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goboobooo,0boboooobobobooooobob,0boboboobo.obobg
gboobdoboboooooboboobobo,ooooboboobboboobobobon
go.0boz200b0oboooog,bobopbbbOdb00.oobobboboobOobO
g20000000000b0O0bOO0DbO0bL,0bo0o0bOo0obDooooba.

gooooboobooobooobo,booboobbooboobbobboo.ooba
gooooo,boodbob.coboobbooobbooboooobo,0bboobboo
gobooodob.obooboobooobooboobboobooboob,0boooba
googo.

good

gooo,0boobo,ogbooo, oo, bobooboooboo.b0bbb,0bbobg
000300000,000000000000000000,Brillet-HallO0000OO0DOO0O
goboooboogoog.

go.,.0oo0bobopoooboboboboboo.coo,0bobo spoboboooboobg
gooooooon.

4.2 0O0OO

4.2.1 0000

Fabry-Perot cavity
laser AOM NPBS EOM N4
i A i N
] V) I E——— U U
cylindrical PBS matching

lens lens

beat acquisition port

043 DO0OO0OODOODOOO

RN

00000 Lightwave 0 O MISER(Monolithic Isolated Single-mode End-pumped Ring laser)
O0000.000LDOO,Nd-YAGlaserO,000 1064nm 000000. 00000300
000020000000000,00000000000000000D000. 300000
0 ,model 120 0 4mW 0O 0O, model 1200 40mW 0O 0, model 126 0 50mW OO OOOOD0OO0O.
goo0o0opoO0o0ODOO0O0ODU0O0ODODO0ODOOO0OOODODODO0ODODDOODDOODDO,D 44000
oooooooo.

000000000o0oo0o0o000000oD2000000000000A0.

e PZT OO
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beam size [mm]

beam size [mm]

| |
1 : :
AmW Nd-YAG laser
0.45 i 1
+ + X - waist position 400mm
waist size 0.30mm
O Y - waist position 254mm
waist size 0.29mm
0.40
O
N
035 2
+ +
+
0.30 52 =
~N
o
100 200 300 400
length from the top of the laser [mm]
| | |
i i i i /O
06 1-~|model 126 Nd-YAG laser |
0.5 7
+ X - waist position 60mm
waist size 0.17mm /
O Y - waist position 65mm
0.4 waist size 0.11mm
O
0.3 /
0.2 4y /
\’_.__/
50 100 150 200 250

length from the top of the laser [mm]

beam size [mm]

0.6

0.5

0.4

0.3

40mW Nd-YAG laser |

X - waist position 36mm
waist size 0.33mm
Y - waist position 52mm
waist size 0.24mm

/D

S

e
nd

100 200 300

400

500

length from the top of the laser [mm]

600

044 MISEROOUOODOOOOOO.DO0D0ODODDODOOOODOOOODOOO.
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- YAGUOUOOUOOOOOO pZTobbbobob0obbobobobuoboboobooog
O0DO000.000 1w00kHzO0000000000000.0D0D0000OD0OO00O0OO
gooboboboobo,0bdoobooooboobooboooboo.

e JOODO

- gboboooboooooobboobo.bo01boobbob,bbooogo
gboooboobooooooog.

god

gobogoobbob,0o0oboobobobob4a000000.

041 DOO0ODOOOOO

oo Clearceram 55 00 0 7
oo ood
gd 110mm
ogdn 50mm
gd 50mm

O0000000,REODO0D,0000004.2000000000.0000'000 105~ 108
000000,00000000 10°0000000000000.000000000000. 0
0 Clearceram O optical contact 00O .

042 DOOOOOODODOO

aagd 1 inch
front mirror flat rp=0.999984
end mirror | concave R=500mm, r=0.999984
oooo 10°
oooooo 1.36 GHz

AOM

AOM(Amplitude Optical Modulator) D0 0000000000000 00OO0O0OOOOOOO
00000000, isolator 000000000, 8OMHzOOOOOOOOO 10000000,0
0000000000000000000000000. AOMO O brimrose J O IPF-80-20-1060
0,AOMO0000000 FFF-80-B1(2)-F1O00ODODO.

Do ADDD.
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EOM

EOM(Electro Optical Modulator) 00000000 O0O0.00000,15MHzO0000000
00.00000,New FocusO 40030 000.000 LiNbO;O0D0O0.00D00000CDOCODOOO
0,0.1 ~03rad/VOOOOOOODO.

