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SUMMARY

I. Project Title
Fabrication of a Dye Cell of the High Power Dye Laser and
Development of the Measurement Technology of the Fluid

Velocities in a Dye Cell

HO. Objectives and Importance of the Project

The project objectives are to develope the laser Doppler
velocimeter(LDV) with a directional coupler for the measurement of
fluid velocities in a dye cell and to design a dye cell of the high
power dye laser by using the computer simulation code for the
simulation of the 2 dimension steady-state flow. Since the output
power of the high power dye laser with the pule repetition rate of 10
kHz and the average power of more than 10 W is sensitively affected
by the shape of a dye cell, it is necessary to investicate precisely the
effects of the fluctuation of steady-state fluid and/or the the turbulent
flow. The LDV system is a very useful to analyze the fluid
mechanism in a dye cell. Therefore, it is important to develope the
small size LDV with a single mode optical fiber and a directional
coupler, etc. And a high power dye cell is designed by using the
flow simulation code and the small size Fiber-Optic LDV. Since the




design technology of a dye cell and the LDV technology are basic
technologies in the field of the high power dye laser, it is urgent to
develope these technologies.

M. Scope and Contents of the Projects

~ The computer simulation code for the simulation of the
steady—state flow in a dye cell is developed by using the finite
element method. '

— The situaion of the fluid flow is measured by the diode laser
LDV sysytem and compared with results of the computer
simulation.

- The small sizeT Fiber-Optic LDV with a dirctional coupler is
designed and fabricated for the real time measurement of fluid

velocities in a dye cell.
IV. Results and Proposal for Applications

- The computer simulation code for the simulation of the
steady—state flow in a dye cell was developed and the small
size Fiber-Optic LDV with a dirctional coupler was designed
and fabricated for the real time measurement of fluid velocities

— The design technology of a dye cell is secured by using the




computer sknulaﬁon code and Fiber-Optic LDV system
fabricated.

— The measurement technology of the fluid velocity using the
. noncontact LDV method is developed.




A2 F M2A0Y FERE] dF ABHOH ooreeneenenen 14
B ] B L TR PP PP PPPPPPPPPPRRRRY 14
22 §F AT} BIYZA GF cceccccrrrcrctcciiiiiiiiiiiin 18
2.3 A EYo]A AF} cveceeeriiiinnnaa. tetececeaceteccsetannns ]_9‘

Al 3 F w=AHA LDVE o848 H&dyd §£54 -2
31 ¢Al¢E =Ad9 LDV & R SACLISRAEL LTI 29
32 vt #HolA LDVE o] &3 AAAA ceeevvveeerreeee.i30
33 MAAYY SEEE 2 AT} creerererccncnranrancaannn 42

A 4 % Fiber-Optic LDVE AA] & AFF cveeeveenveineannnens, 47
41 O]FFEL LDVE Qi cccceersecncicateiiiinniiiiaciinnnen 47
42 AHFAH] o Q-grg—tg ...................................... 50
4.3 Fiber-Optic LDV Azt B AYF AT -ecececeveeceracees 23
44 9333 Fiber-Optic LDV AA 2 AF-coeceveeees 66

A5 A BE cccveccccccttcctcntctiiiitttanitcttecttictotentcancoaans 5

R L L L L T I TR PP PPPPPPPPRY 81

PPN 87

(1) 427 19959 87 45 AAAG BE -ooeeeenreneneens 89
(2) CLEO/Pacific Rim ‘95 (Chiba, Japan, 1995. 7. 10-14)
gg__g_g}g__, g-;;_gl':g}-;g.], %E_i% ........................... 105
(3) FZEa] 53] A 603 WE HE ceeccerecoreconracaatarnns 111
1) = EZT] 53] A 703] GFH R cececencnniiiiiiiiicecinen. 113
—g9—






A1d A 8

19663 P.P. Sorokin® JR.Lankardol €3l g2 i ol
b 228 olF FYAhE oA B TR st g I
dASkE TEA ¥e 999 HPYdM FuBsA gL At
A% 5 gos A i Be R4S TAHT $LEH $
. 53 g} B4, 28n $UEASY T2 S4E A B
A9 FzE w3, ol L&, 4AY A4, FuF 44 A, F
3% o9 2 33 24, 294 wEd] 4% /g, 9484 LIDAR A
%, e g 7] S AL $h B3 4 49 2 I 4
& AZT 2e Fopd olME FUdY B YT 5] &F
Ha gich olg@ n2d FFsbd ol HEAY Ae2E olh
AFE HadolA7}t gon, S g ZZE Sl A 4
FaiolA 29e BT BoldE AU AYHD ok 2} BARG
& Hzd wAddA AT GAHT 5L 20| Uoolain, ol
slste] AFAAE FAAo= ol APFezT AHGAD 4
agolAe] Hadd qF FAGEH A4 YA F5AR 2
4g uigoz AED, AAE A= HaHe] 44 2 Azl 2TE
= ek,

