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B, EESKHOBICBWT, BEEBEE, X# CT (X-ray computed tomography), MRI
(Magnetic resonance imaging) & \» > 722 R} 2 BLEALd 5 &ﬁfﬁfﬁi‘%ﬁm bxhTwa. 77,
ATH - SERIMEBO % FHREEAR L L7236 CT (Optical computed tomography) 7332 /g 5
SNiEH %%&bfhé [12]. BAICHFIEREIN TV EHCTDE OFER, Z@EZFHEL
TWwa., —5T, EREGOE S BEmmBEOHE TR+ L& ATHELEI /R LNL DT,
TS 5 OB FEELEE R L CR S HHOBE 2 FHRBICBREILT 26 TH N ES T
7 4 — (Optical coherence tomography) PSRE SN, EFLEN LS & LTW5[3,4]. Huang
Six, K7 7 A N —BIOF#Er % Vv CRBHLEAIE A O DR FEELEIC L 5 TH#ES T Hll
EL, HGOESHAOKENEELREMLL TVAHB]. TOXTHENEST 71 —1HK
T — LY AFHEORBICEIVWTWS Ko — L Y ATHBRIIRBEL T NA RIBT
BREEONER <A 70X~ M VEREOHERATRET 5720 RSEIe—L
> A1) 7L % kA 1) — (Optical coherence-domain reflectometry )[5-711Z € DFEIRIT M 4 .
0%, Eae—L YAy 7L b X MY —id, RERAOIKEHAR-11], 4RO
BB IN[12-16], BEOXTFHEFES T 714 —IlE->Tw5h. T/, T KK
B3R L72F v+ v R A% b Jl(channeled spectrum)[17-19]1Z FIH L72 A2 bV
FiEIcEkD X(20-27), REAMOEEETHTIC, FRERCKE: CHELEEORS
FEOEE % BE L 72 R A HE ST 5[28-34].

FHAE G 5 O RKEHEB & OB AHELEE, KHTE S & CRTHELYE O RAT 2 HFHR2ZT
THL, RERAPEZCET2o0ERbFE EELONSL. L, XTHEIEST
T 4 —TIREEEEE LT VIERIVERONIE L v T 5 700, IRHEO 5 FRIEE
22 EHTER, Minami 513, [EHRAGRKEELHVSEZ LItk Y, FHIROZHE
HEBHI LD TELZLIZERL, FHIMSORAT SR & 5 HERE FRFICRET 5 Z
LT ELTFWHINES T T 4 — (Coherence spectrotomography) % #£5€ L T\ 5 [35-37].
EBIZL VRSN TBESFTOE — 7 LEY L LORFEOME ZRET 5 &L I,
FHES % 7— ) TEHT 52 LIS L ) BRHED S DREED AR P Vi fs, SREE
HOFEEOME & AoRFREHE L TWA[35-37]. 612, HEFTONRDOWILEFESR
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HTORFREZBELZZEETHILIZLD, FEHEFLEINEST 71 —ICEDI{EF0H
EzRWT, BEBIREEOBITRLEBNEZR L7245 EBF L EE L Tv5[38,39].
COTEGHNES T 74 —OFEBEELFIAT L, EERREE I COWERERD 3 kTTHE
e R AERE SFHIT 5 LR TH S, £0720121%, BEFEL, EWA
R7 PVEBEROXBEZAVECETHERLE2HO VAT AL EL % 5. SOR
(Synchrotoron orbital radiation) £ %>, BHEIE/ SV A2 L o TERE NS EHFEA R P VEE
J&7 %)V A (white-light continuum)id, EFEROWE % FhfE 2 725 Lmlél'éi‘(:?)ﬁi’éa%%.

ERANRT FVEHE VR, SEEBE IV APEEHEE P RERT A L1
IN/OND, BAEEDP OERNERE TARS PUDBEF 02V ATHY,
supercontinuum & 3 IEIEN TV 5 [40]. EFEANRZ MVEBE/ SV ZIX, 19704E481C Alfano
5HFESE TR, %< OEK41-4310BA[41-45], RAEMB64TIIEBVWTEDRAE
BHEPD LI, BEREANXY PVEBR/ SV R, XARZ FVEBRLEL, EESEWE
Vo 2R R FE D, WMEET IR AW ENIIC B A LW E L GREFER SR TW5. £
DEEBEOFHICIZ, HOMMER[42,48,49], 4 HFEIRAE[41,50-531% EHXHITo N
TWwAY, MEF THSICEBEHINTW R, /2, EREAXRY MVEBRXSVASE
DB, BCERDGALN, ZEZABEOREEZEILEL DT I 4V M PERENS
[54-56]. ASHE — L DBENERENGE, C— 23 Htkt2ECEE LEASNNZET
AT — 2T 5([57,58]. COHCERIZES 74720 FOFREBRE, FHE, 2=
BIIES BV ISR TH 5. 72, BEHEANY FVEBERSVADOZER I —1L X
BT 2RI FORFENEE L BB THLELTEETHS. 1207147 A FAIZAS
BhE L —H —H/ VA LR LB —VAMPRFEEINLD, BEho/z74 522 MR
FZER I - L Y ADPHEERET, TOBRERANRTZ FVEBE OV AIIZEEBICI L —
LY FCidw e DBEND 5[59-61). —FT, FmH AL B#EHEAY FVEHEBR IV
ARBNEH I -V RAEZETHLDOHED H5H[62-64]. EftA 7 PVHEL VX
DFEEBEOMBAL L D ICZ2ORENBEOMRIIL, ERANREHDZOICRARTH A
LEZOLNS,

EREANT MVEERSVAERNT, SRENELE O 3 KTCZEMIEH L SRR &
FIBFICIR A PEEZHLTAZENTESH L, RBK, FECELEDORHHZIILDETEE
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BB R R EOEESTFICHA SN L WREEFD 2.

AWFFE o B i, BEEWERE 0 3 KT EEFR L 5 0ER L & M 3 2 82T
HYVAF L, ThEDLTFESHRIET T T4 — VAT LT 5080, B L UEFLER
WEHETT A ODERMANRZERTLZ L TH L. T, ERANRS MraELEIVA
REAVIEI L — LV ATHEICLY , AIROBEN 2K 2V AT AERTEL I LZR
T.REL-TEEZHCT, THBEFTEHE, 20THET» oBRERORT S ERE T
HBERERRFICHE TER L 2RT.RIL, A 270 Ly AT VA 2V EIT LA

Lo AT LT, AT LA FatCIOEBIEHIA TR L 4 5 2 & 2 BEY A7 4
FHCTRIET 3. 8510, THES 2 A HET LAV TR I SRR 1 HHE T 5
Itk N BEEEEIEED 2 ONRE DA MT RSN N TS T T 4 —DEHEER
K55, RIEY A7 A2 T, REORAT 2 EH L 5 HEEE RS E SRR T
B TE22LE2RT.$72, 4270V A7 VA ZHOTH LVERANY MVEET
BT LA ZREIETLIENTELILERL, COABKET LA BV ERI—L ¥
A BTHIELEHLPICIT S,

DTICAREOER E AR ZRT.

1 =TI, BEXRSVALERANRY b Jvél'éﬁ'ézf)vjc:ouxfirﬁ&é. Y, BEX
2OV BAREBEN VA X BIEREREHRICOVTHEL L, B A7 PVHEEY
NVADFEFEE ZORFEBBIIOVWTERS.

go2EwETIE, Ko -V Yy ARELHVAETFHBECOVWTRRS. 7, Kae—-LV XA
FHEOBEIE L BRI O W Tl 5. KIS, FHIE RO 3 RITEMIER & 5 LIFRE FEFC
522 HNE LATESRNES I 74 —OFERL, v~ vy YETEIZ AV
72V AT LB EBITTHHAT 5.

EI3ETIE, ERBHRE S RBEREFRBICHE T2 22BN E LT, BEREERA NS
FVEBLEEBOZTEIRNES T T 4 —RERTHEL, HERIREE O RAT X FH
LA FeiER T FEE IS 5 2 EROKERZ R,
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BABBTE, Y4270 Y A7 LA VA L ) BFIFHAA TR 74— )L
TUVATERE2REL, HMEVAT 22V TYRKREORREHIER 2 RT.

ESETEH, BVWEFTHMELE b 0BL 2 2000 HBTESI LN ES T 7 4 —DFH
YRETLH. EEFRGBETEIHRINES T 7 4 — L AR MV TFHRICES  GRET
BGHINET T 74 —DFREEEBN, EROBBTEE LB LT, BWETHHSH LR
DI LAY FCRIRBEEOWE LT, BT EBHRE SAERLARICHLTEL 2 L
*ERICEYRT.

BOETIE, XA 7BV Y AT VA 2RV ERANRZ PVEBRET VA DRERE%
RETL.ERARY PVABKET VA 2 BESEL2EREREZRL, ZOXFENEED
WERBREZRT. KIS, ERANRZ FVHEBRET LA 3@V ERIe -V AE2FT5 2
ERRY. BRI, BERANSY PVABRET LA OBVWER I - L Y RGBMEETM
HAREHRTIRFIFETEL VI L 2 RETEICL VB LT 5.

HBTETIE, BFIHT A — ¥y 7 VAT L2 REL, TOBREMNY — Y DOER, R
NG BEN VAL BBERDT 4 5 A 2 MBI, FERERFERNRIC L LR
MLEBETANF—DEFLEZLNTVIH, ERARY MVEHBE OV ADFA L [
IREZ B Z L%\, TS DIERIBIRDOBRER NS — v DERK, BROBITIZIIEHERE
IZX DEAEMENTE LD ICHEROLIERE Y I 2L - — 2B TH L EEIONS . K
THWIERE 74 — PN 7 VAT AL LT, BERMICIIBHEERG 2 AV7-FEHEEL
TA—=F Ny 7 VAT LZEEL, 2 RTHER/SY - DER, BRZHANS.

BB, KROBRRZHREL, SBROMAERELZ RS,



E1E BEXRSVALERANRZ MVEEBE SV ADREE

FI1E BEX/NIVAL
| EfE AT MVABXE/NINIDRE

1.1 #S

1965 4EICEfR L —F — 12 BWTE— FRASER S TR, BEL/ SIVAORZREIEZE
HICERL, B TR 4.5 fs DIFEIED OV ADELRT VWS, ZOBER/ IV X &
LIFBHFEENO VL D& LTARY MVATHIRERIZIEA 5 E AT P VvEBY
VADEREN, FOFREFE, BEBEICOVWTHET THESRITLOL TV ..

§ 12 TIIBER VAT OWTHES L, § 1.3 TIHBER VR X B IEREIRFRR
IZOoWTEE32T L D5, §14TIERARY PIVHABK VA L EDORETTEIZDOWT

.

1.2 FBREX/NIVR

BRL —F— BT 2 BEN OV ADFEFAMIE, 1987 FICE— FRFS H 774
FL—F—pHELTCURERIIRBEEZAE/Z. 22T, 725 ME-FOY 7T~
BT 74T L—F— L BAERIESICOVTERT 2. BE IV A L - —BRRERE T
OHIERE WHER LA ODE— ROy A—, ZLTFy —THEEFrOBR ST,
5.

T r A MOV REERT 5121, V- -FEERIRO SR VCEE T # ) LECD
B.Tivk F—=FL72H 7 7 4 TG IEO TLHBOFBARY MV ERT. 2O,
BETEM L BE VAL VI RERFIEZL LT 55 47 7 4 7 ORI 12400
mm25 650nmcdH 0, WEEHRLE LT V—F ) -y L—F—TCHis 2. Gtz
27D OWIEBROFEIE, —#%ICQ AL v F YAG b — W —F /2l dN&YLF L —H—7D2
ER A S ND.

WA SV A DS AL E — F A (mode-locking) Z FEAR L L, L —H—3iReFHNIZ, T—
NEB B &R ZEL2ODE— FOy A —%HATVE. ERT L -V - Hik&GFHOk
D1 HEBEICHbE TIEbIE. L—F—HIREFIE, L —F-FIBFRIEN T, 3k
BOWTE— FREE /2L THHDE— FARIRLTWw A, 7L, 3k, Liddikek



FE1E BEE VA ELERANRY MVABE/ SVADSE

Thb, TIT, BARBS c/2L IR L72BEEREPIT 5 L LT — FICEBEEED
+c/2L DY A FNNY FHFEL, ZOF A PNV FPBOME— FEESLTE— FEO
NAEDHI > TV, ZO#E, & TOE— FOREILEOMMHICEEENLZ LIk 5.
Ay FVELET, EBOMMEEZEOE DT — FPEHBTEBTEA TS %51, %
D7 =) ZEBIGE SV AROBEREG 2 5. T E—- FRHETH Y, ZHDOE-FD
MHEPRI O ERE L TROBEEIERIN, VAL LA, E— FREIZEGRET— FEL
(active mode-locking) & S BlE — I [Al#fi(passive mode-locking)IZ K & 5. ZE)E— F[E
L LT, o h -2 2FH L7425 — L ¥ XE— FEH(Kerr lens mode-locking) A%
— IR IN TS EHE— FEETE, T—Fa vy —RB3AEr LR/ 2N 2ER
#wCTh5H. Kam X DEEBTHEH L 72 Spectra-Physics #1: 2 O Tsunami |3 58] € — FEEID € —
Fayh—& LTEERFERGVHVLONS.

BNV A DB EROEIE E (1) & BRBERORE E (0) 1E VST — 1 TR
DERICHAB. Thbb,

E(co):f E(t)expliwt ]dt , (1-1)
E(t)= Z—;t—f E (w)exp[-iwt ] do , (1-2)

ThY, &4 DOBFFHEE %

Ity = | E ()12 = E(@t)EXt), (1-3)

()= E(@)f = EE (), (1-4)

L, *BBEEEEERT. (LT (0) OFERELZ ZNZE VAR A, AT b
Mg Aw 55, ZOBDOEICIE,



EI1E BEORNANVRAEEREANRY PVEBR IV ADREE

AtAw /2 2K - (1-5)

DEBRDPEINLT A, 2T, KIEHIVARHETRESNLIERTHE. —ED At 123 L
T, D A0 &5 2 570V A% 7 — ) ZEBBEF SV A (transform limited pulse) & V).
Hr ARV ZADEA K 130441 TH B, NV ANOFERIEDBRBEFEESEIL L TV
Ba, ZhEEERT v — 7 (frequency chirp) & 29 .

FBE SV ADARY FOVIBIE, 7SOV AROFEICIEIT 5. — /RIS, WEIZ, BB
VB S -EDORIFTRZHE > TWVELD, TO0L) RBEX N SVAPBEERZEWRT 5
Y, BARZ NVEKSOEEHRO Laizid, TROBEESZTRLZ- TS, = FAMIC
FoTHELNBBENSIVADI/IVAMEHI100fs LTFIC% 5 EARZ FVIED 8 nm Bl EIC
P, HI A EOREMERERT 2 LV ARIEE SIS . F I AR EDEES
WORE 2 Bl 5 & RS A IICENS . COME, /LRI, EEE
B E SV ABRERICET S, ThE T v 7T ¥ — 7780 A (upchirp pulse) £ V9. T D
F ¥ —TEHSCHENTF ¥ —THETH L. T hbbEOREETRETFZ L —F — iR
PUCIEAL, SEERSOBEEZRKELT, IICEETE, SV RABEIIT 2V
FICFX—TEWETS. Fr—THEZEFLLTE, TV X EPHLNS.