NPBS

NPBS(Non-Polar Beam Splitter) D00 0000000000000 OOOOOOOOOOO
00o0oooo,000000000000000D00.10% 000000, 0000000,00
oo00000ooOoo0OboooOoO0O00,00000000000.

U Doobooobgod

gobobobboooobbooboooobobooob,0booobooobboobon.
gbo.,.0o0bobobobobo20b0obpoboobobobooob bbobobobobon.

4.22 0 0O0OO0OO0OOO

ogoobooobooobouoo NPBSODODO,PDOOODDOO.

ooooboobooo1s3e GHzODOUODO,OODoDbOoOoboOoOo 136 GHzOODOUOD.O
00000 PDO0OO0O0OUODOODOODN New FocusOUO 1611-ACOODO.O00O,00 PDODO
00-3dBO0O0O0O0O 12GHz00000,136 GHzOOOOOODOODODOOOO.

U000 0bOobD0o0oboobOobUoDn HP O 533181A+option015 0000 . DODODOODOO
obo0o 1.5GHzO000.

4.3 0O0OO

4.3.1 0OO00OOOO

33.10000000000,0000000
da = 27x1077 rad (4.1)

gogboooogoobooooooa.

gboboobooobooboo4s0b0o0oooon.

goboobdobooobooboboboobob.boboooo,bobooboobobag
goooo.og,0oobobooo,boboobooboboboboooobbob.obo,n
goodbobobooob,booobob 400 PDOODbOLOD,D00D00DOOODO.DODO
000000,0000000000000000000000000000%. 0000000
goboo.gobo,0bogooboobooboobobooboo.boo,goboob,oooooon
gobogoooooobooobo.

252000
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LPF

R

PZT <

045 DOO0OOODODOOOO

00000000 LPF(Low Pass Filter) 10000000000 O0.0000000 10HzO
go.gooo,bdgob11bodbdoboooooooooobooboobooobon
gooogo.

ooooboobooogo,oboobosgbuoboopzZroobogbo.0bogoog 4.2
gooooooob. pZTOO0000DODODODLDOODOOODODODOODDbDUODODO.O
gboobobobobooooboboooboooooLpZTO000bO0obD0oooobOobOOn
ooooobouooobo.bo pZT0DO 10VODOD0OOOOoOD e emO0bobooog
0.00000rd0000D0O0OODOOOOOO.

400 PDODO EG&GO UV-140-BQ-40000.000000 02A/W, 0000 10000
2mmUO00000000O0. 0000000 boOoo0o be,b.7O0O000ODODODOODO.

4.3.2 0O0O0OOOO

gbboobooooooboooobo,oopboobooob.
0000000000000 00000D0D0O00000 ClearceramO00, 000000000
goog.

gobogooog

000000 46000000000.00,00000,0000000,Thermo-module O
goooobooobboboboobooon.

e JDIODO

000000000000000000.00000 1kQ,000000 3850 ppm/degd 0.
00d0oo0O,0Db4000000000DO0O0OSMAODODODOO.OOOOOODODOOOOOSVO
0000000000 2ppm/deg,10kQO0 000 5ppm/deg0000000000O0O.

000,000000000000000000000, 4000 DMM(Digital Multi-Meter)
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GPIB

DMM

' ™ 4 DAC

Current
driver

GPIB

046 DOO0OOOODOOOO

goooooog.
DMMUOODUOOUODODOO GPIBODOUOD PCODODO,0D0DODODO.

e 0 OODOO

PCOO0OO PID(Proportional Integral Differential) 000000000000 ,GPIBOOO
0O DAC(Digital-Analog converter) 000000 . HPOOODOODOOOOO VEEOOOODOOO
goo.

e Thermo-module 00 O

PCOODOOOOO DACODOODOOODOOODO,00D000D0O0O0O0O0O0O0. 00000
O0DsS000000000. TM(Thermo-module, 000000 )000041A0000000O
O. T™MOOODOOOO, TMOOOOOOOO0OO0OO,00000,000000. TMOODOOO
Oo0o0ooooooo, 0000000 100o00oooooon.

goboobooooooo

gboooboo,oobpogobobbobobbonoboo4y0b0o0oboOooO.
000030000 AI0DDODOO00OO0ODODO.0000 AlDDODDODOOO0ODOO0O0O0ODOO
0000DoO0O000.300AIDCO00ODOO TMOOO000ODOO.O0O0,0000000 AlC
goboobo,booboboobbooboboobb. bbb, 0boo0obbooboooboboOon
gob.0boooboooo,bboobbobbooboboooogg.
000,000000000000 AlDO0ODO, 00000000 TMOO000O0DOOO0OODO.
00,000 AI00D00D000O0TMO00DOO0O0OODO.
00000000000 0DOO0, 000000000 AlD00OD0OO00ODOO0.00D0O0000O0
0,00000,00Al0,00000000000.