5749 ©1F 2 2 AL olsEn sty FaFY Aol
garde FHE AN A e o4 JHAs gAT 28R
wiow fA49 A3 flow visualization ) @ FE55H71E( flow

velocity mesurment technique )%°] ARt 53] FAFE5S37E




2 "4 {FAY FEEALE AR BE K557 vATE /A
9 FFEEE ATY wE F&EAA, Hsbs=AE AFFHYA RHAEE
ol &3t A9 F5E A F o fAGHALz SFAHA W
g fAe o5& FAse Wit ol A f&554L T
e 2 I EH(pitot tube)t B4 {5 A (hot wire anemometer)s©
ol &8t &y olEd WEEL AFVE A4 AR HEse WY
o2 FEEANY AL FA o FUEE Eoltd EFFEA U
Z FASG £33 dgdx AE denh 19708 e AMdEo] 1980
WEE A48&Fez @] AR o)y =& S£=A(LDV:Laser
Doppler Velocimeter)= HEfOIY G4 F4549 @48 Hgses F
AR #HolA F&E A ZAMA FAINS vlaYAd o3 AddF
< o83 fA £58 S ¥AFY FAHI7I0lH 59
LDVE 7IAAYU AFol flol +5& F357] Wid A9 @2
A F gon ILEHATE =Y & do A4 Wi HEF
AREARY d$ 58 54 2= o8 LDVY £4& o
gt fAle] F5ELE AYsie 71ES &Y YadgolA AEe 4
gt HY§ N2 A 3-&stanA .

12Y YaGlAE MLyl AstgAE oln] AFE ukgt Zol
Aol A7 & FPo|x] Auke] AR gho] ol i o
A ALHEE Hqade T2 Fas Wyl doh 53] faduge] A
A7 FAAL 2 FYAL {AZE HEASA e FFsA
VEES e 1EY Hqid oA el siesith aEv A4 4%
d elxe 1EY FPYF A% F44 SHES] W T &




750l dolAe 2do] 42 Foz iy 452 AT 4
29 BX f&o] FITF YA AL W Fast Z Axd
el LSBT F55Y71ES o) g3l E4sT o) sz Nad
& ARG IR i BT f50] FUAF JAE Fol
Bge AA dolA 29¢ ¢ARNL 5 gt
ol2 gsta] B AT AAUEAAE Hade] $AQE 45

4L BASE T2ade olgstd tg Fe Madd g &
Fa4e F4stz, o oAy F5E4L %EA LDVE ol&sid
APHoz At 28T o|E st AFINE FA QS Hg
%7 Navier-Stokes B34 2 AAZAE Fd8syoz =zad%
'rr%“ﬂ’b} Aol ZEE o|&5ty FAHUTE, 45Y BSA= F

= VA ¥z 4add #5¢ ABgoldsiglt aen AF
AE A2 WER LDVE o 43 AEBdHoladd qady g
T4 Hadd thate AAd fEETE EFdEd 2HE St
ALFANE & A704 7bF Fad =7 LDV o]E B A@wy
& 9F8}3L, Fiber-Optic LDVl tak A== 2 Agwye] s
AFstAch 2Ex ASFNNE FdEe] AREAAES 2.