RIZ, BHEAOBER SN AZHBLDDOBEIBEICOWTERSE, F5 47 74T,
FBEIE D K X \Wo, EETEOBEN SV ADO KB AR ERATEETH L. Sl
F & T 7 A THERSRIL, FICEABIE S (regenerative amplification) & £ B GHE ISR
75 (multipass amplification) |2 KB E 225, T 2 Tid, BAEHMEHFRNICOWTHHAT S.
FAIE L 12, T — FRBL — % — 000 255 ST/ OV A BT 1750 A D& T HEAERIR
LOIIREICH Y AAR, BMEIBIGET 2 TN SSEREZF TR HTEESETH
B.FFHFTFATORKIN 774 TRE DT, L—F—BHEZERT 5V AD
BEDE b &, BROIRERENRICL > T —F—ROBTERVEL, BFEEF
DR L —F — R ORRIREDET #5522 F. KR LOERTHA L7 Spectra-
Physics #LE ® Spitfire TiZF ¥ — 7 K7L Z38HE 3 (Chirped pulse amplification)[65]7%
FHEhTWE, Z0oFRE, - FRMERSE>r LOHNE, 7)) XLV =T 14~
it EDA Ly F v — TNV ARE =5 T, V- E 2 @8 580 A



18 BELSVRALEFEARY PVEBXSVADRE

DEEEXBMELTICL, HIRSFCHWIEBR TR, 2V Lo —THBUSVAEZEHEL, &l
HNEE/BLEN) FETHA, (K1.1)

AbbyFr——P #HiER [~ParILyi- |

1.1 Frv—7 F2X )V RAEIEORE

1.3 FBER/SIL R & BIEEHEF TR

1.3.1 FERAAZHRE

BEOBRSBII I, BERORTFORERETFON EET S, KEEIHTS
L, BRWERERIC Lo TRE L, AMESHICHE L - BREERESEE. —7, KBS
DRENH b E, BEFCHEIN-BEFOSMIIASEESR L VBT S L9104
D, EEPOBREBEOEHRORT IASFEEEIEFTS. 2OLH) ITHOBIZICHALZ
WRRIZ X o TET B4 L HE 2 IFRBAEDR V) IR ER R I E 2 KT
BME A DEFRHSF L OMEEHICBT 5 EHRBHICEST VTV A, B OV R Lk
B 72 ¥ — 2 BREEASED TRV 72012, B4 RIEE R CASHEES O 2 %, 3 RICHAT 2
FEMENERRE BRI L DL\,

FERBHRS O W L RARBEEIBREFOSBERESRE O ICERT 2(66,67].

P=yYE + Y2 EE+%® EEE +... (1-6)

XV IIEEORMBERZETH L. BORE SITHEA L 2WE2HUT % £ & & THRFEHS
W, FEOREEIFRBBEZREV ). FIZ, y@ i3 y® #hEN 2K, 3ROEREEZ
REWEIN S, — RIS, x ZEEBUTKTF T 5. MBEERIE, HREITR RN ZERT.
2 ROFMILREZFIIE 2 SRWFEE, MEW - ZRBRE, L8R, N7 2 M v 78k
LVolWHEBREFIEEIL, 3ROFMBEEITRIIE 3 ERKREE, 4F/57 4
Uy 7 ReE, IFREBITE, Vil 2 FRINE EOBREBEENFDH L. R



E1E BELIVALERANRY PVHEBENSVADEE

RE (2% BEREEERZR AR, I ITHFEMYE L LTORT, oF, T2EE
ETIRANBOMEETOER, &8 CIIEHET SMETFOEE, AHREDF TR OREE
YThbH, RU-6)THRIADWP LD E P MFEE Lo T, HOKRESLERIAITHbI
%. JEMBEE R OB % ok T 5 Maxwell D 5 EETIE

oB
VXxE =-1—2 | 1-7
¢, (1-7)
VxB =-1 J (E + 4nP)
=y : (1-8)
t
V(E + 4nP ) =0, (1-9)

VB =0, (1-10)

THEz2BN%. 72720, BABMEAFRETHL. X (1-6) (IBITS P EHBOWEG PL LIE
WIS PV ITHIT T,

P=PL + PN, (1-11)
7272 L,

PL = yw)E, (1-12)

PM = y® EE+%® EEE +... , ‘ (1-13)

Thb. e()EFEFET VIV, n, eHRERBITEE L,

e(w)=1+4nyVw), (1-14)
n? =¢e@), | (1-15)

0



E1E HBEL VA LERARY NVEBESVADREE

OREBRTHVwS L,

no2 OE opP ML
PO+ (1-16)

2

VE =
c?2 o ¢ o
FESND.
2RDIFBEZFE @ 3O T Y INTEREING, L7z oT, 2RDOIEHFEL R
D i FIEE S
Pi(z)(w) = 2 X ijk(3) (o =C01+602)Ej((1)1)E k(@2) , (1-17)
Jj. k

L kW TRD 5y, 2 DERDPERLTVS. 2 ROFRBERZEIC

EMTAH, 22T,
DNWTlE, —f#&IC

xﬁk(2>*(a)=a)l+a)2)= x,ﬂ.j@)(a)2=w-w1) ,kl@(a) =w-0,), (1-18)

AR L, I EEFRO R (permutation symmetry relation) & V29 . F 7z, B
129 BIREN B OB TR RIS DB 2 WIEEICIE, 1207 YV VORDE T

L kDMEEREL T HEEED S 21,

X.;,-k(Z) = inja) - Xjkia)’ (1-19)

\

EWIABBRAKRIL, IhEZ T4 <Y Kleiman)DXIFRERE WS, 2 ROFEBTEZ R

PO THEVEHECARES R0, , 0, %2 2 00%8WRICAST 254, X (1172,
E (@) = Re[E o, explio,r ) = £ OPUOLIEE 0. 0P00L) 21 ),
' (1-20)

ARATHILICE), AR 0 =0, +0, I3 0 =0, -0, OFFEITBIYE

10



E1E BEXIVRAELERANRY MVABRSVADFEE

FIZHREND. ZOSRIZL o T, AFHEOHB L CZOAIRENEE FO BRI &
B ENERRE, BETERARRELV). B, 0, =0, DHE, 0 =20,
i o= 0DEBHFELS. HBEE2EMEL VY, BEEZRERE V). IS, 2
DDORFHAS 1 DOMNIHEELEEE 3HBERE & W, HAEMEHDOFGVERIRET
ZDBIEIL 2 ROFFBESE YO IZL o TXHXEEIN5S.
SKROEPO =y EEE DFEHXA/BILETOYWEIIHFETS. TNRIZLoTETS

SROFRIZ/NF A M) v 7 BRENREIKF T 2BRICKFITESL. XF A M) v 78
BICBWT, 32OAHNELS 1 >OWIKER2BREE 4 BFRE L VW, FOHEER
DR TIX 3ROFEHEEZE ICL2BRELD. 4 DOEPEVIZECE L VAT
2L, BEANZ MVORDEL HBEREHERAGEREGE V).

SR IRTET 2 BB O RIIASHE L F CREROIEREIRICL - THES N
3. EHMRITR L o 2B T 2 MRS 5 & &, ROMARRE o 5 HE OEITE
BIEHT A REBOEOBHOBIT, KMEICL VIFEHRBICENLT L. Ik —
Kem)BR L IFITN TS, FFRERBITFINROMESTROBETH 5720, KOMMDE
BTGB R OBITIC X ) B B RIS A/A &I L A EOBREDOFERIEITERIL
f%b,%ﬁﬁkkémﬁﬁﬁﬁ%m¢é.Eﬁ%ﬁ%ﬂ?é&%@&ﬁﬁﬁﬁ%bbe
HOZELT 2. KPERICLDESMNHEER SN S ZORRIIBECHNMETR (self-phase
modulation) & I T3, SAHTE ICEE S HRPHROERTH L0 5, BITRE(L
BEDEE, RIIEXRTEI LIRS, ZOERDBEY HTENH (self-focusing) & V29 .
HDERIZLITHOBEHFOBMRHE < . ZOEITIC L 5 HROLAY L HOERICL 55
ﬁ@ﬁ%ﬁﬁwﬁﬁ#%ké,%ﬁ%ﬁé:a&<~%@E~A%%ﬁofﬁm?5.:n
% H O H S (self-trapping) &\ ) .

1.3.2 HCEHBZEHR
B SOV AD & S ICERBFMICEVEREOGE YD 5 5E, MHEREIZRETO
%ﬁﬁ%w&&ofﬁné.:@%@mwaaﬁﬁ%%uwmﬁmmmmNmmmiof
HOEERELZQAA v FL—F—IWADARY pVIERY OHBICHAV L.
22T, BER SV ADANRY VIS D ALY B -0 I [ H L B O AR R

11



E1E BELSVALERANRY MVEHBXE NV ADRE

7 |(simple theory of self-phase modulation)[69-72]D#ER % T Lo THB . WEP (T
HLU—H—HNVAEZEHETHALIRET S L, LTORESHFBEATEHERTAIENTE

2 2 2
O n® 9 \p_ 4 9 po
az2  c? y? c? 32 (1-21)
Z 2T,
E = A(zt)exp(ik,z-im,t) (1-22)
P® =& |EI?E (1-23)

THY, n, IEFEOHREERE, POLIROFEREITBTH 5. [HHELHOMHALHAE
(1238 T Slowly varying 3T, (Slowly varying amplitude approximation) Z f\vy, & 512,

FEMIEBITR  n, =Qn/n,) x® DERTEEZRET S L, LTOBIEONS.
Al = 1A (D) | (1-24)
2
P(at) =00+ ",fl’{‘; X <3>|A(r>|2 | (1-25)

A (1-24) BV APEEDZERETIERT 2 2 L2 ERL, R (1225 FMHOEL
ZRY. ZOMMLHIIARLER

2 2
Aw(t)=_aA¢ ____21!600 ZG)MZ

ot c?kg ot

(1-26)

EHEZ AR FUPERBLZEZRLTVWAS., Ao(@) IZHEDOE X B L UNHEE O
HAEIZHET 5. SV AEOE Y, BEEOX LT ERBEMI LI LK ERARY ML
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FEI1E BELSNVALEBEARYZ FVABRSVADRE

WA %1 58L 5. LU, BRICHEVHCHHEERICL o TAXT PVPIEAFDIX T
DB L BRESHENIA LD EAREEE 5. R E LT/ VAR S O THE DB
MAEIIEA LT, —E EORMREZE2 L 2D ERERIIfTbI 2L %5, K12
@IZAS SV ADOERE 2R, BEEOFHEHBBITROFFZIEL T, HHMEDEKIC
CRLT, BIFESENT A, ZORE, JOVARES TIOEMEIEER L L QIS KT S
25, HOMAZER SBRFEEROBET 25 &I 3. FRIC, 79V A iR el R
ﬁu%b,ﬂwxﬁiﬁftﬁﬁé.Ltﬁaf,ﬂwxﬁ¥%fﬁﬁﬁﬁﬁﬁﬁ<,%¥
HTEL A, H120)ICHCHNHERE T2V ADOELZRT. H1.2(c)ICHC
MHER L Z T 72 SVAOESE 7—) TERETHZLILENELND AT PO
EIRT.
A Tl H CERIIIFREITRICL 2 IV ADERMBESMOBIL L AbND
25, 2 OF UIEBIHBITEABERBIIC N SV ADIED 5 W IZEREZ T ECEHEN D 5.
IR BINE DS IEDIG A, /L AMERRE L DIZFOE— BB FICBEIL, 7SV A
BROBERICEBLTL LX) BB obhs. ZOHEKIIECEE b (self-steepening) &
IHEN TS, BEREBLICBW TSIV AIIMER L L D IC2DE— 7B L D RAICHE
BL, SVABEOBERICEAE R ZE T 2E\NS. 72, HOER L0 RBREE
BV EOAMHERIC L D K& DS

1.4 EFEANRT bLEBI/NIVX

BB OV ADSERI R 2 T 5 & RAVERD O ERSVEBE TANRY P
BB HIINAEZEL S, ZONNVAILERANRY FVEEBEX/ VA LRI, % OF
K[41-43]1 R HR[41-45], TAR[47, 48112 BV T ZDOREDELO LNz, EHRANRT b
VEBE OV R, AT PVEFEBHIL L, BESEVISIVATS ), PEERe EYE
WIZBITAHLWREE LTEEFHSN TS, 20REFRRIZIE, HOCVMEER
[42,48,49], 4 HIKIRAE[41,50-531E0H TN TWE Y, BAEBBRIIEN L Z5+41
BRI TWR, T/, ERARY MVEHBRASVABEORIZ, HOERIZL D 7 1
FAYIPERINSLZ EPFHEREINTWA[54-56]. COHCEERICLLE T4 TAV IO
SRR, BEE, ZREAIRS BVIIIEREES TH ) [54-58], BELHEHIIES TE 2.
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EI1E BELVALEREARZ FVHBXESVADRE

_ 1.0 5
£
> 0.5 4
ol
k)
=] 0.0 -
2
Gt
.= -0.5 { I
8 ()]
= -1.0-4 : : ; . , .
-200 0 200
Time [fs]
(a)
2] 1.0
g
=]
e .
E, 0.5
=
© 0.0 -
G
.2
g -0.5
2
=
'1.0 l T l T l 1
-200 0 200
Time [fs]
(b)
£
S )
s,
2 1.0 -
=
[]
Qa
= 0.5 +
B
g }
3 0.0 =4 1
-3 3

(©)
M1.2 BHCOMNHZEREBEERT v—7 (@QAHNVA (bBCHNHEEAZZIT
INIVA (OBCMHERAZZT 2V ADA~Z MV (B /1012 L TER)
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B1E BEARNSNVALERANRZ MVEBNE/SVADSEE

HIET O B O OB T IER R IR ORI S 2 K E L T 5. B2t
BRE LT, BEME, #TOBELSM, FRBLEFIM, BEHRLEEDVEZ LR, —HFKIC
X, &4 OWEIIFNENER OEHEEE ¢ 280720, BEEORER LV —F—/NVAIZ
XL CBRERICDES T, BENTH S, 7OVAEKt L) e SITIERERENL OfE
FEERRMBEL DAL % ) BERRESEEICR > TL 573,74, 2070, VHEEIL
LBIEEIEENRER,

A (zp) = & I An (zt)dz | (1-27)

An(Lt)='[ na(zt-t )E (zt)|2de ', (1-28)

Y0, IE@) PEHHRTHoTH, o@)EIEFFRELD, 1E@) 12 IZHBAIL 2V, 204
f, AR M VOWEAFY IR L 2B, 51, EME X EEIC L [BE2 BTMM
25 B | (more rigorous theory of self-phase modulation)[75,76]05 R F 3, HTZMRILD
 WBITEESATL.

BRI, EHEARZ N VEEX OV ADEE % S BEHEE OBLE D S 1EkO B EER
PHEBT A REOBHREZOW YVAEAEZQ s, EREEZA m, HHECEHEEZS m2k
T5E, SHBEHEELA,T) Ws'm? IR TERLNS.

Lir,t)=—d2
( ) ds -dQ -da (1-29)

T/, —fEIC, BBHOIRVF—ZZOWEOREIEEL, WESEERSE (B
%K) OBEIE, TOSKBEHEE LA, T) EBNFRET & ORI,  Plank ORI
ko TRA TSNS,

L(a,1)=21 - - ;
A ——) 1 )
exp(/” (1-30)
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FIE BELNSNVALERANRZ PVHEBX SV ZADHE

ZET, AWK SHE SN OROBE, ¢, BEEHOE 1 ERB L UE 2 ER LT
ER, KR TESNLYBERTHD.

c]=c2h =5.9548 X 107 W m?
c2=ch /k =0.014388 mK

72720, clZEZHRONDEE (¢ = 299792458 X 105 m) , h B TT V7 DEHK (h =
6.6256 X 10 Js ),k IRV YT DEH (k =1.38054 X 102 JK-') TH 5.P. A. Barnes
HIZEXD, QAL vy FNE—-L—¥— (E—Z7EE30MW, PEEIE30ns) ZKIZEXT
BIEICENEBONLERANRY FPVEBE VA DR E3S0 nmD 5900 nm - B B HIE
TSR IE, Plank OBETENIC X ) 15000 K O RAREECHL T 2 Z L AFESD LN TV A
[77].

&
BT, BEK VR LEFEART PVEBER O ROV THEAL, 35, B
VAR O RIS & B IMIBIFI RO TR L, BHER <7 b V3R L
R DGt Fiik & & DFEREIT OV TIBAT:,

Tl

16



#£28 Kaev—-LVUVATHEEETFHEIEINETT 74—

£208 BIb—L XFSEETFEPHINET T T 1 —

21 #8

Kae—LV Y AREER, 2 — L Y ABBEEREE L2THEHRIE, X7 7 13—
DHRAPE L L TRESN[S-7], METIE, REBIREHUEG-111, EAKH3,4,12-16]12
IBHENRTWA, RETIE, EREL2ZEae -V AFEEL, ThzRICLEYEROR
ITEBRME S HIEROEBRBETRIILATEIRINET T T 4 — 12DV THRE.