4.3.3 0000

gobogooboobooos3goooooo.

e JOODODOODDODDO
e HIS0DOUIDODLDODODOO

e JOODODODO
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110D50H50

Clearceram

1375

W132D70H7

W7.98D7.98H1.77 W140D90H7

(

W12.1D11.2H2.28

95.05

W150D110H27

Al
W10D10H5 Insulator

SU 260D170H15

70D70H5

047 ODO00OO0OOODOODOODOOO

goboboobooobooooob,oboooobobobboooobooooooboobob
goooooboooo.bo,00b0ooooboobooooboboo.boboboo,obooon
googbooobooboobooboobooooobgo. oo, 0b0ooobooooboon
gobooobooboboo,0obooooooon.

fooooooooooooooob,bbooobooobobooooDooooD.

goboooob.iboooboobooooboboobooboooobooobobooob.oboo
gobooobboobooboobobobobo,0b0bb0obOo0o0obObOobobobo.

oo, 00booboobooobooboobooo,gbooboooboobobooboon.o
gobooboobooobooobooobo,0ooooooboooooon.

ooooooooboooobooU THKDOODQOOOOO. 000000 DODODOOODODDOD.

e JODODOOODOODODO £20

goooboo 300

OO0 0.00bmm

- 0000 310mmx310mm O000,00000 16urad(30).

gbooooooboooo

goooooooogn

gooboooobo

e OODO

- boobooboobooooobooboo,0coboobooboobobobooboobo
g.coooooobooooobog.
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gbooobooooboobi0b,b00bbb040b0bb0obob.0booboobobbn
goboo,jgogobobooboo,obbooboo11oobbon.
4.34 0000

goooooogbboobooo,obooboboobooboobb.0coboboooo
oobob,0jooobooooouoobooob.oobbogPaboboog.
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50

Joooobooobood

gooobo,0ooboboooobobogo,ooobobobboboboobo.obobg
gobooobogoboobbooobo.

e JOODODOO

- gbooboobooooooo
- gboooobogod

e JOODODOOODOO

- goog
- goog
- goog

e JOODODOODOO
gobobodobdogoogooboooobooboobboobbobbobo.oob,

e JOODDODDOODDOO

e JOODODOODDODDO

e JOODO

gogo.

5.1 OOO0Oooobo O boOod

Pound-Drever 00000000000 OODOOODOOOOOOODODOO.

goooobooboobobobbobobbob,0boobbobboo.ooboobbooba
oo, 00.eoMUUb0g0ogoooogoouoogooboooobobooooog.

000000 ,model 1204mW MISEROOODO. O0ODO0O00O0ODOOO0OODOOOOODOO
0. 0000000000000000 0.99999000,00000 Clearceram Z0000. O
gobooob,boobboo,gooboobb4210000000000.
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5.1.1 0O 0O 000000

OBl1OOO0OODOOODOOOODOOOOOOOOOOOO.

Photo detector 000, 00000000 S1223-010000.00000 0.3A/W @1064nm,
00000000 3.6mmx3.6mm, 000000 f.=20MHz2000.000000000000
O,000000000000000000000 DAOOODO.

00o00o0o0oo00ooooo b20000.00000000 1SMHzO0O0ODOOOOODOO
00,000 EOMOUOOOO0.000,0000000000000,DBMOOOOCOCOO (LO)
Oo00o000.0000000000oo0oooooooooo.0o00ooooooooo
oooooooooo, DBMO RFOOOOOOOO.

000000 Db30000000000000000, 00000 PZTODOODOOOOOONO
O0,00000000000000000000000CO00. 000000000000 PZT
Oo0o0o0oooo00.0Do0000ooo0ooooooo,000o0oooooooooooan
ooo.

oo0ooooooooooooo,0000ooooooooon.

5.1.2 JO00O00OOOO
U 0 oboopbobooobood

goooo pzZTobobobobooobboooobooboboobo,oboboooboboo
gobobogobooooobooooboboobob.boob s1bOobbUUO. IBMHzOODO
0000000000 carrier 00000000 200 sidebandD0000000O0OOODOO
gob.bogoobooboboobooobd w0 0booobb0obDbOo0obObOOon
0000000000, sidebandO carrier 00000000000 O00ODOOO,0000000
gooobobboob. g, oooobobboobooopZro0obon Ve OODO
00o0o00ooo000. 000000000, 000000(A12)00D00000O0DO.

gbooboobooboogosipogboooon.