A 2F LA {F5E¥ Ui Al EH A
21 o] &

fAle] 528 FE3E, Reynolds F(HAAET #AE A
& )dma dF /52 UH3T, Machsdl gl 4EAFS 6dE
Agz FEHZ, 49 o F4RAS NANAZ BRaT. us
B AE A7t AujFQd Aol mlEVL ST AFe] BAE
E AsE EXgE By njdgFela L #HolE=4(Reynolds
number)ql A9 AlEEolHo] oA BL o gl Utk ojZo]
FE539 A3E d5se AEHAL B2 HFEY sty ZEE
dol ofgm, olz2dstd FHiFE fA 9 (Computational Fluid
Dynamics; CFD)E°F7t @do] o} & o] -gjA] £y, A=
A 38484 (Finite Element Analysis; FEA)Z=gko] ¢fzte] 3
A& F3 Q& Bolrh B dFddA ALSSie L&Y HiF oA 4
2] Al HGSA Ll dEEs AMSE RAoE=R BgHA
FE5oE Al EH ol A%tk

olg] gt HAFA K5 Ui AEH oA Bag 4L HgSHA
Navier-Stokes #3422 B|¢FYd JA4-HE FE A29 &54H3F
< Vel = B4 54t o] 4L es|str] Aty Al
of #43lA L= T8I 22 body forced2 AH A g, ¢
I AP ETY FAV} g 4¥ FA A ok a2BsHE, o W
B4L g3 Zo] EEEL '




p(g +u - Vu) +vp—pvia=0 (2.2.1)

V-u=0 (2.2.2)

7194 uE £%, pe ¢9, o= UE, 283 pE FAL e
A LDAT 2l245L £7] ¥5d £=39 g¥o gA ¥
o, o] FRHOE oXAA FF5FY EE UF A Fd A
olA HAFE FA LEHET A9 4ol Hrk of Wiy FAH
< og3 2ol gAY $ Utk

- EY A FE £E9 ol AFFH oz A

- o] L oA AAY BT FgHh

- BAZAE FFA717] 4

e o] Wge g-e g 2.

- ARD BAGAE wA571 el

- &9 s Z& A5 BAPe AHEE = gk

- A= 48 FEEC] EXA

- AEAQ 49T, £E8EEY AFEESS 2L 23y ASsES

BA oA o g},

olx}g ¢l AL 9} %= (vorticity)dll A= o} F-34F

(convection—diffusion) W34, f+%F(stream) 9 WA= Poisson




Wgaoz Hol 9e H|LFA Navier-Stokes W24 -2 E
(vorticity-stream) ¥4 34 21D curl® Hs4E o3 2
27 AS P34 213)°] FHAH, #F4 2lH)E 24 (2.1.5)
A& dgdstd deh

0 (—%) — uvieo = 0 - (2.1.3)
VT + 0= 0 2.1.4)

714 2EFTS ) & x=(voticity;e) € T3 Zo] FHn

— — [0 )

u= Vx¢ = { Sr. —55—51} (2.1.5)
. 8u2_ ou

0= 5= ) —3; (2.1.6)

97 BeW WAL ASHE o WP FHL
- wA FAA9 AASE U,
@404 (Q1OE AEuUe A0 98 AFAen BEY
ojAth
t Relek. |
Tet o WEe] BAE glon, ofE gAY e it
- 229 A4E AdsTE oF4L Mo E FFAI AAY

fd




&2d gL JgFes ANTE FSo ohuw,
. Sh=d) 4B AAzCl 438 SR
. 3281 gEREE 99e SuF AFo Lasn

22 FWANA 2EJFFE 21344 = 0 uE VBT I
o2 fAsd a5 2ol =

6v%p 8p 8v3i% _ & 8VMN\_ 4, _
p( L+ Lo o &Cz) avis =0 @17

o] 48] FRL ook mALT} @ Fake Aolth
aEy wdesE ted 2L A 54 Ytk
L @ITAL 43 AR PR, B A% g AL AR
Ae a7g.
cadmz SESEaET 4Yo] FRAos AMEA gt
29Ez $E-¢4g240 3dos 47 ¥FE £ QU HEd
2939 1S (algorithms) e AZtste AAHY TAS L AEH o]
H(simulation@ 4 QES sjorant. 181 GE-2EYFSEE 249
oz ARl Q7] BB VB EASH HANE ERHoE S
He] A4 gk 183 2EIRSE Gusid zASE AR g
Ao] HFol Solsh}, 94 2490z AFH gk B AFAAE
AAZASL olgstd fEesMoE AR U ABHHL 5
gk,

’