§ 22 Tid, B~V ATHEEARY MVTBEORBIZOWTHHEL, §23T
3, o —L Y ATHEHIB W CEHIINR & % 2 BEEE» 5 OB FFHELLEZHWT, K
SHOMEBLFETE 2 LA ABOFLEROML TP TELTHETHIES

574 —IZDNTHEND,

22 KIb—L>XTHENDEE

221 {Eakb—L>XFHE

FHAXT R OFRERREHA O -0 ICRES NI -V XY 7LV 7 P X M1 —(Optical
coherence domain reflectometry ) DR % K210~ 4 7 VY Y EIFHET = b L ITHHET 5[6].
Ko — Ly ARELE LTI -V ABHRAT 2 b ORBEEXZ 2 5. BEZHH L7226
74?»77?%%KR%&,E—AZfUvy—KIUZ%ﬁKﬁH%ﬁiuﬁﬂ@ﬁﬁv
TORBREREZR ET5H. SBI T2 XMIB-o T TL LT, Rl
TTHEFEHRINT—F & LTHES. COTHETIE, THEEO 2 OBOXHEEIZ L 5H
AR EREE c OBEETH Y, SRELHBIr ORI E OMEARBEERE 25, V,
(1) LV, () FENENSRELEED L ORGHEOWEZ R T SO LT 5. HiigFHE
DHDEEDMITRD & ) I252 5 5B[78].

I(t) =<1V, @)+ V,(t+1)12>

=< |V, @) 1?2 >+<1V,@+7)1%>

+2Re [<V, (1) V) (+7T)>], (2-1)

17



28 Rob-VYATHELTEIRIES T 71—

ZIZT, <>EHRFIILEEEGFHERTOIDLT L. Re[ll3FERE, *IERIE

EFRT. N (2-1) OF1, F2HRBZASHEALEFTHROAILLHMEZERL, £3H
B2 ODKROMEMBERELE, T 2bbTHETEZRL TS, LWFoT,

I(t)=10[14R2+2R |u 1o(z)|cos(2nfr +& )] , (2-2)

b, 22T, I BTHRHIAST 2 REOME, IR0 PLERE, & 3MEY
7F (BB 2RT. t3MNEETH Y, SHEOKOXKEREZ ¢, ,BOBOARE

*z,&LT,

T=(z, -z, )/ c, (2-3)
THERbNA. 22T, ¢ 3WhETHE. I72, lp, () | i PHEABEROETER E
I/9

Vi) Voi(e+1))

Ki12(7) = vy _ ,

VAVi@)2) (v @)?) (2-4)
Mirror
—

 ——— t Delay line

Low-coherence | —> —>
light source l<— \

Beam
splitter

Detector

K21 Eae—L YAy 7L 27 M2 M) —RFEROBAR

18



28 Kav—- LV ATHELTHEIEIEST T 14—

TEHIND. Q2RI FEHDO 2 00RO BEEDN c AT L H/NEVEZIZDOAHR, T
BEFVENL LD 5. ZORELTHERICE ) REEOHENELFET S 2 L
HTEL. BFEDARY MVOFREEEE AF L TIUL, THERBOTHEBROMEIL, 1 /41 12
BB 2. BEDARY VG IHH T ARITH S LIRE LIZGE, THREFTOEHERD A
TARE Y, ZORELIRL,

A T = 4ln2 ,
TAf (2-5)

Lk, A (25) &Y, BITSHMOBERT Az 4,

T 2Af (2-6)

LB, ZORITEFEOMBGET L BATEMGRF IR L1 5. BT EBRRR
FIEDANRZ MUVIBICE YIREES NS 70, B % A7 PIVIBZFEONIFEIC L ) HIET %
CENTEL. ZDEHIEIL—L YA TLZ P A M) —ERKEOTE— LV AREE
DRAT X FERA T, FHHROMESNELZRHET S I LA TE 5.

K, Eae—-Lvy AU 7L s A M) —ZICALLKETEHENES T T 4 —(Optical
coherence tomography) |22 \W THEH T 5 [3]. X THMEZ T 7 4 —TRERLZEATE HI

Reference mirror
>

Low-coherence . )
light source .\Flber beam sphtter/-<[

Demodulator

—
Sample

A/D converter Computer

22 HFEHENETT 714 —HFROAEN
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H28 KIL-LVYATHELETEIRINES T 71—

CEETAHIETTRL, C—2%#AMICLEETAILICLY, RBOWMBES %S
HIENTERZ I —L YA TL2 FA MY —LEMOXER (M2.2) 2BV,
ZHRAEESEEICEPNS. COEZ—EOEETE»T I LI12X ) SEEDOEWEEIC
Ko 7o9—27veE522, BEBRERSNLSRAELAEILOWERE 2 TEsw
5. ZREZBEHSIEL LI VREHMOEEIHBONS. S5IT, Wi~ AL
He 2 RUICERTHZ LIZL ), BEGESBONS. £/, X TEIVES T T 1 —
TIREBHERCEOZEzHO L Y A2 HWTHEHCERL T b, BEREOHIEC
wf,ﬁﬂ#%@%ﬁﬁﬁ%d%%ﬁ%%&%ﬁTé%%.bwtbt?ﬁk%fﬁ
T4 —DPJE LT, BVEOEEEOL VX2 HWTHECERL, PV 7 VE-F
T AN DRAEDLETRERREERT LI LICL)ESDUA»SDLEHALL
‘%%fﬁét?& 118 8% (Optical coherence microscopy)[79-8110REE N T3

222 Z~Y M F#E

B 2.3 IZANRY b VT (Spectral interferometry) D B 2 FE R 2 R . AR b
VFBETIR, THEFTERENIIARY MVERIISML, AT MVHEENTE
FERENT A, Boe— L ATRELERY, KEMHEOSREOEE 2 Th T8
WA R OE S EREIES 2 LA TE 5. SR E 2 23BN A 7YV BFEE 0

Reference mirror

Low-coherence

X Fiber beam splitter
light source \

Spectorometer

Sample

Photodiode-array

A/D converter Computer

K23 AXRZ MVFHEEFEROMZK

20



28 Kav—-LYATHELTHEIRIESZ 71—

—FORICBINE, KEPSHBAKIET ATV Y FEEHCASL, €E—2 X7 v ¥ —
WX 2HEIFTT O NG, FEHRIDLLOHMNE, FREFICEI VAT FVGHEIN, 7%
FEAF— FT LA L DRI SRS, ARy ML THE T BRI TR R E 2 &
DERFROSEIREEIET 5 2 LATE S, 72751, 2 KREEOWEIIL, HAAD
EEPVEE LS.

AT MIVTHREOMBEIIDTOEY TH S[34]. FBELLDEFTIE, BRBES 20
SORBEDES ) ThHD. I TIIREFOMIERT 5. B E 128 2 BB OHEIR
% a(z) &L, BBICERELZVERET 5. k05 0WEERSRE, 5 OB EL
LERAbEND. THEr o0k, FHEL IS ERETICL ) RL 2 RBERHE
SRB. REO 1D O ORI, R EOBEICEDRY, S OMABEE L 5. Rl
TELNETBEST (o) 13,

)

2-7)

+00

exp (2mic) + f a (z)exp{ 27ti0'[r +n (z) -z ] }dz
0

CIT, o BEHKG0C =1/, A ZEE), r EEXSSEWICES EKE, z XD
MCTOSHREOLBELEREL LI-MEBLLORBE, n BHBORBIE, § (o)INtE
DARYZ PNVEE*ERT. RER-DIEIRDLHIIZEITA.

I(c)=3S§ (o)
x[1+2J a (z)cos(2mnoz )dz +] J a(z) a(z') exp[2mion (z -z') Jdzdz'
o o Jo

(2-8)

N(2-8) DAL 1 HIZBHRE 2 5 OERBD, %2 BIIEEIREa (2) ICHBIL, B’S 2
DEHILEER 2nz 03T A VAR TEREN TS, 8 3FITEBOBEDEOME AR
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B2E Kav—LVATHELETHEILEINETS 74—

METRY. 22T, NBKa z) 2RRDLH T,

EI\(Z) =a(z)+a(-z) s (2-9)

E¥nL, X (277) 3,

I(c)=1S5 (o)

-00 -00

X {1+2[ a (z ) cos (2rnoz ) dz +] f (@ (z)c?(z')>exp[2nicn(z—z')]dzdz’

, (2-10)
BB, 851,
(@)a @) =Tak)é -2'), 2-11)
CRES A, 22T, IL,OECHBEERzxT. X (2-10) &,
I(c)=5 (o)
x [ [ etromtmmiec o[ cront-2mons 1
- ) (2-12)

EERTES. X (2-12) 2oL THET— ) ZERT LI L0 LY, b & 8EL
IR a (z) 7Rk oAb, EBRESEYa(z)=0(z <0) &T 5 &ML & N HEIRIE
@ (z) 3z >0 THEIRIEG (z) EELVOT, RBSIINET 2BEOBESHROND.

£72, ART PVTHEICBT 2T EHMORKBELER ¢, 3T HIHEDART PV
SREETHRESNS. Thbb,

22



828 Kob—LYATHREETEHEIRINESTT 14—

_ 1A ]
Zmax = an 7 ; (2-13)

72721, A IBHEFIZL o TRIDZERTHERETDH 5.

23 FHERIKIETTT1—DRE |

fekRDET — Ly AFHBEIHFED 2 — L X ARBREORAT SRBERF TEHIX SO
RETE DN E 7 45E T & 225, %6EHRE BRI LTwiv Kok — L Y ATHk
CED &, WEOBATEERE S RBEROEREZTRICLTES R INES T 71 —OFRHE
2R B[35-37]. W2AIZFHEFHENET T 74 —RFFR0 70y 7 ERT. FHlldg L
RERBEA TN VETHHO—FOMICBL. FHIHRE LTERBEELER, ©
Fl, WINCE L TidBeer (ISR D LD L RET 2. HiFIIZ, FHORVWHEETHIER
ST DB O FRE T 5. RBERE I L CEEICRER L, FBEORE THELL
REZHT L. BEAEFRS SNLBREIFETH Y, Ly X 212 L o THICRIHEH
FHEBLTWE. 22T, AP0 HEZ Z T TICEET 2 L BELSNED 2
FEHEICHIT 5. RIZ, BHEO72OI, BELC I 2R EELOBE L HFP T 1 EOH
AZTICEEL, b2 EHT 2. 20 L) RIKER, BELOS R VWRBH R RAT E OFE VK

Reference
i Translation
Lensl D <>
White i

source : : .
splitter
P O Lens2

CCD
Camera

2.4 FESHEVETS T4 —RFROTOY 7K
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F£28 Bob—-VYATHEETHEIRIEST 71—

BHRTHRILTAHODEEZOND, Z0OLE, THEICBW TSR L FTHT WAL,
HAE P TR NOIEL 2V LIRS OBE T —E LR 2 wiz0), BE RO EE) AR
TELBRY, REEPOFESOFHAFTEEL 2 5. EHCAS L7223k, RBEHBTREB &
RN, BRELOTER & =T 788, MEHRIGET 5. ZRE BT 2WHEEoREL, R
E R OCWERO SUFTE, BABEMEES S ORI, BHBEDCORBORIMIZE S, Ko
L=V Y ARBEEZHCTVEDT, THD 2 200OBOEBESREOIL—L Y ZAEUT
DDA THBEFPRL LW TEL. SRELRMAICHKET 52 L2k Y, FHIxR
DEATEHAOBEDEREES 2 LA TES, T/, THESIFHIN RO RS ET
2 NEHREROILEFAL, SABEREMET 5. BEEFEEL V5D TEFBROS K
BREMBT AT LDTE L. BRI, 4 2FBER 7 4 V5 —2AVWTTHEFT %
WEF 52 LX), 57 4 V5 — RO KT 3 bR A IS 3 - L A5T &
%,

RIZ, FHEFLOLEBORL T -3 BFTHED T HHEHREFL 7O DEFUHEDE
BIZOWTHRNE. RE»SH2RE~ A7 VyY P FEBFHIAS L, E— 2 AT Y v ¥ —IZ
LD 2HEIIHTE. 7, V (1) LV ) BENEN, SRELERPLORFB LIV
BHBEXDOFRFE LR T DDOL TS, T, BE,LLSHEE LR THREBZE COREE, B
FURERE AR CRIEBE TOXRBEL 2 ICRETS. RB0R2.50 K 912z 7217k
BErOHMNLHFMICBE L2 T4 L, ABADOREALIERS /2 TR SN RDNED

Reference

z=0

<4~ Translation
i

X
Low-coherence (9 P—'-\ Sample
light source .
—
Zr r=0 &/2
CCD
camera

2.5 FHESHIEFS 714 —NFR
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Fo8 Kav—-LVUATFHELTHIEINEST T T 14—

SONBEIE: +2-0 Lhb. wE, BEEDT -V IART PVET (0) TRT L, B
BREDOBREETCOIREIIEE: 09 v FLABERE L TROLHIZEL I EDFTE S,

V,(t):f w(c)exp[2ri(oz ,-vt)]do , (2-14)

-00

ZIT, o B¥EE BEA 0FER), v ZIREIKTHS. T, EBHPERI /2B T
RETE 723 B FEEL S N RORIBDOWIEH (§, 0) 13,

¢
-2 ,o)d .
Io Wy (r,o)dr (2-15)

R2- 15K HEBE D 5 F T B REL BB L o THRFCHBE SN BRI R ERL
TWa., 2T, R({/12,0)iE, BEOXEETORS {/120METOEB o DHORT
~OFEEEE, 1, (r,0) ZFELLBIUC L 2 HOBFERERLTWE. 22T, #AD
FERZFHIT 254, REDEOME B RERTER H(L, 0) 13,

H({ .0 )=R (0 ) exp

CH_({o)=R, ({0 (2-16)

LELZENTED, 7270, oldMcEELREE TS, Lo T, MIERELIIBT LY
FHDIRMEIL,

Jo (2-17)

-00

e d
V(z,t)=’ Z(G)U H (¢, 0)expl2ni{c (zr +¢-2)-ve} 1Al |do

Y h. IIT, dIEHEOESEERT. ¢ ICETARSIEEES O K F /3R EEL S
NBLETORDTBEBOBM A RT. BHEO72D, HBOBIFE 1 & Law, LToERL
BRIESA SR VA IO WET X 5 M LOXOMEESMITRD L ) 125
Zoh5b.

25



H28E Bob-VUYATHELTHEIAIEST 71—

I(z) =<1V @)1*>+<1V(zt)l*>

C42Re <V () V*zt)>], (2-18)

ZIZT, <>SIEEBMFEHI/IIEESTENTERTINE TS, Re[liZFEHE, *FHEZRHE

¥RT. N (2-18) DEL, FLE2HIEIFNFNSRELEFT ORI L LNBELZEL, 5
SHA2ODONEOMHEMABEL, ThbbTHBEETLZELTVWSE. Z2T,

I'z) =<V (@) V*(t)>. (2-19)

LEETH. ZIT, KB LHAD ) b, BEBORR 25 L) LIIREMEETHS &
L, ROBEBHEY LO[82].

L § (0 )6 (0 1-0,), (2-20)

22T, §iiDirac DFNTEET,S (0)ZHENPSHEBEHDANRY FVEETHS.