O 5.1
Av/Vpzr 4.16 MHz/V

m 0.47 rad
F 47600
IETE 0.999934

gobogooog

00000000,00000PZTOO000000 Vez,xOOOOOO Vg OOOOOOODO
gooogoooobboboboobbo.ogobs20000000.
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0 1000 2000 3000 4000 5000
frequency [Hz]

051 DO0O0O00O0O0OOO0O0.ObO carrier00ogoooooooononO.
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099 0
S © 00, Q0 -G-GFG-O.Q_QNM
SN
01g S
=R B‘k%\
[
=) 7 X
AN
b‘a
4 Q<\OO
7 89 3 2 3 4 5 6 7 89 4 2 3 4 5 6 7 8
10 10
frequency [Hz]
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—
20 o<
— o Q.
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S a0 ~.
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S -60
a S8,
S~~~ O
O~
-80 54
O

7893 2 34567894 2 3 4 5 6 78

10
frequency [Hz]

052 pPZTO00000O0DODOOODODDODO.ODOD1IO0DDUOODUODDODODUODDO
gobooobooboo.

goboboobob1i1ooboboboooooobobobob,oboobob1oooooboobg
0000000000000 0O0.0000520000.00000000000D0000 20kHZ
gobo,0o00bbobbgs4o00b00dbo0.goobooboobboboboboboobon
goog.

gogod

000000000000000000000000000,0.25%0000.0(A.12)000
0000000000000 000000000000000.tptg=3.3x10°000.000
00000,000,000000000000,0000 1O,

L = 1-t*—7* (5.1)
= 1-33x107%—-0.999934 (5.2)
= 63 ppm (5.3)

googooo.

5.2 DUO0OUOOOOOOOOO

gbobodoboooooooboo,boooboobbobbooon.
gooboo,0oboooooobobobobobobobooboboobobobobobobg
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gooboobooboooob.0coo,ooboobbobbooboobo.0bbo,bo0obon
gog,b0bgpooooboobbobbooboobobobo.

gboobooboooooo20b0b0oooboo.

googooooooogon

goooobooboo,0obooboboob,0bo0boobobo0boooooobooba
gobodboo.ooobooboboboobooobbobobooboobo.

googooognd
3310000000000,00000000000000,100ad0000000000O0
gobooboboobooon.

oo,b0o00oo0bgob 1ocooboobobuoooboOo, WHzUDODDODODO
oobobob.0oobo, 00 iz0boooboobobooboboobobooboog.

5.2.1 000000

gobo,0bogobboobbo2bb0odb,oobooboboooboo.boobobn
gobogbos3b00boooooo.

QPD o
Y stage Spectrum
BS Analyzer
[ 1 i
(AN
4mW Nd-YAG Digital
laser Scope

]
% (€] X stage

liquid (+ mirror)

053 000DDOOO0ODOOOOobOOg

000000000000 BSOOOOO,00(D0L00O0OOUOOO)00OODOD.OO0
00000,QPD(Quadruple Photo Detector4 00 PD)ODO0OO0OO. QPDOOODODO 400
oooooo, 00000000000 ooooo,0ooooooooon.

000d0oooOo0ooo,.000ooboo0oooo. QpbooOoo o, 0o0boooOoooon
oooo.00,000fdoobobooooooo, oo odooooooooooooooa.
00000oO0o00ooooOo,QpbO00O00O0O0OO0O0DOOOOO0OoDOOOO0. ooOo QPDO
ogooo,0ogoooooooa.

QPDOO0OODDDOOU0O0OO0OO0OOOOODDOOOODOOO0OO0OOOoDOoDOooOoOO.OoO0oooO
0odoooooooo,0ooddooooooooooooo.oooobobooooooooa
ooooooooooo,ooooooooooooooa.
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QpDUODO0ODUOLDOObDDObOUODbLO PODODLODLOODUODODUOODDLUOLODLDODO,D
googoog.

oooo,0o0dbo04amWO MISERODOO.QPDOODOO, 00000000 5434900
00.00QPDODODO0O0N0OSmmO0000O,00000,1064nm 000000 0.025A/W
goo.

