirrors.

spatial profile is g, = q,-



Introduction to Lasers
Lecture 16

11 /\2/ Mirror, Radius of
q R 7w curvature =R
.
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These requirements determine the spot size at the waist,
the position of the waist, and the spot sizes on the mirrors.
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FIG. 5.9. Spot size behavior in symmetric resonators: (a) confocal, (b) near-plane, and (c) near-concentric.



Eigenmode

We expect the
waist to be closer
to mirror 2

R / R, =0

Waist for
eigenmode is at
mirror 2

Bt W R ¥



For the general resonator:
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Lecture 16

Eigenvalues

The requirement that an eigenmode should have the same
phase after a round trip in the cavity puts requirements on
the allowed frequencies. The eigenvalues of the
eigenmodes are the resonant frequencies.

C

Fabry-Perot Modes — v, = mi =L
2L m
Rei;i;ti\'e
Index
I ¢ ¢lm
Gaussian Modes — v, = n +-—=
zn;-L n=0.T.3.... 272
E}i.rra

Phase




Remember that
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Different phase
for higher order
modes



Higher-Order Modes - HG
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Hermite-Gaussian modes
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Using Gaussian Decomposition

At slit




Laguerre-Gaussian modes
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Resonant Frequency



Boundary Conditions in Resonator

* Whole number of wavelength in full round
trip i.e. whole number of half wavelengths
between mirrors

2kL=q2n

i.e.fqzqc/(ZL)

For opt freq. modes q ~10°, relative spacing is small



Frequency of Higher Order Modes
* £ = (@ + (M+n+1)/m cos[2Vg, g,] ) c/(2L)

near
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near .
concentric




Laguerre-Gaussian modes
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Frequency of Higher Order Modes
s o = (@ + (MEn+1)/m cos[+Vg. g.]) c/(2L)

near
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Mode Matching

LHT \

In general will need to match the incoming mode
shape to the cavity if you want to get the power 1n.



The different phase factors for higher order modes means
that higher order modes have different resonant
frequencies.

o o . v (n,0,0)
n11,1 n1,,2 n,1,1 / [(n.1,01(n,0,1) (n+1,0,0)
l:n.0.0] l:n.0.1] I:nd.0.0] ] / [tn,10) (n,0,2]] /
v L (c/20umeR) "2 Y
b - c/[. Lo C/(ol.""‘ C/ZL

FIG. 5.10. (a) Mode spectrum of a confocal resonator and (b) mode spectrum of a near-plane resonator.