7, BEAOECHEET @)1,

F(z)=<V, @)V *izt)>

=ﬁf S (o )exp(-2micz)do
- 2-21)

ERING, R@-191F, I (2-14), K(2-15), RE@2-200L£ D

f i (o) ewlamio (2] o a0 L,

&b,

26



o RKov-—-LVATHELTESLIESTS T 14—

K, FEMEST @ )RR DR E 2800 O U727 R TR L 708 7 4
VT —FBANTTANT ) 7B L2, R OREREO 3R 25 L ZD
AR P NVSACET A EREFERICEALZ LN TELFEIIODVWTHATS. 2721, &
e FEALEHAOBEOMBILOWVWTOHER L #ED LT, ZOHNDZERER(x y)IX
WAL, LEFROEEC)DAZE). i, FLVEEFBIEZ bON EOEHK L&
BB 7 ANV —w () (n =1,2,3,  N)PHABEINTVEbDETE. ZOLE,
F@)HFZ0n FEHO7 ANV —ICEoTRELIEFEZTHSLEL, ARI PO FETT

LEMER, ARZ IIPEFS LU TOLHICEKRT I ENTE S,
Ir',iz) =T z)®w ,(z) (n=123,--N), (2-23)

ZIZT,®IIBHIAAESEERT. TOMBRIE, EHEZEMTIIE
r P i n=123,..N), (2-24)

—~—

Y hB. SIZC,a(6). T (0), W.(0)dENZFR, I ), T@),w, @) D7 —1) L%

BrRd. $/2, X (222) &9,

r(o)= %%—)j H*(¢.0) expl-2mic? | dg , (2-25)

THho, 7 (2:23) bR (225 kY, ARZ IO INETTLAERDELHICKRT I LA TE

d
f H* (6., )- exp (-2mic¢) d¢ |exp[2mioz]do

- | (2-26)
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F2E Koaov—VVATHELTEHEIEINEST 71—

ETHEEA T 1V F —ATITEBIEAFET, H (§) ¢EL. 22T,
H(¢)=H({o)lo=0, . (2-27)

ETh. 1272L, o, 3T ANVI—DRLERET S, FORKE, R (226) 13,

r, (z)=j Hn(c)U (o)W (o )exp[2mic - ¢)] do | af . ) 5

-o0

LELSZEHFTE, RRIIZEZHTI,

I'n(z)=Hy, (z)®W.(z)(n=123,--,N), (2-29)
b, ZZT,
Walz)=Ir@z)®w.(z)n=123-.N), (2-30)

&k, FRRIC, BEBZERTH,

r,(c)y=H, () W.(6)@r=1,23:N), (2-31)

(v
(v
fg

W.,(c)=8S () w.{oc)(n=123,--,N) . (2-32)

THY, H, (6)I3H, ) D7—VIERTH), K74 VF—DWHBADH (0,2 ) DF
WEZRLTEY, BT &AM EEB MO S ICET 2 EMEFKICEATYS. T (2)
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#28 BEav—-LYAFHBRELTHESHEINESTT 14—

DPEOH () BT AR ZZEEREROICE, w, @)D ICET SRR TIEL
WZ ERbR A, R (229) - (2-32) &) FEHHICB T BT T H RO KGRI L WEED
ZERBEICE T A EMEBLZENTESL. W () 3EEN L 74 vy —BBERLT
BY, I @) REINIZFHERZRBERELZRELTVD. 74V 5 —OFKEIES
ThhiT, KBS HBREESHERERARICHE T2 e TE 5. K (229 & (2:30)
DEHDHIES DBRAS O BAT SRR L WBOBRLFARICRHOL I LIETEZN. D
Y, 74NMT—w () DFBIRIIKS 2% BIELE, ARSI FPRMETTATL (2)D
BT X RERFILRT T 5. S0k, BEGHELH 1T 2 Lid, BT SRERF Bt
KT B b, RO BEELEL LEWIEE IR, BRROBTEIBERAZR/L L
DBTEL, ZOBE, X (228) XYVRBORTEMEEFIIKEFEOFIS (0)ICL Yk
EEND, ZOLE, T4VF—ldw,@)DPARIZEHEDT, BTEHFERIIE(ETLNS
B, PRERIEH, @) OFICEFTRTRE I LIk b, EBROWETIE, THEFIIHER
WY v 7Y vy Esh, AROFBHETHELZIT Mo TWwa, TOZ L&), METiEz
BB & RIS RESRT 2. RBOBBMBE Az/2 8L, THEFOY 7Y
YIEBENET R L, BRRERS,

Ao = 1/(2NAz) , (2-33)
TESR, BRI,
O max =1/24z) , (2-34)
ERENS,
T4V —BERIENICIG L TERI LN TEX S, BERER TOEROWHE®EET 1V
¥ —H R ENLBE LTEITFAZ LA TEXS, $72, Gabor 7 4 )V ¥ —[831I1L84T & HH]
OREE L BRI L CEY AR E 525 2 LN TEL. BEREREVWTERE &

EL+ A, vo—T7 Ly NERBIEHWTD Lv., DTOERTIE, B mEE
B74 NV —FHWS,
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24 &5

KETE, Ko — VY ATEE BLUTEGRINES T 74 —DFEHELEFHIZOWT
WAz AERDE T — L Y ATEHRIL, HEDO I — L ARREORT S RERF TE
RO RFEDAUE ZFFETE 505, 7 HER T FARFICHE T2 2 L3 TE 2T Lz
L7z RIS, FHA RO 3 XuEfMiE#R L T ERERRICHE T2 L2 B E LT
WA HINETT 74— DBEBE<A VY YRFEEHV/ VAT AL VBB L2 E
BT 5 DR HICET 20 ERITFHEEFTICEINTVEOT, HELEFEZHVSZ
LD, FHETPLIEVARY P VEBROGREREZMIL T2 I LA TE 5. BAH
W, EEEBIC B THLEBOR L 28k L -8B IR EFo 74 vy — 8% W TH
HRE 2479 . 2T, HFHBATHE LLTHBESE, sHINSRY 5 O K6 LSRG
BdA2MEIe -V AEBEEHBERAT A VY —EDEZBTHOIALY R )2 —2a Vi
GBI LERL, BITEERESEBHREFRICEGZHIETELILERLA. C
DZEhn, FEFHNETT 7 14— Tid, EERADRT EMERF L AT FVEBO
SRRSO EIETELRWVWEV) P U= FF 70K k7.
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E3E FEEARS VVEABXRSLVAZEWTESXENES T T 14—

EIE EFEINT MLABI/SIV X EHWE
FEHEDPHENETST 14—

31 ®E

§ 24 THRNRFHEHHKIEST 74—, BATXERE OB REFERRICHE TS 2 L
DPHEETH L. FHEPHIET T 7 4 —TIEFTIEENLEHREIIAED AT M IViFE
IECHEING, $77, WELOBMVERSKE T, T02BAHELEEZ B L2012, BED
BWESLEE 2 5. KETIE, RHROERARZ P VEHBX VA ZEBWT, O
BT X B E S RIBREFRICBL LN TELTEIR LTS T 74 —FRTHEL,
EENBREZALEFEIRINES T 74—V AT 2L VEBIREEDBIEHRIZONT
BB

§32TILERANRY MVHEBXEZ ROV TFESXNES T 7 4 —HFERIZDVWTER
%. § 331 TIERARY MVABKEORENHEOMERLSR, § 332 TREERRN
ERER, § 333 TILEREREEOTR L SRBREHET 5 ERERIIOVTHERA.

3.2 XFRDIEK

M3.11EE AR FVEABX SV ERWETES R NES T 7 4 —EBREFRERT.
FH N T 7 A THIEEREPLOL —F =SV AR WAEFRICENTSH 2 LI X ) #EREAN
7 MIVEBY VA REL, EEANRYZ PVABK SOV, BIESEES T 1 VY — %
W\, Ly X2k AT RICL, THEHCEAT S, 20720, REDOERTILERA X7
VBB SV ADWEEEBIZ 700 m A T ICBEET 5. THFO—FOBIZIZEHANR L
RAEEE, ) —HORICEISEREE . FATHE <4 7y Y FEHRITRICERr NI
FKEEB L USEEICEEICAS L, RERBCER SIS, S 282> THRE L&
#5, CCDH AT TFHNE ST 5. BEEL CCD W A 7 OFHEIHERRICH 5.
HED L OREHEE ZRE D, SO OO RBEEN I —L Y ARDTO L 2IZDA, T
EErEons. 72, § 24 TRLAEBESLEFIHIIE:, 2HEREZMEBT .
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E3IE ﬁ%ZN7FWEé%wa%mwt$%ﬁ%b%7774—

Reference
Translation
LI Filter L2 <>
Amplified
Ti:sapphire
laser 3
- - P2 - '.
Pl : X Sample
Water- y .
containing L3 O
cell C—— Analyzer
CCD
camera

3.1 EFEANRZ PVABRSVAZHWETESI R NEST T 714 —NER;
L1,L2,L3: L X, PI,P2: BT

3.3 EERHER
3.3.1 EFEFEANRYT MVAGBK/NIVZIDRE E BT

TN T YA F ¥ U —4F— (Spectra-Physics ft, Beamlok)Fi2DF % 47 7 4 7L —H —
(Spectra-Physics #t, Tsunami)® #1675V X %, Nd:YLF L —% — (Spectra-Physics 11,
Merlin)hEF % >4 7 7 4 7 AR E (Spectra-Physics 1, Spitfire)iCAST$ 5. 34
B L7z L =4 = v 24, HGERAT800 nm, /3L ARERIIEDT) 130 fs, #R )& LEEK
W1 kHzTH5D., F¥o% 774 THIEL—F—F VR (=4 o — y190u), BEERHS
mm) % £ T HEEE 100 mm O L v X THE 12.5 mm, HEE 10 mm OBRAEL LV FOKE
PRI F R ICERT B LI DERANRS PVABR VR EET.

32 ICE AT PVABK/ SV ADBRBIN L AT PV ERT. HEEH 850 nm Lk
DREBIIFEF L 7247588 (Ocean Optics Inc., SD1000) TR T & Lo 7278, #EFA X
7 PVEHBXNSINV ALV ANRY PVFEBEFEOZ LR ENTWAS,
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B3E EEANRZ MABK SV ATBAVW:FESENES S 74—

2 10 Y.

=

=

S -1

5 10 -

>

5 10 2

o)

E

£ -3

é 1 0 T T T T T 1
~ 400 600 800

Wavelength [nm]

3.2 EEEANTZ MVEBISIVADANRY MV

RIZ, ERRANRT PIVEBI SV ADEEZ S HBATBEOB LA, S EROBEEGIR L I
B L7, 22T, MEOOEEERETHBICRE LERT 2. ERAR7 PvEes
2NN 2 DFEREHRIE, POFEIEA ZIERREGPOBEINTE Y, 2FmIZa R,
FBFICAT 2 L7 Ths, Fl, RBEICBESVWTRZA. REETIE, ABICAZ
A ICRRE L, FOERE 600nmDFHET7 4 VE — 2 HWT, EHEANRZ MVEEL L
ADMEEXRE L. F5 v 7 7 A THIBEL —F — SV ADASF T AV F— M3
B EERANRY PIVHBI SNV ZADIEEIIME 25D, TIGDFEETH L 5. 20720
AT AV F—IEIAFEDD 2\ 190 ul /pulse & L7z, EFEARZ MVEHAENR/VAD
SHEEILERE 600 nm IZ2B VT, K, WELREDE ST TN, 28 X 104 W /m?, 1.2
X 104W/m3ThHolz., MEINDERANRS MIVAGBK SV ADNAFAZ, K, HEL
REOBEFNEN, 44X 10251,2.0 X 102 st Th o7z, LIVFOREL OV ADER
OMT & BMEITWL > X (Olympustt, MSplan 10x) TEIZE L7z, EHEA s FVESBE
N»x@%<®747}>%@%3Dﬁ@mﬁ+@®74ﬁxybﬁﬁﬁﬁéza%%#
Dz, BB, 74T XY POFEEIZOWTIX[53-55] SHBRICEHRE L Twab. K3.3()iC
RY L IZHEX SV ADAFBTERD T 4 5 AV MEEREN, INLEDT7 4 F X b
PEEL, RALL22HBEOERIIK330)L VK 100um TH A, HE 600 nm TDEH
A7 NIVEBE SV ADSRREHERE X, £ 1EORFEFON (1-29) (13002 H
W, KEMBLRZEDOBEFNFN, 29X 104 W st m3, 12X 104 W - srt-m? &
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B3E ERANS PLEEE VRO TBEIE N ES T T 4 -

<>
100um 100um

33 @EFEANXZ MVEHBESVADT 45 A2k

b, IS DEHEHEE X 600 nm (2B W THIXFIRE 1.3 X 10* K £ 09 X 104 K
DERDOEEIIAHE T L. § T AT Y OREIE3I00KTH Y, ZOmEIZBITLS T
AT ¥ DS NHEHEEE IZIEE 600 nm 12B VT 1.2 X 103 W st -m3 &35, ZOREE,
HEEANRT FIVEE SOV ADGHREEEIL S ¥ 7 AT VIR T29ERE , HER
AR7 PVEEL OV A TS VT RE 2.

S5, HEEANT PVEHBXSVAOREM I —L X AZWE L. M3.1D%FERT
B ZBICE SR, A7 v 708 98 nm, mABEINHEE 100 um @ ¥ V' F F(Physik
Instrumente Inc., P-915.67) & W T Ejgi & L7z, F > 7)) ¥ 7E# & 0 BUNTRE 2 K
Wkl 4.88x104cm ' TH Y, HE 400 nm I[ZHNLT 5. HESHEEIZS0Ocm ' ThHb., 2
DI B IZ I E 600 nm (2B W T 1.8 nm ISAHS T 5. L AMICE Ly FEF LB s ¢
HILIZENEOoNSE THETIZICCD A 2T (Xillix technologies Corp., MI1400-128)(Z &
DL, 7= 38—V Far¥a—sDRAEY) FIZHE L THEIF L 50 St
XM E&ELD, HEAT Y TOEIEIZ T L =2 AF) ET100/5V A5HEE L7z, X34
WEONATHESZRT. MLV EHEARZ PVEBESVADa —L v ZAEI3#H1.9
um T b enbhsb. WEL7ERANRT PVEBE/SVADAXRY MVEEBNS 3
t—L Y AR 13um ERHEIND. ZOEIIGFEDO AT FIVIEIK & Bt 2D 55 6K EE
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3000
2500+
2000- “

1500~ “ |

10007

Intensity [arb. units]

500

0 —T T T 1 T
0 5 10 15 20 25

Position of mirror [pum]

3.4 BEIFEARZ PVABXSSVADTHES

LB DEEILNSE FHSHRINEFS 74— KBV TESKE TN RITSERE T
HBHICHE T A EREIRFEDO AR VR CTHREENS 0, EEA XY P VEHBN
NVARFESHPNESS T4 —ORIBELTHEMTHLZ LD R5B. LI L, ERANRY
R VBB SOV ZADBEZ SV ABICEET A, UL, BT S T A T L=k
IIVADBEDOY S X, BREANRY PVEERSVABEOBRERMETEET H5AR L
DEBCHEHEELONLN, BEREHZIT) L EOREL LTHAHT 5 L THRTE
METH 5.

3.3.2 EFEANYT MVABNKIEE BV AREFMKEE

EHEANRZ PVEBK VA E AW REBROWEERER TR 351RT. HEE
K= FDaA{ T2y 4 (Cupro-nickel) & F$d (Alminium bronze) 2*5H T& T\ 5.
SREICRIEIND 7 4 Wy — % FWAZ LIZL Y, BRIEBELIZ, CCDAXTDFA
FIvr LY IRHEREL. H3.5),0b),c)i, ABEEETLILIZLY) CCDEL
TEHEDTFHBEELE, FORKERLES 2 MMV ELXRBERTERLTVAS. T2bb,
MRS I4 Y ETBOMMNAHIFTE LT, BELBE & R425 (o), IT], [Y] %
YOXFEDOLY — 7 AFHIE N TV S MYD 720 1K E O & A5K & WL IERE 2 #lE
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BT EEARZ FVEELSVAREOWETEIENEY S 7 14 —

PIT) S EWTE ol

g 2 mm

X1 3.5 (a).(b), (¢c) &l&EMEDIIRETHIK; F

333 EEEREFOERER

EOBREEE LT, 9, /9 —AF4 FT7 4 VLA HWERET-72. RO
E3d2mm X 2mm X 500 um (X3.6) THh Y, HBHYEVERREZ X— X IZELREH»E
HLTWA, 22T, AEEEEDSDOTEMETOAME L7z, SHmEITITRI ND
TANVE—zHwiz. [3.7Ga),0bikEFhEReEt LRt L -BoEmD
RENZEPOLHBONTTHBEFETERT. X3.8(a),b)EFNZFNERTH L LT HE
FOHMIE L AT PVEEE G A RO Ex LIRS LD E L TURLTWAS, Al
EAMHOMEISIE N E R L RE ORI LT A, R iEH R TH ) E
N2 O XBIHNT & 7o 72 ARSI & AR SIS T O I O EDE & A7 by
BREEDEWNDD A, [M3.8(a) &k V) AREME L KOO A&IZ 3.5 um TH S, T DFEITRE
KT ANLDET T VBOET GBI FEDOELGEZONS. M3.90a)E7 1V AHEHE
DERZ, 390 FONTHBEFTLLBEINIE— IV HEREARLTWA, b
DA S I IREEE O RS D 3 KICIAR & el %2 155 2 L AT E /-,
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\\ Rear surface

Green Dark blue

X 3.6 K (HF—RAFAF)

=
S 1500 -
2 1000 -
% 500 =
E O LJ E 4 ) L L
0 5 10 15 20 25
2 (2)
(=]
5 2000 Jonrrmresiiab st Nl Mot
T 1500
> 1000 -
§ % E—
= 0 5 0 15 20 25
Position in sample [pm]
(b)

3.7 (ayRtEBECTHZTEES O RERMAETHRTEES
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=z

H

BEEANY P LEEESLARBCEFHESRFESS 7 4 —

Lateral position x

Normalized Ofo

2.9 [mm)]
1

>

modulus
1.0

- 0.0

Position in sample { [(m]

0.0 P
@ Y
Lateral position x
0.0 2.0 [mm]
Normalized . -
modulus -+ 12500

1.0

0.0

(b)
X 3.8

Wavenumber ¢ [cm-1]

4 20000

(a) W55 DHMXEDbD) A X7 b IVIEE Z

B x LRSS CEDREE LTEHER

Position of peaks [um]
25.0

0.0
2.0 mm

(a)

Peak wavelength [nm)]
800

400

2.0 mm

(b)
(a) 7 4 VLAEHDORK Db Y — 7 E

X 3.9
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38 HEEARZ MVABKSVAZRAWETEILEINES T 74—

KIZ, BIREEX AV TESIHENES T 714 —DEERE LT, 5 —OHPY — I (Seiko
Epson Inc., MIOHPSIN) DMK & - eistE & flsg L7z, H\vw/z % 5 — OHP ¥ — b OFR%E
3101 RT. ¥ — NEBKTH D, #T—4 ¥ 7 RKEOE 1 BICFHES NS, OHP ¥ —
FOBBEIE, FELiFEEEHVZ, SREICERIVRIREND 74 V5 — 2 Hn.
SE DK EXIE6 mm X 6 mm X 200 pm TH 5. [€3.11(a), (b)iFEhEh, KEE,
GEBCESTEER Q)2 RT. K3.11OEMEABHOTFBEFOY -7 ZZNETNH
310 BT 2 E 2 BORA L BEOMEICHEL TS, SO LrbERBORERIIY
RumTHbHIEBbI5b.