5.2.2 0JUO0OOODOOO

QpDOU0ODO0OCODODUODOOOOOOUODODOUDLO,D0DbUDLDDODOUDODLD.DOD,ODO
gobodobo,0bo0obbooboobbuooboobobooon.

goboooogoog

00,000000000000000O00O0D00D0O0. 0000b00bOO0oOoobOOo.gog
00000000000 00bO. 0000 54,0550000000.

O000000000,0000000 FOG(Fiber Optical Gyroscope) D00 O0OD0O0OOO
0000doOOo.00boodooooooo,FoGOODODODOODODOOD. 000,00
roGoOO0O0O0000O00000ODOODOO00OO0DOODOO,00 FroGOOOOOODOODOODOd
ooooooooooog.
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10" Hg

. Hg with magnet damping
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055 ODO0O0ODOOODOOODOOODLOOOO

gbboobooooooboobobobob,bbooooooo.
goooooooboobooob,0oobooboobbobboboboobooboo.bg

googoobooobboooboboooboo.

e JOUO0ODODOOUOODDOOODLDDDOOO,bDO0O0DLDOOODLDDO,0DDbOOOOD
googoob. oo, gjgbbooobuooboooooon.

e JO00D0DOODOUOODOOO,DbDOUODLDDOODLDOD.DDO,DO0O0DLO.DO

goog,boob,bo,0boobobobboooo.
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goo,00000ooboobobooboobobonbbon.
0 0000000000000 000000D0000000 (magnet damping).

U dgooooboobo,bobboobo.ooobo,boobbobbobboobon
googoog.

U dgbobo,googbobooooobob,booobbobobobobobobooon
gogobooooog.

Magnet damping 0000000000 540000.000000000010,00000
gooboboboobobo.obo,0cboo roGOODUODOD.

goog,0o2xem00000000O0OO0DOO0OOO0OOO,0DDO000O0O00OO0OO0.

gbogos3boono,obboboboobbobbon.
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goboooboobobooboon

0000000000000 0000000000DO00.000000 ¢60mm,0000 ¢27mm
000.000000 AlOD000ODOO.

gobogdbosebbbbbb0.0O0b00o0bboOo,boo0boobbobobbobba
gooboob.0g20000,100000 smm, 00000 11mm 000000000000
0000000!'.0000000,000 HzO0OOOOODOOOOODODOOOOOOO.

v T
% FOG
10° >
. float mrror on oil hil
< r R
T d |
= ..,.... S +
N - < S
E 6 [ ~
© 10 A
© Vi :
— 1 A 7y
~ \ vI - \‘Ir‘ .
c A )
) M|
+—
< -7
2 10
o
=)
™=
-
] i
=)
2 10t d
[
< :
float mrror
i oy
-9
10 ﬁ [VI [
: ‘I 1 IH‘
" 2 3 4 567 0 2 3 4567 1 2 3 4567 )
10 10 10 10

Frequency (Hz)

056 OJ00OO0OOOODODODDOODOOODOODOO

gooooobooboobboob.0boo,oobdobooobooboobbooba
goboboooooooooobobobobo.bboo,0oobboobobooobooob,on
goooodoobo,oboooobobobobobobboobob.bob,0o0boboooo
goobobobobobobo,AcOgbobobbobboobouoooooo.
O05smmO0000000O00O00OOO,000 RMSOOO,

drMs =2 x 107° rad (5.4)

goog.

goo,0ogoboobdobobooobuooboobboobo,bboboobbooba
goboobogoboob,oobobbooobooooboo.

'DooO0ooDO0O00o0Oo0
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TITI Lo
float nirror on oil hS syst em noi se
6 |
10 W !
e f
Taf |
o LN |
N Nl |
o R LT
S 10 ok \
E S y =
.5 AN 4 N !I I / '
3 ; N
=} -8 N
5 10 : \
> 7
Y TR PUA)
2 -9 / i
< 10
C"heamjitter
lectric noise
10-10 i
" 2 3 4567 0 2 3 4567 1 2 34567”—"2
107 10 10 10
Frequency (Hz)
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00005700 00000.000 systemnoised, 000000000 OOOODOOOOO
0o00o0oooD.00d0  smmOd00O00000,0 HzOOODOOOOODO ,system noise 00 00O
ooo.

OO0 systemnoised, 00000000 ODOOOOOOODOO.

100Hz 0000000000000 0000000oooooooono.

0000000 beam jitter 00D D0 OO0O00O0DO,system noise 10000 OO0O00OO.OO3
O.beam jitter 00000000000 DO0ODOOO,00000000000D0000DO0O0O
00O00o0bDO0OD.000systemnoised, 0000000, 00000000000000000
00o0ooo.000,000000000000,00000000000000000, beam
jister DO DO DOO0DODOODODOODOOOOO,DOO00O.

5.2.3 UU00OO0OOOOOOO

gogo,gbbooboooooobobooo.oobobb,oopooboboooooboobg
goboobogobo.0ooo, b0 emm,lmm 0 2000000000000000.

gbobooboboooobobo QpbObOUOO0bObUObD,DO0DUODOD.DODODO
gobooboobbooob,ogbobooobboooboo.bo,0o0obbooobobOon
googoo. oo, boobbooboobobooboboobboboboobooboa.

400x10°®

EETTERY P

300

200

EAEEEE

100

Angular fluctuation [rad]

-100

-200

-300

0 2 4 6 8 10
time [sec]

058 OJO00OO0OOO0OO0ODOODOO

gboobgssjogooguo.bboboobo,0ooobooo,ooobooboobo,0ooooba
gooobobooooboo.obbooooobuoooobbbooboboooobbogoo
U.0o0obgbobooogogoboobob Hzbobbooooooobobobo.obobo
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O B.1 Pound-Drever O

Oooooooooooo,0o00o0Qe.000
Ei(t) = Bttt (B.1)
ooo.0oo0oooodm, 000000w,0000000000,0000000000040.
Ey(t) = Eye!(tottmcosum) (B.2)
ooooooboooboooooooboooon.

Ei(t)=E; Y i"Jy(m)e/(Fotremt (B.3)
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O000,00000000,00009Q,0000 (carrier)00000000w, 000 nO0ODO0O
OO0 00000 (sideband)0O00O0O.
0000000 mk 10000 sideband 0 20000000000000000.

Ei(t) = Eie® 0 Jo(m) + iy (m)e™=! 4 iy (m)e“mt} (B.4)
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T_a(m) = (=1)" T (m) (B.5)
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By = Ee'rodo(m) + rdy(m)e =t 4 r_yiJy (m)e” @ty (B.6)
gobo.booboobbooboob,0obbobbooboooboobDoobooon.

Ey = "0 By + Ereml 4 E_jemwmty (B.7)

En = E i*Jur, (B.8)

FP cavity 000 0O0OO0O photo detector(PD) 000000, 000000 Ipp000O00O0O
oooooo,

Irp = nEE; (B.9
= {(|Eo* + |E:* + |E-1]?)
+(EoE; + E_1 E})e™mt 4 (c.c.)
+(E_ E)e™ ol 4 (c.e.)}

= Ippo + Ipp1 + IpPD2

O000gmA/W]OOODODODODODO0DO00000o0o0ooooo. 0oo,pPDO000OOOODOOOO
goo,0bo00boobbooboobboobobo.
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VI = gdetnIpD1 cOS Wt (B.14)
= gaenRe(E_ E5 + EoET) (B.15)
= gaeehRe{Eo(E1 + F_1)"} (B.16)

O000.00,00000000000000000000000 (quadrature-phase),

VQ = gdetnIPDl sin Wmt (Bl?)
= gaeenIm(E_1E§ + Eo E7) (B.18)
= gaeenIm{Eo(Fr — F_1)"} (B.19)

goo.



51

0000 FPceavityDODDODOOO PDOOOOOOOOODO V,VoO,0(B8)0DOD0OODO
gogoooboooooon.

Vi = gaeanRe{EiJoro(EiiJiry + B~ _yr_1)"} (B.20)
= gdemRe{|Ei|2iJ0J17‘o(7‘1 +r_1)"} (B.21)
Vo = gaenIm{EJoro(EiiJiry — it J_yr 1)} (B.22)
= gaeenIm{|Ei|*iJoJyro(ry — r_1)"} (B.23)

00000 carrierd FPcavity OO O OO DOOOO0ODO.O00 carrierd cavity OO OOOO
0o0000d¢0d 2720000000000 0OO0O.O000O0O0DOOO0O,