First layer
First boundary

Second layer

M3.10 ¥ (#5—OHP > — 1)

2000 —

1500
1000 —
500 S

e L e

Intensity [arb. units]

0 “1 T T T T 1
0 20 40 60 80 100
(a)

3000
2500

2000 s naripsoreteapstotonyect Rty oon NIl s

1500 —

1000 —

500 —
0 ] i J 1 1 1

0 20 40 60 80 100

Intensity [arb. units]

Position in sample [um]
(b)
®3.11 (a)FEEMECHZTEES, OREEBMFECHRTERES
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®3E @HFEANY PVEHBRESVAERHWETFESEINES T T 14—

FTHEIHNETS T 74 — (LB B BAT XRBRRL 7 1 V5 — OFBIRMAE % ZERTHE
CBLARBAI2CTFESN NS T T 4 —IIB B BT X MREER L EEEREOBRE R
T, WHEB 74 VF 0L LTHRLEERTEEL, WBFEZLERBEEHZH VL.
T4V 5 —BORLEEIT 600nm & L, EESHEIE 500 cm 525 4500 cm T F TEALE
ﬁt.7{»9-@@K£U%ﬁXA7%DF%?7A®@%%®%ﬁﬁLQ&ﬂ%ﬁﬁ
SREEOBEE LTERLTWA, ARY PO MNES T LAOMMEIIBEEILL. 71401
¥ —DIEIERL 2 b b, WHSBRIEEL 50, BT SBERAIETIS - FF 7
OREARENTVSE. FHESHINES T 74 —OHEH LD, HEERSHERES 4500 cm ' D

BADEAT X MERROLMEIEIL 2.2 um, EHEEAS00 cm ' DFEDEIT S HRERR
ROEMEIRA20umE 25 2 LD TFRT 5 I LATTE D05, (TITHATE ) OFERFAIHS
nTW5, |

K3.12 FTHESHEPEST 74 =128 5 BT SEERF & AT bV ERE
| DFL—FF7 |
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38 EREANRZ PVABKSVAZHCTFEFHINEST 74—

7, ®3.131CK3.11() TR LAZFBE TOTHES 2 LB 0ELR L 7245 O gl
BTANT =L VMBELAARYZ VB MNES T LAEZRY AR EEB T 1 VY —DIEE
BE L, HESMHEIZ500 cm T ICRREL, 74 VY —OFRLERIE().(b),()FNE
N 650 nm, 600 nm, 550nm & L7z, TD& &7 4T — DRI K 650 nm, 600 nm, 550 nm
IZBWT, ZRFN 21 nm, 18 nm, 15 nm (2 HA 5. FL3KEER 650 nm, 600 nm DK T,
EEBORE - ERHICHRT 2 THEFTIHEOLN TV, HULEER 550 nm D HB T3
WO HERBEER»SDEFIIBELN TRV RS IAUIER L2714 VY —DHRLER
EEBONMEBEOBBELTTO Y FLAZARYZ MO MES T LADOTHEROMTEZRT.
W 520 nm 25 700 nm DAY F VAEBIZBWTHWA 74 V5 —OBIZ 11 ETH 5.
HESSOmMmUTOEBTIEIBZCEET,SDEFTFELN TV RV &5 bR DIRIX
DBEFERL TV 5., HEOBIREE QKT TORERE, T4 b b5 EHROFHAAONM
BEOBRBE L TURT I EATETVAS.

Central E d
wavelengths ront boundary Rear surface
(Width of filter)

Original 1.0

mterferogram 0.0

I'@) 1.0 4 . . . . - - ,
650 [nm] 0s 20 30 40 50 60 70 80 90
@ (21 [am]) .4 3
I l(z ) 04 | ' . . . | . .
20 30 40 50 60 70 80 90
600[nm ]
(®) (18 [nm]) 1.0 |
r 2(2 ) 0.0 : | l'
_1-0 -I T T 1] 1] T v 1] Ll
20 30 40 50 60 70 80 90
(¢ 550 [nm] 04 1
(15 [nm] ) 00 A
I's(z) 04 A |

20 30 40 50 60 70 80 90

Posision in sample [pm]

K3.13 A~XRZ b0 MES T L BLIKE()650 nm, (b)600 nm, (¢)550 nm
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Rear surface

/ Front boundary
I

g
3
E =
%’é15_ /(, \
o = //g
2 10 4W@X'ﬁmyy ‘ ‘
§ 5 A%%%%%}/g?cl'@L’ 700 g@
el ) Y » 660 &
80~ &8
B 580
Osi, % 4o ”%ﬁé &
IISample[u 4% é&
ITI] Cj@

3.14 A7 tuMEST A (HEXE)

3. 1512 EHANRZ MVABKSVAZREE L, fEBZzHOV— 2 ZBLXDOT
KFEE % 5 Y6 25(Ocean Optics 1, SD1000)% AW CEHA L7-&E 2R, K& ) FHHk
NES T T4 =L EBORHBROMBOZ L EITRINT VB,

©c o o =
S N oo o
| | | |

o
)
1

Spectral density [arb. units]

1 1 1 T T T 1
400 450 500 550 600 650 700

Wavelength [nm]

[3.156 KRB ZFHORMZERT 5 HOTHEE
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£3E EHEARZ MVARKASVAERBWATESBINES T T 14—

3.5 ®BE | |
RETIE, EHANRT PVABKE VA EACLTESRNES T 7 1 —FER 23 ME
L, RBOBRE G HRIEREEET 2ERBRE R L. THEIR I ES T 74 —DEFI
EFNHEATEEREDSHIBRISHED AT DIV THRE SND 2OWBOLWIEEZ
AWBLENSD. 72, L VBEBOBREBZL7-DICEEVCEEORESLEL 25, &
D7z, BES SV A X VR ONBEELGIEFIZE L, FHIBOEF LV ERE R RS b
VEER OV A BT, |

BERANRZ PVEEBR VAL, BEEPOILFRTH D, #i4 2 aETEEHIICER ¥
LHZLDUEETHL. WEDOLIAH, ZOWELEFREL Lo Twh, I OEELEN,
HEEANRT MVEBIESVARFRTAF Y H T 74 T L —F—DHIEE) & EREA RS
P VBB OV A S E DRI LB REOEEIHERE & % 2 5 b ELSHEE & A Ak
DPWEZR I COERBZICHDI2DI21E, TOEFEART PIVAEE VA DB 2 5E
FHiE, BHEEL, AR PVERBIUEXLEDEEILOFHEEZRFT L T ILENDA.

i
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F4E HESATLAFHECELS
FELENET ST 4 —

41 #E

PZIIAGBE — LD 2 RICEENVLEL 25 [79-81]. AETIX, EFIFHAAITREZ <A 7 1
VY AT VA ZRAVIREST LA TBE e RET L. EENT VA T CRIZ AL ES
MHEFLLOFHAASEFNCTEL 522 2 L2 MEV AT AEHVORT. £/, EAT LA
FTEEEAVATEFENET T 714 =10k ), HBoOBRE S RBEREHEETEL. §
42CTRIEAT VA THEROREI OV THENS. §43TIIERY AT L EARAFERORE
WRD 70T o & BREOHREHN O ESRERERT.

42 HEATLAFHETDRE Reference
— Microlens array
Xm>
Compensat . ' m>Ym)
_ L1 Filter L2 :
=
Amplified s Sample
Ti:sapphire >< =
laser - +—
SRV {E’ Translation |
P1 Water- P2 :
containing L3 4 (xs,¥5)
cell
S Spatial filter (Xf,¥f)
Analyzer
CCD
camera

X4.1 FESTLVATFHE;
L1,12,L3: L~ X, P1,P2 : IR+
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A REATLATEECEIATEIENES ST 4 —

M4 12 EET VA FHBET2RT. BIBENFF o774 T L—HF—% L XL1LZ
FORENVICERT LI ETHONLERANRY PVEERSVAZ LV Y A2 L ) FT
2T B FAFIC L ERANRY MVEBRSVAE, E—A X7 vy =128 ) 2FIC
SFoh, —FixvA 7Ly A7 VALY, ZRICEHIRICENR I NS FHIS R A
SDORENE L URAFEEEL, B4 270y A7 LA 2@8BL, L XL3ICL )2z

TANE—F@EBLLEKIEICCD Y A FHLET, ZREPLDONLEEET L. vf 70l v
X7 VA DERE CCD» * LIS EERTHS. AL LMHMICEE L, 50T
BEESLZRBICERNFT— ¥ L LTEL. 7, BREFERAVREES — NELTHAED
EHIEITLY, BEMELEMEIRLIENTES.

%w;%%ﬁ?b%?%ﬁﬁﬁﬁé§%74w&—@k%é;vfﬁnvy17v4®%»
BRI S DRDOBERIC OV TS, 9, HERT LA THFHOEM 74 V7 —-DK
XX 2oV THRE, BEOD, WD 150470y oW TEZ L, <[ 7
O3 X7 LA &R S SR C OO SO HIE A AR D & 9 1R &
% [84-86). 7:7°L, B L LTEIHEDL-DEELEZS.

-] Sl 2

4.1)

CIT, u BHRBEEZRTH Y,

_A b2 4.2
PR .

 BEOMEBELZRT. F2 MIiho TBEIE S 2 LIZX VEoN D RMENM OEEE
(full width at half-maximum ; FWHM) 3 [84-86],
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FAE REATLVATENCLIATHIAEINES T T 14—

FWHM = 0.043 —4 4.3)
1-cosox

WERDPEICEY D7D, B 74NV —OERIDBUTORZ /M TULENH S
[83,84].

M 4.4)
sin o

d <235
T

\\\\\\\\

EXi (851,

5fs3 4.5
d < ‘LA , . 4.5)

a3

LEITH, ZIT, f, BVUVAL3OEEERETH .
KT, HERT VA THEHIBU 5 HETHBERIIOVTHERS. AR MBI~ 1 7
UL VA7 LA DESEEND»SDORROBEOE R R ITEHETHS. = 2 T, Schmitt 5

BHT2. <470V X7 LA LB E R 2 BEBEORE L OFBEZd L $5. FE
BEIFABORE» LIRS 2z, OF (x,y ) IlHY, £ZTE, ¥4 70l Y XDELH,L
SETHNRTWARb DL T B, ZOEMBEAEEROIEKREM XS,/ f,, THY, FMif

1 1 1

2f m-20 2f 3 =f sy

(4.6)

~A4r7ulL s AOBEAKE P(x ,y )L, LYXOROETFREL, BREHIE1LT
5. COEBNFRIIBVWT, L oRFEREROHZHRI, v/ 70L Y XOEEE
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Xm>
Beam ! z (m:ym)

L2 Splitter|

scattering
medium

Point Source

Detector

42 FEST VA TEHFTOMAR MLA: w4 7 0L Y X7 LA

A A

Ys .
/ / x >

< —p 4 Il gy
2f m-26 2f 3 \ 4
Y
(s.ys) enym) (xryr)

43 S ERIEFR

47



B4E RESTUVATEHHIBATESHRIES T 74—

2L LR TVEND L. 72721, LIZD EDORFRDOYA 7OV Y ADEETH L. (x,
YO, (x,y )ETORFREEZ CHENU (x,3).U, (x,y) £T2 &, ROBRAHE
CY (2

U y (xf,)’f)=j ] Us (xs.ys)h (xs,ys;xf,yf ) )dxsdys . @)

ZITh @,y %,y 50 )1, REROEESHEBTHY,

hixsysixpyr:é )

j—m 2 2
ll(2fm-25)(xs +Ys )

= 1 X exXp
22 (2f -26 )

P exp{ i—R (xf2 +~yf2)}

1,11
(me —25) 2f 3 2f syn

&m2+ymﬁ}

(me-25)+2f3)y } ¢ }

Ls + 21 )xm +

b

(4.8)

Eh. R (48) LORERT VA THEHIB T2 ZEHEOREOBRRZ M T 5
TENTES,

4.3 EERGER
431 EBRIIXT L

RER T, REBKEHNCRZE L, BVWBEOBORA 70y X7 V42w L
L, LERECORBOERT 5 IZ3EHVCHOBDOYA 70 Ly X7 VA Z2HHT 5
VERH L. EBRICHW:ZIA270L Y X7V 4DE vy FIiE300um X 300 um, EHE
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Bad AT LA TR LB THIRLI ST 7 1 -

BEIZ10mm THDH. Y170 VAT LADARY MEZWHE 587 nm 2B\ T, 45um

6mm DT ZETHA. REHIAT v 7I&E 100 nm, T ABEIEEE 76 yum D TV FE T
(Queensgate Instrumente Inc., DPT-C-L) 2% & L7z, 2 2 CTHE LN 5 HRAHEEE 5.0 x 10
em! T V) /MR 400 nm (24§ 5. BB HEREIL 66 cm! TH L. Z OB R ERE
Z75E 600 nm 2B VT 2.70m 1SN T 5. LA MICE LR T EE S €5 Z L
INEONLTHMESIECCD 7 £ F (Xillix technologies Corp., MI1400-128)(Z X V) Fi#x
L, IvEa—Fl8X LTI L. BeudEtzntbaeszo, £X 7970
W 7L —LXE) FTHEELZ. 7VI A4+ L —%— (Spectra-Physics ff,
BeamloK) il D F % » 47 7 4 7 L — 4 —(Spectra-Physics f1:, Tsunami)® {7773V 2
J6 %, Nd:YLF L —+F — (Spectra-Physics ff, Merlin)if#c 7% > % 7 7 4 7 g% E
(Spectra-Physics ft, Spitfire)lZ AS T 5. HWIESN72L —F =30 2001, Ok ERD
800 nm, /)b ARERIWEA I 130 fs, #2 0 % LIS kHz TH L. HIES /oL —H—

DEMAEEL VR OKE 721 ZUE LR EE LV RIZEN L TEON L8R AXRY FMVEE
F NV A SEIRIZH W7,

43.2 KREMIRETE

KHEIZIRGHM O EERFERZ LT IZHRRS . ABOEFEEZ X447 . {RHIFR—-F 2 F
#a4 T, =7 )V (Cupro-nickel) & H#HIES (Alminium bronze) 75 T& TV 5,
REDORICE—L AT vy = 70L VA7 LA 2 RE L. FHIES 2 e s

4.4 Sk
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Intensity [arb. units]

Intensity [arb. units]

200

100 H

T T T
0 20 40 60
Position of Sample [um]

T 1 T T
0 20 40 60
Position of Sample [pum)]

®45 B s 2 iCOTHIES

46 CCD I LETOTH#E Ny —

100 pum

50 m

0 wm
4.7 R KRIILIKO B E R
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waE HEATVLATEHCEIATEHEIRINES T T 14—

FICEET AL ICEVBLNLZHOTEREL, SFHINROB SEREHAZ LN TE
5. H4512200R 2285 oBoNTHBETERYT. EHOMMZL Y, 5O
KIEEDON BRREZ > TWEDA LD 5, [M4.6/ZCCOELETHONIZTHH S5 — ¥ 2R
T, RIOR LI~ 27 0L VA7 LA TEX TESICHYS T 5. AHORSEOME
LERE L ORKES T — L ARREOENI TOATHRESIBLNTVE. KA
0Ly XOME TH-THBESORKRIBOHMNMNE L~/ 7 0L v XONME ISRE TRR
L7=b0%, H47ITRT. TLADFARIE, 35 X35TH5. 24 YRKEDMMNGH %
BIERTHERLTVA. [5] EVIRFEOTOES & XFREFHL TS, HOFRPRP
FTo#msiz, Tol, [T], Y] OXEFENLTWE, RECEE MDD 720IZKE {EH
TVBEFITIEEREIATI) SR TEah o7z,

44 #S

T4 —RRELS EAT VA THEICIR, HESARFEREAVL 2 EICL D FEREDE
DEBOBRL, A 70V AT VAZRAVEILICLNSHEOEREZH/L I LHPTE
5. X510, FHEIRIVNEF T 74 —ICEDE, THEFTE7 -V IHER A2 LICLYE
BOSRIEHD R ICHE S5 2 LT EEE 2 5. SOV AT ADFEEIZDOWTHEN, AF
EOBEBEED 7O, HBROEREANRT MVEAEL/ VA E RO ES AT AL D&
BOREIEREHE (Z2fIH > SV EEk35 X 3558) 2TV, @BMEERE Z 52 EE T 5
ThHILERL. BEMBEEE R L2BE, BETH 2EKRANY PIVEE/ NV
ZADHEDOW S XD, FEREFHESILOBWELIT) T EHFTE Lo,
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ESE THETEHELSREINEST 74—

HOE SEHETSAINAIEIZT71 -

51 #E

RETE, ERARZ PVEHBR SV ZAOBEEZERL L, THEET T oHEFTHY
THRTEILILE), BNETHHEELEFO 2 005 HETEI R INES T 7 1 — %R
RT5. PR BRHBTIRTAI LI, ¥4 F3I v 7 Ly V% KE, FHES
®E%ﬁ%%%%ﬁtéﬁ51k%5%&Lfméwx&7Fw?%&m%dwﬁ$%ﬁ%
FNEZST 4 —TIE, BEICRTEHERESUEREHMLT 2 2 EWUETHS. T/, &
EHRGHETETLNES 57 4 =Tk 7 — & BB OEHFTEE L 2 0, WIETEEZ
RAT X ITIRBIRAE 2, §52 T 2005 BBETEGHINET T 71 —2REL, ZOR
L EEMERICOVTENS. §53 TREEFROVETEIRIES S 71— 12k
5RBINEEDHERHRIZOVTERS.