21
(I)o = Qo— = 27rm, (B.24)
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= m— B.25
g mQZ ( )

oooo.
00 00O ,carrier,sideband O FP cavity D000 000 ro, 711 0,0(A7T)0000,

12 TE
Treso0 =70 = 7To(® =21m) = —rp + ——— (B.26)
1 —rprg

t2 TEe—iwmQI/c

Tresol =T1 = T(® =2mm+ wy2l/c) = —rp + N —FrFrEe—WmQI/C (B.27)
2 TEeiwmQI/c

Tresom1 =T-1 = 7(® =2mm — wy2l/c) = —rp + N Fr Y (B.28)
= (B.29)
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00o0o0o0oo00,000000000O00O0oO00bOoOOoOOooOO,0(B2y)o000

Vi 20V
0 = < ow (B.30)

= ?gdetnReHEi|27’J0J1{T{“e500(r1“6501 + TTeSO—l) + TTGSOO(T{“esol + T{“eso—l) }] (B31)
vy 20V

a0~ < 00 (B.32)

21 .
= ?gdetnImHEi|27’J0J1{T{“e500(r1“6501 - TTeSO—l)* + TTGSOO(T{“esol - T{“eso—l)*}] (B33)
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gogobooboo.bg,boooobobobobobooobog.
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gobodobbo,0obboobboboboobbobbon.

A% 4]
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oV 4]
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(B.36)

(B.37)

(B.38)
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Hermite-Gaussian mode

00o0o0o0o0ooUoooooOo0o0o0ooUoo0.00oo U(te,y,z) DOOOOOOOOOO
0.k000000.

VU + kKU =0 (C.1)
00 00000000,000
Ult,z,y,z) = emotqﬁ(ac,y,z)e_ikz (C.2)

000.000,00000,00000000000000000000, d*/0-2000000
0000000000 ¢(z,y,2)00000000O0OOOOOOOODO.

0? 0? 7]
{(8w2+8y2) ! 8z}¢ ()
oo0ooooooooooo,0ooooooon.

U (t,2,y,2) = 00, (2,y,2) = 0z, y, 2)eF (C.4)
Up(@,9,2) = Up(x,2)Up(y, z)ed TR EEmDn) (C.5)

e = () () " (3 o [ (65) e
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ooo,
w(z) = wo/1+4(z/2)? ---0000 (C.7)
2, .2
R(z) = 2% ..gpooooo (C.8)
z
kw?
o = {?-~DDDDDD (C.9)
n(z) = tan™! = -+ Gouy phase (C.10)
20
2
ap = —— -..00000000 (C.11)
kwo
wo -~ 0000000000 (C.12)
H; --- HermiteO OO (C.13)
gooo.

000000000 DOOD000OOOd Hermite-Gaussian mode 00 0OO0. OO =m =00
0000 TEMeOD OO ,000000000000.00,00000000000000000.

oo.z0000000000000D0O0 §,,,, 000000000000 V0,,.0000,0
ooooooooooooooooog.

U (z,y,2) = Upp(2,y,—2) (C.14)
= U;;TL—>($7y7Z) (C'15)
Fabry-Perot 0000000 OO0 Hermite-Gaussian mode 00 00,000000000

000000do0ooooOooobOOo0.0c0,00000000 ROODODOODO!IDODDOODOO
ooob Al00O0OO0 FPOODODOOODODODODODDDOL,

(R—1) (C.16)

Wo =

A
T
goooo.

gooogoobbooooon

O000000000erad] 0000, 00000000000000 2000 ¢m]000CO
gobogoo.ogbooboobobboboooooboobo.bbobboboobon
gobooooogobooobobobon.

1/ « 2 1 a 2 « a
Upopo =<1 —=| — | — = — vl —i—4+ — U C.17
00 { 5 (Oéo) 2 (wo) } 00— (lao + wo) 10— ( )

000,000000000000 x0,00000000000000D00O00O0O X000
uno.
gboboobooobooog

1/a\? 1/a)\? « a
U oo =1 ! 22 L r AR N i C.18
m,00 m,mdo{ 5 (Oéo) 5 (wo) } 00— T Tm,md1 ( ” wo) to— ( )
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0000.0000000-00000000000,00000 carrier O sideband 00000
gooooobooboooo.