52 HEETERXINETTIT1—
521 ANRY MFHECEIKHHEBETFEIHXINET ST —

ART P VFBEICESOBISHETER N ES T 7 4 —OFRBIZOWTERNS . BFERIT
ANRY PNVTHBEEERIS, Rae -V AREzRO~Y A vy YEITEEE THEtom
JENCEE SN DBEF LR Lo TWwE, ZOFNTIE, KFICEHEREDERA Y
MVEEXSVAOFIAERIRE LTWA, RIS L 25 I TSRO —FORiICE
{. B 1 Bmh50BFRTHT I/ -d L, SBUEEICL ) RIEEEEO—FIICHEAS
b, COWMPEREE 25, TOXHI, BRE» OO E HE 5 OREHEE 72135
FHEXETHINTZEGED) LTOATHET L. DL eRESZTRAL, KRED
BECEFEZH I LICL), MBBOFAFIv I LV VEKE, BT EELT
I EMNTEL. RIZ, RBORIT ZFHRE MR IO ABEREHE T 555 0BEIZOWT
BB, FHEROMME 2L, FERERICBCTHOEROR R 58k L /@l wmiix 5o
TANY—FErHVE, ZIZTIHE, B2ETHERLHEIRE o @) DEBEKFELERL
a (z,0) &34, BMEBELOBEBRMAMOBERICBVTZHENLKOBER, F2F
X (2-12) kD,
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Reference

Lensl Sample
White-li ght@
source Cyrindrical

51 SEHETHEIENEST 74 —FEBHFER

X [1+2{+ a (z,0 ) exp (2mioz ) dz +I: Iwl@ (z,0)) exp[ -2mionz Jdz | , 51)
Y %b. 22T, § (6)EHBEOANRS FVEE, 2 ZHBOB TOSREOLEE T &
Y LMES S OREE, o W ZBIE, I OBECHBERZERT. 7,4 (2 o) X
fEL7-BEEEEE L, BBIKER 2 ZEB L. CORFEHEEE 7 1 vy -2 AT
B L otBREMET 5. 22T, w, (0) (n=1,23,.,N) eHLEHE»F o DR
BBER LR T AN - T B, I (0) ZaBZHOHHT 4 Ly —IZX YMBE L/
EANRY MVIREL T A, BEANRS PVEER,
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I,(6)=58 (6)w,(c) (n=123_.,N), (5-2)

CELZENTES., K G- 2 52 AT BEIEICLD,

+oco

X {1+2] a (z, o )exp(2roz ) dz +f Fau[fz\(z,d)] exp[ - 2mion z | dz

-0Q

(5-3)

b, TANE —DOFR W, (O)FRBEOFERS (o) LEEIRE 2 (o)L ) b +5/hS
WA, a (o)X 7 4 VT —OFBRTIIERICKEES, chta, )EEL. Z2T,

a, (z)=akz,0)lo=0,, (5-4)
Thab. & 54 #3 5-3) IRKAL, clCELTHE 7Y IEW|T A LITLD,
FTUI , (o) =[| T2 )x wa @)]®[6 @) 43, @)+ Tawlan @) . -9

LB, ZIT, FTO[ 87— T8, T (@) BB B DM w @)’ (0)
D7 — ) TERTH ), @IXBLALES, 6§ IDiacDF VI HEEK 2EKT. T/,
DO ER =1 ZINE L7, AUE1HIEISHEE D> S OERKS, £ 2RHIIGH L3N
7o RELRIBICHBI L, S z OBRPERE 20z D3 4 VEBTEREIN TS, T72,
£ 3HEIIAHOMELROHMEMEEE TR T. X (55 L0, ABORT EERE DHFE
MEELER L CHEBNERIELI I LS TELILYDL2AE. L2 L, ROTHZLHE
757 4 — L RIS, BAT E HADREE L AT PVIREZFERICSO AL I LIXT
v, F2, COFETEE2ER (2-13) L0, A7 MVTEEEERRICHETREZ
BEROBRITEE, MEOTFBEREBFOERR TRESIN I BEHOHRTHRS NS,
72, H2EX 29) BV THARBEOSIMEZREL TWaH 70, BREOME & e
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ES5E SDPETESALINESS 71—

DNBIZHE*522. 20 22008AD:-®, LB EEZBWIZEEHETRRRRKD
BT X IZHIBENS.

522 EEARPIEBETSAKXIETIS 71—
EEFRFEETHEILFES T 74 —DEBRE ZOBFLBEFIEIIOVTHENS . EFE
FRSHETEGFH TS T 7 1 —DORFERIIANRZ MVTHEERBOLFRETH S
25, BB EREICH o TEREL, LAk BBHETINT 2.
NZHREBETHETREZERERY, o2 BB EL, 0,(n=1,23,.,N) ZRHEZHZDn
FHOWBECEONIERET S, HHEOZOICREE 1 ERICHYT 2HEDEE AL
BE, H28R (222) 2WERL T, REBOnFHOER TR LN 5 ERKS & RV
THESRS IR L O F 3B FTHRE e SR L OMEMBERETH Y,

de “(¢,0) exp[-Zn'iO'(C -zﬂ dé do ,

(5-6)

Yk, CORBBICBIZEAOEFIIHBFD 1 Hrb/B 06N 5, 5 HEDWHEHEIE
NOFHEFEEL, THRIEREZFRICEATYS,

RIZ, BERBFIEOV RS RUFOFERTHRAEET (2,0, ) I CEAREBZTH
W RERBEIT) W, (0)(m=1,2,3,.,. M) 2EAEKLL, I' 0 EmFEHDEH
MEACTRELE L THES L T5. EABKREIC L 2BELBEROTHE T,

N
Fm(z ) = 2 {'va (O-n)r (Z ,O'n) s (5-7)

n=1

Lhh. COBELETHERE, 62 BT HEET (VY —TRELE @)
(n=1,2,.,N) LHMTHY, 87 EHHREARBRERBIITR AR FTFEST
LTHDH., R ENT, FE2E23HTRRIUERDTEINHRINES T 71 —DEGER
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ELSE SHEFTHESEINETT T 14—

ARY VRGO EE T — ) TEBIZ L ) BIER AT 5 T A 2%, ZOHETIIHRENIC
fToTWbZ LTHL BRUBRLOER LA TOBTERET S I LITFBIRLILITS
LY L, BT E FMOBEETMESEL I ENTEL L L LI, BT ER L
EEBIENTESL. £/, BATEFRESHBEROFRHL ICE T 2RMIIEHTLZ &
BTEL, —HT, ARZ b MES T LADORBMREIETT 5. $/2,w, (c)=1¢ L
72E, RIBBOEZ S TELNLET ORI,

(3-8)

r(z)=f § (o) fH*(«:,o)-exp[-znio(c -z)] d¢ |do

f%%.:@E%d%%@é@$%%(4V&—7iU75A)ﬁ:y61~&tfﬁiﬁ
ELZLERT. 72, ROTFEHENES T 7 4 — LABIC, BITE FEOBEE LW
BorRee z FRFICE D 5 2 EI3TE v, BAT 2 O KM #5513 5615 O 7 3R T
END AKFETIIRATEHIMIER T 2 REZLE L T 5205, MIE e %% 84T E 113 R
B, 72720, SRTEBREEL -0, A2 EMICEELZ2ENTEE 21T ) LES
»H5.

523 HEBETFESNXNETS 71 —DESHESHT
EEFRTHETENES T 71 —OBENHEFHIIOWTHREIZERS. 2 2 TIREH
D1 HOBEDGEITRET 5. 5706 LB BUL T 2 1 B3R ICAS T 5 BV
720 OFHHEEI—EPOBUKHII—EL TS, NEORHETIAL-EF2ERT
AN ERET 5. ERUBORET IHEVEVICEMRETHL LRET S L, N BOME
BILENBONLEEXMTHIIREE | BROBELHBEL TVN ERLET 5.

53 ERER
531 XFERDIEM

52 IZEBKFRDY AT 2R ERT. TVIT A4~ L—3— (Spectra-Physics #1,
Beamlok) Fi#eDF % 47 7 4 7 L —4 — (Spectra-Physics 1, Tsunami) O 7173V A
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£5% SHETHEIEIES 774

%, Nd:YLF L —%— (Spectra-Physics {1, Merlin) Fi¥2F % > 7 7 4 7T HEIEEE (Spectra-
Physics 1, Spitfire) THEIET 5. B oHN7-L —HF =NV 2L, AL EE2 800 nm, /¥
ARERINEASH 130 fs, #20 R LEEEAT1 KHTH A, TARIVF—4W/pulse DL —HF =)
ISV A % S BEEE A5 10 mm, BALIOKE EA%300um X 300 um D<A 7L ¥ Xz AW T
P75 mm, HEE 5 mm OBREAKLLVHD A 4 VRRKIZEL LERAZ PVEE
SR %FBT T4 VY — I X YN SV A FERE L, HESEEIE 400 nm - 700 nm (12
BEL7:. BEEARY PVABR VALY VY X2 @8%, AL v Xk ) —HiZSRE
Fiz, 5 —FRABEAO—EFLICERLZ. SRED S ORFHE, 50 5 O RKEHE
BL YR E D PICT 5. SRR THE T AL EEEBTHILICL ), SR ENEE
BRa LS LTFET 4. EHhoREs I CCDE LIRS T 5. B VET
(Physik Instrumente Inc., P-915.671) % i\ 7- 4 Bh 4 E L ICRE L, AR OBENIH V.
VIVEFOAT v 7Rl 98 nm, HABEHELEIL100um TH5. ZORKBEIE LY ¥
TV IEETRE A RAEKIL488x104cm T TH Y, HE400nm ICHLST S, HES

Reference

Lensl Lens2

Amplified
Ti:sapphire
laser

Sample

<>

Sapphire Cyrindrical .
plate Lens Translation
Lens3
Prism
Lens4

52 SEEFESHNES T 74 —EBRAEFR
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EBH5E SEETESENYEST 74—

REEIE 50 cm ! TH Y, WHE600nm IZHBVT 18 mm ML T 5. FiEskLKid cop
#1 A J (Xillix technologies Corp., MI1400-128) (2 X D2k L, 77— %30 > ¥ a—F{l8%
LI L7, BEXWNMSEZMEIEE20, HAT v 7OEBITT L — 24 A F) ET100

ISVAGRER L.

53.2 ESWHETLLOLERER

MELZZV AT 22 BCT, PHBETES R NET T 7 4 —OBFH T ERD ER
2ol FEBGHRYET T 74 — BB THETH I ET T 7 4 —DEFHHETL 7 ]
LERBEREZRT.

FFIELOIRIBEBOMEIFE LR, BMHEIRERT 126its DCCD 71 Y ¥ L
A 7 (Xillix-MicromImager 1400S) %37z, BIEPRII—HEHEB ML —3 ¥ F_—)3—
D10mmx 10mm DHEB%E & V F AT a5y 7 7 (AREEFLE, LUMINAR ACE LA-
150SP) THAMDH—FRICHEE L2box v, 1 MOEER % ST % BEEEHIZ 100
ms [ZEE L, [ UAFEE TEE % 100E#%E L, €OEERELAHEERS & L.
Nmemmmmw74»&—%%w11%%%%%%%é&,%n%nm&%%%ﬁﬁ\
DIEEREZRARERFHS3IRT. 79 7OBEIITFHEETH 0, M RE
THb. M53%0, AERBELI/DSVEB CIERRBEEIAFEEELEZLIETOLE
HOBRWI s I OERTOR/FTRIL TIRBEF T - IIERB TRET 52 —E L NIV O
EVPXEMTHLEEZ LI LN TESL, TAFHBEIKE WEBCIHERERZ AL
FREDOFEFBITIFITEFAL TRE I LTb0rb. 2O L s, ZOERTOBRBIFIIN
FHENERGE AT IR TESL, $72, MS3ITREE LTERAZ M VEEES
VA EBWIZGEOUERBRORT ML VEERERZ S Y I AT o100 T Y 52 TDH 3
e, AFTBEOTF ARIIZIZRAIL, B TR L ) RELEEREZELHOZ LD D
5. ZomMBERCT, EET 1000EEL, ERO~A T VY YETHEFHINEST
74— BETESHENES I 71— OB THHEER TR L. GFEE LTy Y T AT
aFyIy7ERY, BEEI0um DY VR — VERBESETHEH L. THETOmE
IR RE L. 10EOBEDFEYMELZETRS L L, ZOEERELMERT L L
TREFNMETLRE RO, A7V YEIOBAIIHIEZERE L T1 X 50 MOBEBADOEZ K
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£5% SEHETHEIENESTIT71—

BT HESHHESTHOFII0TH Y, FEBO% A IR E L3 B 77 171235055
72100 X 50 HOFEHADE HIC BT B EFMEELOFIEIL863 &2 0, SHBETEHTH
NES T T4 —DHETIEE N Lb Ao 2 FUERICET HHEFEVICHY TS
i, 10EOEENHELXORENTRENLZ LD, 2O LTHEHHTRICIEIT—
HLTWBENW) ZEHNTEL,

® white-light continuum
B Halogenlamp
[ \. |
L1 : 1
(

(I
(I
[
i

i
|
|
I
i
{
I

Standard deviation [arb. units]
o
L.l ll

O =

| {
1 i
t |
1 !
! 2 3 4 5678
00 ’ 1000
Optical input power [arb. units]

Ot =

D -

~ 1

o - - - -~ -1
amod - - ~- - -1

53 HEFOHEEIFE

533 EREFOAERR
ERFASHETEILINESS 74 —OFRBHERT A72012, FIBETHWI AT -
OHP 3 — h DIk L A DREEIRE T o 72. OHP ¥ — b O, i, ROBBEE
FEr L, ZEEICIRINEND 7 1 V5 —0FRIZ AWz lE L7ZHBORE 500
um OHIREFTH B, F72, WHHFMIZIX 256 MFEICHHK L7z, R (-7 IZfEv, CCD D
AEZETHRUEIN-THESZERLZRZBEECRELEDYE, BEHMICIIZ NI FEL
72, 54 R LEENRELDENY FTOBEINLTHESOLBMOETEE R,
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Central wavelength

of filter
493 nm 570 nm
511 nm 593 nm
529 nm 621 nm
547 nm
E > 651
= 400 S
(9]
e 300
g
» 200
£
= 100
2
2 0
@]
= 0 20 40 60 80 100 loyar P
Depth [um] }
Normarilized intensity — 500
1.0 £ 4004
é 300
s 200 _
0.5
= 1004
=
2
= 0~
@]
0.0 A 0O 20 40 60 80 100