T'm mdn = Tc(q)m,mdn) (Clg)

(C.20)

=~

21
q)m,mdn = (QO + mwm)— + 2n COS_1 1-—
C

m=0,£2100000 carrier,sideband 000. n 000000000 O0OO,,, =00 0000
On,=101000000000.
O0ooO0oooo0ooooooooo,o(Baes),(B1y)yoooo,

VI = gdetn Re{|Ei|2iJ0J1 [70,mdo(71,mdo + T—1,mdo)”
a\? a2
+ { (—) + (—) } {70md1 ("1 md1 + "—1,md1)™ — 70,mdo(71.mdo + —1,mdo)" }]}
wo Qg
(C.21)
Vo = gaeen Im{|Ei[*iJoJ1 [romdo(T1,mdo — T—1,mdo)”
+ — | +|— {70md1 ("1 md1 — 7=1md1)™ — 0,mdo(71.mdo — "—1,mdo)” }]}
“o Qg
(C.22)

O000.000000 misalignmentO 0O(e=a=0)000,00000(B.21),(B.23)000
O00.000 misalignment 0000000000000 O0O.

e 100000000000 D0O0OO . (rymmar00)

e JO0ODDODDOODL.ODOODLDDODDODDUOOODOODOODOOO.

C.1.2 O0OOODOOO

goooooboboboobo,oboooooboo.obobboboboobobo,obg
gooboobooooooooobuooobo.boo,0oboooobobooboooobon
goboo.0booboobbooboboob,ooboobobooon.

gbooboooogoog

I =pS(l/2)%? (C.23)

gobg,0bog0boooboobboobon

dl df
T " &S (C.24)
12
- Z—Ed(w2) (C.25)
ol (dw

goo.



56 OO cCOOpoopogon

0 cCl 0bobobobobo

C.1.3 ODOOoOOo OO

goooobooboobboobboooobobooboob.obbob,0bbooba
goobooooobooobbdvboboo,00oo0boobobooooooobooon.

g o v—v-e/c) (C.27)

N
e0000000000000000000.
D0000000000000000000000000

dv v-e/c
L f%ﬁ (C.28)

goo.

C2 (JUU00o0ooooooouobb bboobbog

C.2.1 0OO0OOOO

goobooobobobobooob,bobobooo,bobobbobobo.oooobobg
goobooood.

C.22 0O0OOO

0000000000000, photodetector 00D 0000000000 DOOOOODODODOO
O0000000.0000000 (shot noise) 00O .
Photo detector 000 0O U0 ipc(A]0 000000, 000000000

ishot = V/2€ipc [A/VHZ] (C.29)
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000000000000.000 000000007,
00000000000000000000000000000.
00,00000000000000, photo detector 00000000000000000

oo.
00000000000000,0000000000(B.8)0,0(B.26),(B.27),(B.28) 0000

En = Eiianrreson (CBO)
oo0oo.0o0o0oooo DCDDD,D(B.lO)DD

iDC = 77|Ei|2(J02|Tre500|2 + J_21|7‘reso—1|2 + J12|Tresol|2) (C31)
= 77|Ei|2(J02|Tre500|2 + 2Jl2|7‘resol|2) (C32)

goo.

gooooobo,bo0oboobbbobooboobboobooboboo.oobbboba
0000000 frontmirror 000000 0000C.00000,000000 10000000
O0,000000000100%00000. 000000000000 M(OLSM<1)0000O
g, 0gooboooboobog,

iDC = 77|E1|2{(1 - M) + ]\4(J()2|7‘re500|2 + 2J12|Tresol|2)} (C33)

gogoboooog.
gogbooboobooobooboo

lshot = 1V 2€iDC (C.34)
= \/2677|E1|2{(1 —M)‘|‘M(J02|Tresoo|2+2J12|Tresol|2)} (C35)

goo.

Pound-Drever O 0000 Q0O0OOOOO

00 ,Pound-Drever 00 0000000000000 0CO0O0,.000000000000000
Dooooooooo.
ooooo,0000,

gdeisho
Ushot = \t/i ‘ (C36)
DDDDDDDDDDD.DDD,DDDDDD/ﬁDDDDDDDD,DDDDDDDDDDDD
I I I A T I R
go0oooooooooooooooooooooooooooooooon.

le =1.602 x 1077 [C]



58 OO cCcOOpogopogon

000,0(B37),(B33)0 00000000000 OOOO, 000000000

6Qshot1 =

6QshotQ =

Ushot
oV
I
Jdet tshot /\/§
v
EI9H)

gdet\/en|Ei|2{(1 - M) + ]\4(J()2|7‘1“e500|2 + 2J12|Tresol|2)}

41/0 : gdethEiPJOJl{|T{~esoo|Re(rresol) + TresoOIm(Téesol)}]
\/677{(1 — M)+ ]M(Joz|7‘resoo|2 + 2J12|Tresol|2)}
41/0 . 77[|Ei|JOJ1{|T1/~6500|RQ(Tresol) + TresoOIm(T{«esol)}]
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