Depth
(54 RELE L TE R om o
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58 mEETESEINEST 74—

ZEROE@AMEEFEMOTHEFTOY -7 3FhFhERBORTEEAOME I L T
5. BEEORITIUC L VREBERS, S DEFIBELNTVEW, F72, REE L ikE
BOBERFESLRFEDORERDOEIRNENEET L L ORFEFBRLN TRV E
BREIREEDEFHTOSHERSIABHNOMEOBEEL LTRTENTVE Z Ebp
%. HLLEEAT493nm, 570 nm, 651 nm DIFE, &3V Figh o FRINL BT E HMOS
AT ENEN 154um, 143 um, B3pum TH 5. ERIZIVFELLTHBESLLELN
5BEATEMERRIIERBELFAEETH L. RERMO 2T Lo RAT EBERFPILA -
TWAD, CHUTEBEA Y PVEER VA DSBS OE S FRIOZEWIZ X 5 HEIIEICX
BBOIFIVERTH L LE2NL. E/2, RS5SICALEREARY PVEBH/ VA EKL
%tb,ﬁ%@,%ﬁé%,ﬁé%%%ov—b%ﬁﬁbt%@ﬁ%%ﬁ%ﬁ%%«kwa
Optics#t, SD1000) Z AWV CEHUl LR Z2RT. L OV TFHEIRIET S 71 —12L 550
HAERDOFHE DR BEATRIN TS,

-
()
|

— Dark green

Spectral density [arb. unit]

T T T T T 1
400 450 500 550 600 650 700

Wavelength [nm]

K55 HEZEHRTLHEDOTHER
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ES5E DBHETHESEINEST T4 -

54 &5

RETH, THEF L TMET A TEEMICEERRSICHHRT 5 2 L0 L D ERA
K7 PVABK NSV AOBCEEERE> L, BWETHEELE S OSBETES K £
F74—FERELZ. T, FHETFESLINES T 74 —OBEEZHAL, 5EVETxM
BHEFHOZLRL. BFORI - VY ATHELLEBL T, BVWEaiiEFibzHo
CERFERIIYRLE 4, #BETESEINES I 74 - 2B REZIZEH L, BT
EER & FRFICRIERE RIS T 2 EBRER L7
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e EHEANY PVABKET L1 DREL ZORENRNE

EeE HHEANRT MLTLAXISIVADREEL
YeFpOEE

6.1 &

KREBTIX, v A 270l VX7V A ZAWERARS MVABGET LA ORETTEE
BEL, FOLFHBEOMEERIIOVWTHERS, §62 TIHERANY MVEELET
LA DREEFEIZOVTHAT S, §63TIHEFANRT MVABKIET L 1 O, Z2H
T — VY ADPWERERIZONWTERS.

6.2 HEEFANT MLVEBXET LA

61, EHEARY FVEBNET LA REFEOEXRERT. MIBSNLT S VY
T2 AT L—F =N ZAEIA4 7Ly X7 LAIZEDEECEERPIZERICELT S
I L CHEBEANRY MVEEL VAN T LARICRET S,

A . Mode-locked
rgon 1on Ti:sapphire
laser —» laserpp .
Water-
containing
cell
y
Nd:YLF Regenerative
laser P  amplifier
Microlens

array

K61 #EEEANT MVEHBGET VA DEE
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FoE HEANRYZ MVHBNET LA OFEE L FONFNEE

6.3 EER{ER
6.3.1 EHEANRT MLEBXET7 L1 OEE

TN Iy A F L —H— (Spectra-Physics ft, BeamloK)fj#cDF % > %7 74 7 L —H —
D)%V A (Spectra-Physics £, Tsunami)%, Nd:YLF L —# — (Spectra-Physics *1,
Merlin)fh#e F % » 47 7 4 7 HilE2%EE (Spectra-Physics £, Spitfire) |2 A& 3 4. BIE X
N7z L —F =K OV 2%, duiiEREA7800 nm, 7 ¥V ABFRINEA 130 fs, # 0 K LS
1kHz TH 4. WIREINZTFF¥ o774 T L—HF— (RN F— 7000 /pulse, ELE
S5mm) %A Z70L X7 LA (Nalux Inc. No. 10, £ rifi#f:10 mm, € v 54 1 X : 300
um) % HVTHME 7.5 mm, JGERE 5 mm OEMA KL VRO A F 2 3ZHKICE BTN T
522X, 00O NIFER, DR A EREANT PVHERFET LA 28E S5

I L7z, w1420y AORMZIEAETH Y, EROESIE2mm TH 5.
12D A7 8Ly XZAET 2L —HF— KO0 ZADREEIZ#) 4 wW/pulse T - 72. ASHH
L — =V A DZE I R SREE AR DAY —PEIC X 0 AR L 72 kE 2 7 bV B EGE
T LA OWME, PHBEEILT LS T L2 L H—hdi A~y VARG
FET LA LI —alE s oL —F— s vAaz<f 70l v X
TVACARTBLERH L. M621ZHEB S NIERR AT FMIVABIRET L A G5O
HHE (4 X 4ME) 277, SHmoOBREIE, 300 pm, B 10um CHEETE) TH 5.

6.2 A INIERANT MVEESEET LA
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Sk

6% HEFANRY MVEBLET L1 OFRE L FONFRE

AT MVEENIRT L A OB —GFEER OGS 2 BRSO R 1T L
7z. P 600 nm TOMFE A X2 N IVE GOV 2 D5 TR 1L, 1 =0 BKES O
A (1-29) L(1-30)EHWT, 1.8 X 10 W -sr - m? LEME XN, HE 600 nm THO5Y
FCGHERE1X 10700 K O BARDHEEEIZH YT 5. ¥ ¥ 7 AT » OFisE 3700 K (2T, #f
AT P VHEBEKET VA OR—HRERIEVEFEELZFEOI L b o7,

RIZ, HREANRT PIVABNIET L A ONFFEEE Rz, 9, dii A7 PLrAf

FEERANIE OB OB R Z R R OBEFUZIL, FEEIEA 10 nm DT 7 1
V=% iz 3okt v o AT ONE 2R R e BER TS 7 7 AT
L=H =NV ADZANF =% I T, EhEA RS MVEEN OV AHFE L g

LD BONZEREOGREERT. ML) T, BEEOROHHFHOERIINE L, E
HEROXTIE, BERIIKELS LD EDDRDL. /e 2 HEE(HEILE — V7 RED o2
fii)i%, 700 nm, 600 nm, 500 nm (ZBWVT, ZNLN27 um, 16 pm, 12 um TH5A. VA 7
0Ly ZOEFFRAD SEHE SN L RO EEIE, 800 nm, 600 nm IZB W TZFhZh 33

Wavelength

o o [ [ R

e[ [[[1]]
e [ [[]]

—_— t —+—+—>

-1.8 -1.5 -12 -09 -06 -03 00 +0.3 +0.6 +0.9

Depth [mm]
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EOE HEEANRS MEHGBNRET VA ORE L ZORFNEFE

pum, 25 pm TH 5. F/2, EESSTmmIZBIFB ARy MRIZIELZ LIZED 45 um TH

H5H. T2, BEHARZ PVBBXRIET VA OFBEEZEDOEREFZIIHLxBL, FWwWY ~
Fae¥o., 0O ki, Brodeur S5AERE L 72X 912 [61], HIEREOXIVNE L2 EREZFEFD
CENLBETEL, 70, HEEORIIEVOR S THCER TS, —F, BEEOXRD

DUTRE N,

ERANRZ FMVABKET LA OEGEEZORLGIZ, AFT L —F =SV ADRLZ K
FLTWws., ZoOFFRIE, Skinner 5 [87] , Meyer [88] , Golub 5 [59] DIERL —FT 5.
7z, BEEZOBE RIS EHT A4S, 7L —L47F/3—T100/SV AL LEET 5
TRk, WMEEEEI%LTICHIAD D LASTE B,

6.3.2 B, TEIE—L > XDAE

EHRANRZ MVEBKET VA OE, ZHae—L y A0HEEITo /2. M6.4I12KH,
o — Ly ARERFERERT.BEI — LY ADREIZE, v/ vy TiEt %
Hwi:. ZHREIIFEEL, ) —FHD#EIZ Y V% F (Physik Instrumente Inc., P-915.671) %
FIR L7 BB LICRE L. MEEBEORABEE LY > 7)) ¥ FEE TRT 5 R KK
$i3488x10%cm! TH ), K 400nm ([THHT 5. EHESMHEEIEI0cm ' TH D, KE
600 nm ICB VT 1.8 nm YT 5. REAMICE L VETEHFE IS LI NBT
#E5% CCD # X 5 (Xillix technologies Corp., MI1400-12S) (2 & Y F2sk L, 7— ¥ i3/ $—
VFINA =5 TEE LT L. BENMER A EI €570, ELVRFDOER
Ty TOEEE T L —LAFY) ETI0NNVASDEE L. M65iE, FEIDEEZEET S
LI DB TFERERT. ERANRS PVEERET LA DBE—FEEROI -1~
ARIEFH22um TH Y, BEWIEI -V ANFETHL b hr b, ERAXT b
VEELET LA OB—EERO R R FVEEK (400 0m-7000m) A5 Tk —L ¥ X
FiZ19um THb. ZOZEFRBEEZEDARY MABRLBREBFOSLEREICL L EE
ZAAHZENTES,
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EoE BEFMANRZ PVEABKET LA DORE L ZFORFNEE

lzlrlg olens Beam Interference
y splitter filter
Amplified Koster
Ti:sapphire [ > o e =i prism
laser = : :
Water- B
containing :
cell
: CD
Mirror o I -3 CCD
Beam
splitter Mi iTranslation
irror
6.4 B5RE, ZEIv—L ¥ RAERESR
2000
.
1500 —
1000 —
500 —
0 -T |} T I I 1
2 4 6 8 10 12

Position of mirror [pm]

6.5 THES
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FOE HEBANT MVEHEET LA DIREL ZONFERFFNE

rAY —71) X L (Késter prism) & F\V 72 AT & AT HEHI & D #EfE A7 PVEEN
BT LA DOHWFEEZNZEMae—L ¥ A% HIE Lz B R EZOS D S O
ETFH 740y — (FLHEE 632 nm, FEETE 1 nm) Z#@E#L, 725 —71) XLIZA
B35, ABTL7ZREIE S A5 =7 ) XL E D BE SN, —FBIh D RENBICHEES
M, CCDM LB LTHT 5. RV EINL 2O, SIS R % 2 505 O
AL, THmTAERT S, X6.6(a), (b)IZZFNZ1 CCD L CTEUM L 7T #4E0 2
RICHREE AT, A EOMES A ERT. K6TIIEFIE L3 — LV Yy 2AELRT. K67
ENae—L Y A0 ETH Y, HEfg AT MVEHENLET L A hOR—GIRERN
L PICEWER I — L Y AT 5.

S 2500 A |

=]

S 2000 -

= 1500 -

g

‘w1000 -

5

E 500 A “
40 20 O 20 40 -40 _2'0 6 2b éiO
Two-point separation [um] Two-point separation [um]

(a) (b)

6.6 AT MVIET L A DE—HIFRERHAND
(a) TR /N & — >, (b) Wi T O 56 B 53 A

E et
é é&ﬁ
ST

Two-point separation [pLm]

X 6.7 HEANRZ PUVKET LA OB —HEEZENODIL—L v AR
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FosE HIEANRT MVHEHEIGET LA DORAE L FONFRRE

F7, AN PVAHEGET LA OB &9 2 DONFEERMOZER e - L Y 2 %
M6.8IZRT T Ay =T ) ALEZHWIEFERICEIDHELZ. Y G 2 2DNHEERE»
HM7EBEARYZ FVEABESIVAITZEA, T AT —T ) ALIZAHTLH.ZDEE 20D
DGR E R DL L HNICT) RLOAEZFET 5. 2 DOBET 2 GIEB O EEiX300 um
THb720, BFOHIE300 um BN 2 S5 K0THE %R 5. [X6.9(), (b)idF
NZENCCDE ETEA L2 THH/ Sy —vae -V AEEZRT. Ehae—L &
BEI309LL ETH Y, @l A7 PIVABGET L A DD G2 2 KOKIHEERB T2
o —L RAZETHIElbRs. 72, @AY MVEBEET L A 128\ T 3 fd
F72R T EONFEERDOY & EIR LM OFER T 1T o 2R, TOMmOLHEERHR O 2
L—L VAR EDIZ08SLLETH S Z & MR L.

Objective Interference

filter
ifi i Koster
Amplified e o
Ti:sapphire ‘ 3
laser U T

Microlens y ater-

altdy containing

cell

CCD
camera

(6.8 HEfEANT PIVHENET VA OBY) &9 2 HOZEM Ik — L ¥ AELFR

1.0 1

0.8 1

0.6 1

0.4 1

0.2

0.0 : :
300

260 280 300 320 340 280 290
Two-point separation [tm]

Degree of coherence

3;10 520
Two-point separation [pLm]

(a) (b)
6.9 AT PVHENIET LA OBED &9 2 OONFEEZRHO

(a) FiBfE /% — >, (b)akt—L v AE
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FOE EFEANT MVHEKIET LA ORA L ZORFREN

WIS, EHEFIZBT L THE Y — 28l L7z, K6.10(a), (b)IX, TNENEED
GI2REBVE) A RONKFEEEPTH 74V — HEEME: 1om) ZHEBLZOL
IS AREFICIER L - Fide /Ny — v 2R3, 72, K6.11(@a), (b)), BEVEH 200
HEFEOTHT 4 V5 — e R WIiGED, mAHE TOT /Y5 — > L Wi TOMEE
AT, PEEIZ400nm 225 700 nm IZHIR L7z, COZ LB A9 2 DDMIEERRM
ZHOTDINAHESFAET HZ bbb, THROTHE»OHRRKOIL —L ¥ A/
078 TH 5. LLEX D#EREAXT FMIVEHEBKET L1 DT L A EETORRII B2
Bloe—L AZETHIELEEWHL I,

(a) (b)

X6.10 DA (a)2 & ,(b)4 HEEORMBE BT 5T i

1004
80
60 -
40
20 |

Intensity [arb. units]

(a) (b)
611 BEYD &) 2 SMEOEMEEICBIT AT (TH71 vy —=7% L)
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EeEm HEHEANRZ MVAGBKET LA DORE L FOXRFENRFS

6.4 BSMUMAETHATTIVIICLZ2BENERIE—L > X0

[ 3 7 B VAT | (simple self-phase modulation theory) [69-72] % FIV>72%ifE
AL, EEAY P VEREET LA 02 OORFERMOEM L -1y A%
SEIT 5. BHEMBIL OV ASTFEECHS LIEL, 200747 ULy XITRE
BHETANT A LIRETS. BEFL BT 2 EMEDOBENCIVADESE, (E,
HIXEHCMHEERE ST, AROLIH BT LI ENTES.

E{(Eg t)=Epexp

xexp[i {a)ot BZ e olzgciz—exp{—Z;—Z} } ] 6D
ZIZT, T=T,/Qn2)"”ThHY, T, I A SOV R O DM OEEENE, n ) 138
BIEIE, n, SEREEITE, o, IARAKE E, IBHOE-—I7MEEZRY. ZC
TIE, AFH/ SVAOBBERIET Y AR LRE L7z, RIZ, E— 27 BEDREL LB,
E,(aE,,t Yk%x5h. 22T ad3EHTH Y, 0<a=1%H@T. 12DV AITK
T5200BBE, E, OFEFI— LY AERZTHROI VI FAFTERL, kKX
DEHFHARTES.

P 12(7 )= exp[-iw o7 ]

400
2 2 , 2
j exp -#}exp[-(t%z)— exp|-in 2|E 0|2w+zexp —2#} }dt
X »
o0
j exp[-—ti} dt
- T? (6.2)
ZIT, TIMMEERRTHL. T, b FUTOL)ICEERTS.
b=n,1E,Pw,zlc. (6.3)
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FBOE EHREANZ PVHBRKIET LA DRE L ZOHRFERFE

CIT, cld3ETH L. ERANRT PVHEBKET LA DBFEERDANRY P VITERE
HEI2iX400nm F THAT> TWE, T ehd [HELECMHERER] o 1-26) &
D, $R¥ b 13#5200rad LHEETE L. K6-12 (2) & (b) WCEKMBEFEICL B/ o -1
ABELNMEERY. RO, MEERRT=0~L L. BEIE, BEL—F-1
VRSV ABIZEB L TWEDT, E, CHLTEETFHEMLLEYVD L. $7-, &
FEANRZ MVEBE SV APEE L TVLERORE S bV ABICERT5 I 02
NBE HEL) 20DFELY —F— KV ADBEEIN/NIVE 2, EZHae—-L Y ATE
WZEHbrs, ERFERILEBLT, [HREZECVHEEHER] 2RE L725e, BiE
FREICLVBONEae - VY ABBERER L DS v B BUENFHEICIE, BE&
W, HO2WL, FFMERBITROBHNMEZR T ALEND L. [BE B OUAEHE
#1  (more rigorous self-phase modulation theory) [75,76] i LRL OB R ZR L - EHmTH 1,
FLARZ PVOFED I LT, BELECMALAER LV NS OEIELR
5. ERMEBITEOBEM L EOMEDERANRS FVHBKET LA ICBIT5HWER 2
E—LVYARBHEHT S ETEETALEND L. LI L, TODITIIRRE, ZEICKFL
723 RTCRBFRAEZMLEN DD, BENLZFHHIIES Tk,

— 11-a%1 =000 — 11-a%1 =000
----- 11-a1 =002 e 11-a%1 =002
--- 11-a%1 =004 --- |1-a%1 =004
--= 11-a%1 =006 —-- 11-a%1 =006
1.0 —

2 ST 10 - .

5 084 U PO =) s’

5 sooN T S 8-+ -’

2 064 NN T, = , .-

8 \ o ) Q 6 -’ /’,

qa 04— ‘S _\s.__\__- § 4_ ’/ le

3 02- Sl e e

& LTl

g 00 T T T 1 0 ey | | |
0 50 100 150 200 0 50 100 150 200
b(=l’l2|E0|2a)02/C) b(=n2lEg|2(Doz/C)

(a) (b)

612 BEEEIC L BEEARY FVEHELET LA OZEEIe—1L v A
() I —L v AEE, (b) {V4H
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EoE EHEANRS PVABRKIET LA DREL ZORFENTFN

6.5 &=

v A2aL Y AT VA RAVIERANS FMVABRRET LA OFREEZRFELZ.E
AR PVABKET LA O RFEERIL, SEE, LWl KREIe-LVY AL
Vo BB EAFOI L ER LA, Fi, ERANRS PVEEKIET LA OR—GEER
FEVWERIL— LY RAEFTEI L EERTHEID. 517, ERANRT PVER
RFETLADIIEALETOREEEMIIOIBVERI L -V APHFRETIILEE
BRCHEDD. 2D L) REFARS FMVABRET LA DOBVWIL— LY AIZL ), &
BEARY M VEBIET LA 0 TORRER, BT 3% 1 DOMIENT 5 C
EOTEETHA. FOEEITIDLEORELD bIEE2ITHEEOF 2 K0FE L LTHH
THLILNUEELE LY, HARGHTHATAILNTEDEELLNS. T2, Ei
ANRZ PVHBRET LA LB A2EEONFERCBRT 5 2 LI L VA LT HE
IR =V BB ENTEL, EEAXRZ FMVHBRET LA DEWERMIL -1V YR
DERMBEIIIEREARY PVABESVAREORRE 258 TOEREEEL, &
B, ZZRNCIKAE L7z 3SRLHE RN B LEDVD 5705, BUENLFHEIIAFS TE%
v, LaL, @AY PVABRKET LA OBVERaE — L Y AORRDHERILE
AR P VEHBR NSV ADRERERLZORFHEEEZFARL LTHERTHY, »
COPDBERZI) AN/ BEEZITILEFD 5.
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ETE WHRT1— Ny 2V RAFAIIBTAERERSR

F7E UHHTa—FNy I XTFLICEITS
FEST RS

71 #%E

1 ETRNIEREANRY MVABR SV ADREEIESTEL L7145 A MEEEIZ
Co, BARFICB W TIRRBERD OB IR AP EL ), ML Xy — V28NS
ZENBDL. DI RBREIIFABIT IS ZIINVELTHONRTWS, hF AR T T
7 ¥ VITEB T LIIEFEROBAICESVWTBY), MELERORBICL > TEETA I L
BT E L. AETIE, ROFOEFIE L FROEREEE B EFET 41— PNy 7 VT
LERAVIERERRBEESEERET 5.

§ 72 CTIIFEMEREEHMBRICOVW TR, § 73 TRIEFIHKT 1 — PNy 7T AT A
DWTHEHT 5. §7TATRBREREREERTLINT 1 — NNy 7 VAT AL EDERKE
BIZOWTHRS,

7.2 FERRFZERRR
RERICHREHZTHVAT LBV IFEBEIC L ) EBES RIS BV
ZYHIENLCALNTVS, 20X ) RIRAFBVIEI RIS A EHREN, L DY
PO IO T WA [9093]. F72, hARE L HICERWZECHUEEZ D7
T2 5 VEZ [94] BROND Z LN, BFEND L VIIEEE L TIX, Y AT 208
ZHERDOIRSFVERLAT 5 IEHEMO HFRAEH ZLIIRETH L. 20720, FEH
Tt AR FEE 2 BRI L2 A RO TR S 5. BB 2 1 XLES HREN
i,

xn+] = f (‘u"xn) ’ (7—1)
Thb. 22T, fIIER x 3FEBxOnFEEHOETH Y, pldix—5Ths.

HFRARLT T NVIEEELRIEREEBROBROBELICLDVERINSE Z LN bh o Tw
. 2RIEAFAZERTHEBOHF L LT, BERER [9596] IZ2WTHBHT 5. B
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E7E HFIKT 4 - F Ny 7 Y RATAIIBTLFEREES

RIBZ f13 2 ROUOFE > 5 FENOREMIEAFBHERD DEEZRTY, Mk, IRL2RE, 3
NEAEIT, BNERFEPOH T AI3ERYT 5.

f DR, D={(x,y) ERIO=x<10=<y=1}. (7-2)

ERRNEREINAREBELRFRED 2 20EEEH Y, siFRELHTL @) IZRL, KD
THICLDERT .

f (HO):B:: =:g (1)9] [ﬂ (7-3)
”Hl)‘;::::'oa S (7-4)

ZIT, 0<a<I2HDb>2TH 5. BHEEGOMGTREIERDOTH 2 HEOWHV, =
{)I0O=x=a} ITEBRL, WH ZHREOFHV, ={(xy)I1(1-a)=x=1)} IIERT 5.

fH) =V, (7-5)
F@H)=V,, (7-6)

WH I EAOE, 180EHESNS. TOEREEIETILILY, KEHEICH
¥ b —IVEE (Cantorset) LN D, BIRBIMRELRALV, LV, e ENENERE
EAMH & HI\CERY 5. 72, BHEEROBRKTEFRT.1 b) IR, BRIRED
HENRDR Z R .

O MR IS N -
MR AR
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BT7E FFPET1—FNy 2 A7 LB AIERERER

v,

Y A,

NN #,

sl

~
o
N’

v
v,

.
v

NN

NN

~
=

(b)

<
=

iy

RN

K71 BEEEED (a) GIARE (b) BIHRE

ERMEHOBTRES 1T, BEFAICH Y b—VESEZERT L. 8512, BERMOM
TRBERTFBED 2 DDEHEDAEREANE, fEfIDTXTOREDS & THEEDIZ

LEEBTNTOADEETHY,

A= nf2D)AfUD) AD Af (D)AfED)A---

%5, CORDESIIHMRELHMEDORATDOEREOLETTPOMYLoTHEY, 20

DAY NVEEDELLS.
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B7E WHHKT 14— FNY 7 VAT LIBIT LIRS

AIEA T & AZ 1 18] A5 2 [a] B8 3 [al

72 BEMERICLIRERE; @ WAKE b) BITKE

K2, BEREROERS LIRS 2 F5TIELRENFECOV TR . HMEER
XEMDADEMNIES L 5. BEEEZO 1 BHORFREIC L ) AERIE, 2°0
WEOEFHKV, VICERESNE. V, 3EHLMRORFHTHY, V,IIAICHLHEE
DEAETHS. 2REOMBEREIZLY, V,, V34 DOMEORALEZERT 5. T

SEEDNPORIIV,,V,,V,,V, L INVETET S, IS, nBOREL 2 EORTTE
AERL, BEOEIZarTHE. HEDTHED T AIAFHTIZLTDO L 912479 . BIEDOW DS
B EAFREORLE YVEICHNE, IOEFEOSTNIVORNIZ 0 2[F1T5. HiZdbhid, 1

EAATIZS., TOL)IHEOHICZELADRETOEEZE YK TS,

V S 18 2-8.p (7'10)

ZORFEER, nMORBEIZL > THEOHD - EH MW LEEE 52 5. Rk, #&
FREE, nBORET2"HOBEORAECERL, EHOFHSE1/b"ThHS. 22
DHEDHH, HHb, BHRE 4 0OBELEAMEERL, TRLETHE EITH
o> TH,, H L9 VI35, lEOHO T T, BUEOH I BAE

FHEOHRLE D TFTichnid, IOEAFEO SRVORFNIZ0 21T 4. LiZHE 1 247
2h., ZOXIIHEDTFIIZEADLETDOREBELE VLTS,

H

01’

H

11°
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B7E WHIHTA— KNy 7L AFHIIBIT2EETERS

H SoS 1St 0 : (7-1\1)
B B & %5 AR & D 3t@ER s, MECERICHE CREFFEE ) HTS L,
St 8281505185250 (7-12)

s, ZORBHEIAEEEND 1 HEERT AHEOH LEEOTOINVERL, I
BEENOHEERETAI LN TEL. MIEDLEM (sos152-5,---) BHERDW
H g5, DITRVTHY, EB(-s 525 EMRDOTY 5,50 TNV HiEE
IZEVWDDTHS, RIZ, T6LEMBRcERATERT 5.

O(s)=(Spn-5251505152"5n--), (7-13)
Thbb,

o(s)= 5, (7-14)
THhs. MECERCESEFHNOZERTOTS LERZREERFUEGRIIGICHERICS 2
[92]. FHED & 312, BEEOREESIEEOF L 4B 0% £ 0 BBIE O 6EHS 2 6 5
DL oTWE, ThoDIkBERGIL, EEHETITNNVATIT SN, BERERIZL > THAE
EED1IRIEITHLERIZEoTBEINEDL ) —DDOAERED 1 HIIBEINL. L72h -
TY o LERIIBENER L Rk, DA NOBR2EKFELRY. ZOWRE, —H1Y
A A ADREEERT AN LALRINS.
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BETE WHHRT4— FNRNy 2V AFAIIBITAIFEERS

AHEAEIR KAR 1 (|l AR 2 [l

K73 BEHABEGOTRELETKEONEES

73 WHNXT 1 — KNy TV XTFTL

AR, 7575 NV EOBRERBROFEITIIFTERIC L 2 BEFEOMIC, 71— F
Ny 2 VAT ADERTHD. 74— KNy 7 VA7 LAIFEERELZRHRL T VAT 4
ThD, ZRLBERAROER, BIFCANTHL. TVIA—FNv 7 VAT 4, T
VHAGZECRTTFA AT VLA POERENS[9798]. TVIZ A4 — NNy 7V A7 AT,
BREXD 2EBEOEFICLVEREUETL. CRTTAATVAETVARXTDODEDE
FRZIRFEMIIT). 72, TVIATIRHLCRT T4 ATV A OEDEFALEIELR
AT, BERICES2EETA2H5 TR, BFEHTAVE—RL VX, 37—, KFR&
EERWT, EFEBIIET LI ENTES, T2, BEXWLETSTIE, T4V %
Vo T FNTaEyH—RFRT VT EOBREERRZHEAT S Z LT X ) FEKp
OB EIT) CENTEL. TVIA— PNy 7 VAT L VT, MRl &
BKCEBIENFRESNTEY, 2RENFERD T 2 IV —F & LTOFIAPREI LT
% [97-100].

L2L, TVIZ4—F Ny 7Y A7 41, CRTTA AT VARROBEREIGER Y 55
FAtEEER T VESLBERDBRME 2 ED 720 B OTHM LR IHIRL D % . EHE
AFBRE LRI L2 BHE LT, ZEAERARTFEHVE 2 LI2X Y, ZRERILER
RiE% & B EHNTELREWTIMBITRELRIET A — NNy 7 AT L2 RET 5. 8%
BCEREERT LI LI12E ), B EOTRTOEIIT— ¥ ETOEFME,» > BETFILEER
LTERTAIENTEL. LD o, 74— KN 7 VAT LATEHBET—5ELT
EREEPAEBGE AV, 74— F2Ny 7 VA5 A OFRE % £ O iEh & L 7- B
REFNTHA. T2, T— Y HEDERMEL, ERICESCAARABIVTT7I 75 VBIR%E
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EITE BHRT1— FNY 2 VA7 AIIBITBIEREHS

AND ETHETH Y, KOLFIE, FEN, BFREE L Vo FHEZ Vi LR R 2
BBROFEEL L UBITAWEEE 25,

7.4 FERIER

2RILERTH 5 BHAESRY 2 DOXE X AL BBREHNERET L ERAERDS
BAHKT A — NNy 7Y AT KX ) RFERICER L2, ZRRAKRETICIR, £/ 2-F
FIE R) ICX VRS NEFERRER T AVET F L ABZEEERNETF, LAPS-
SLM (Light Addressed Photoconductor and Smectic C* Liquid Crystal Spatial Light Modulator) [101]
% B\ /2. LAPS-SLM OBERIHEEIIK 20 x20mm? TH 0, FEEIIH & 0 7 ETHRS 200
A/mmTHb. MT4ICERY AT LOMERERT. JEE 1,20 2 DORBAFRITEE
BEGOR FRBE L B RBITE L Twb., BELFERIE, BOWLK, Mhzd7) HfEL
AR, BOTVATRENZAT O, £ L TRODEE, 8 ZIT ) RAERFPOEY L T,
BOREKITIT, ZHAERRFz AV £/, ae—L Y b 74 X%2B 72002, HEEUR

EALY. M751CV AF 20NER %R,
SLM2

Laserl

Diffuser] [l

Collimator

Filterl ?
Cylindrical lens system

=1 N N
EN v W V)
PBS PBS Beam

~ Expander

Diffuser? Laser2
7.4 FEBNXFZ: SIM: ZEAERHETF, BS: ¥ —L X7 v ¥ —, PBS:
B —LATY v & —
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ET7E WHPET74— PNy 7 AT AIZBIT LIRS

X 7.5 SFEEGFROAEN

VAT LADOMHEFNEILLTO®EY TH 5.
. IS (MALE A # ANEICBE, L—H— 1 TAP O ZBRISEREZEFICERXA

—

A EN TR, BRAFERTERT S, BHRGIIRERERZF 2 ITHE L, &
Ate. ZBRPDEEIRE T 213, 7 v FLEFHEIEOXE 2F>. 22T, ZRAEELHZE 1O
BEiEERLTHL,

4. EENAERFZET 2085 L —F— 2 TimAHL, ErOERIRERET 1 ICEEZAD,
AR RIEZR YRS LI2E D, NAEEEVRIVELEHRT LI LHNTES.

2 ODEMNTFREENENF I NE L BIED 2 DDEH%EFTH. €E—L AT v
F—IZE ) pEI L7 %, TN ENELZLHGL > XRICAH TS, HEL ¥ R TIE, &
DK, Fihzdr o B L7250, ROUKEZFH L TROGEEZITV, (ROEKRE T 5.

G
2. MCL=%—=17T, ZHEALHES1ICEFSZAINBZHANT.
3
IS

L, G 1 TIEHEATNZ 25512k L, BEAIC 0485 2H/h3 4. $72, kK2 Tl
RN 2.5 B5 12Tk L, HEATNC 0415 1 2Ha/ T 5. BO5E], Gl 6 1 2602
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ETE BT — NNy 7V AFAIIBIT LIRS

Lo THRT 2. OS5, ARIERREZRHALZ7A VY —EREE—L AT v
F—LIT—DLERT L. ZHNERET 1 ~DEEZLLLEIPRAETHZ DT, FEAH
ENRIIENEAT0EREE L, SEXICRL. HED FEMMTD AT, hRiz%EE
BEG, RO TSI LEEESP SO TE TS 74 VT —IZSREDHDAS T 5. 451
DEEFHEBLIRIEISREETHLDT, BREE—LAT) vy —TREENE, L
L, BEOTES%2EBL2NE, FRERICLVELT9 0EREL, PREICLZZD
T, REE—2ATY v ¥ —%FBTH. CO2O00FBEIT—EREE—LATT Y
F—ZAVTERT A2 LICL Y, BREBGROMAERZBELI I ENTE S, FHIC, X
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