22 % 24WA VLS £

£E-qte el £X7 AEHlM oA WPl U=
F8 BPANES F= skt dh XY FFHY dEE ¥
F27 Yy Eo] 49 Usugd tig e YHEZ ¥3d 5 gl
A HAck. 7324 (Finite Element Method, FEM)& 713X 3144
(weighted residual method)o]lx, E-F¢ 7151553 4FdE ZAAH
(steady-state)$} 8] 3/3 (transient), AP T 6]4Y EAE 2T 3
S5 E = 7] W&o gutioz AMEHo A
a3y B|EA Al A(constraint)® ) F3Hconvection term)ol]
710351 Bl AR E 21244 AFE T8 HAE Ty
22 RAPsE Aol A3 oyt ol BHEY EE LE-4HESF
o glojA AL4-® H7H¥(interpolations)e] ZFEo] &4 ¢HE ZAIAE
FA Rge Az o WY @HFY shitoltt. ditFozm &£x-¢
g HIPHe] ¢FAPL LBBE7H 22 7HF-EH<= Babuska-Bressi 794
s AujEH, A9 $2-48 BPEAAN AA FFo] ohd HEF
A &Y FEHEC] AEHAHE & E Yk
GA7A 7173 AdHo R £2-4Y FHL AEHAs s TEL
2T Oed 22 F7H B340l Ao A= £x9 44 dEA
AE T AT ols AFBAAA TFE W2z AEHo|AsE ¥
Holt}. FHALE vHYEA F<(constraint)e] oFzHe] FEA FEE Al
L3tz 24 4FFgo] &AAHEE penalty WY olth. FHA ¥E<¢ Penalty
We] B} olsfirt 4, HEjiokell FEsU7t 4w GIdd o

o
o




3 S8RokIA Bol AHSHIT AT E PPAME o1& AUt
23 A Ed ol A

E dpdAs wA o8 §53¢] gt AEH oM o84 ZA
E T3 Jgd ujx ALGOR A9l ZZ number 107 (2-D Steady
State Fluid Flow) T2I13-& ©]85td 29 13 2-& 4871 e
ANado) sty §& BXE AEFHAsT. 28 231(@)¢% 22
Hellma A}¢] Quartz cell(HELLMA Cat-No. 690.072-QS)& 7|E2=
Zo] 25 mm, £ 20 mm, 539 ¥ d mmd FEE F= 4L ¢4
oz maEsly o] ALH 9 F FP@PALol Azl w 2343 H
2 fAE dFdaAE dEed)d £22 45T x-yBEAA o
=002 (Ax : q7]dA 9 F=E AAQ gtel oty A EdoldE S3
Aoz Fe 7)), IS0l 58 W(Hr]d49 F42 297t jleH
o] 2I1f&L& AEdoAE FAsHy] AT A9 79D, 53 (normal)
AR £x& AEH ALY, o] AIAs B IAAY 1AdE BEX
Aol & JERIAY 23dE FAqA e x-yBHETE y-zH A A9
FEEXE AEHASH2Y, 2 2 547t d = 2 mm 9 B%
d Hgld FEEEE AEHAE ZFst 29 2324 ¢ Qi 2
Fe] 9-28Zd JE AHL ZF Hde FASY A= T4 UsH
t AdariE JeEdd. 283 4 05 1, 2, 4 mmE 9% #%
#e FAE A8 A EH AT AH, K589 Fo] FEFE 5
< A, £27F T4 AT oA gsS ¢+ 4




Ak
29 23398 29 2367AE 29 2310)% Bo] 4248 T4
st F A9 #E U EA FEE FojM, vl F Fo] 45Y A
25 EE% FUE uFEASE I Alol2 §AE Rl dy= ¥y
SIS ue] A EHolAE AFolt). F, a7 23394 28 2347AE
FEWNZ R = 126 mm, 2°] 1 = 50 mm, F & Alolg] JAd Adrl Z
Zt d =1, 2 mmZ 8¢YE& gojth 23z 1Y 23544 23 2367
AL R = 291 mm, 2o} 1 = 80 mm, T % Atele] AY Asl z7 d
=1, 2 mm 2 §3%< woloh AqrldA BE FF 7MY &= |
& 449 a9 2319 FHEG HEF U A, F fA9 2@
2 £% ¥3yl FgL & £ Jdok 383 d 7 FE5EE f4e AA
W, &5 2Yd 992 FoFe & F 3tk o] #YF¥ 992 IZE
W73 Rol AZFE HolFS ¢ 4 Atk AA= FEo] J2d #HolA
2 F EH3E & 9 Fo| A&sHe AWV AVH, $F TN
I 4% {slEo] Folduz ok oFHF FEL FE Wgoz A
248 A7 AFstoositte A& 4 = YUtk
g 23744 2§ 2387HA€ 3™ 1(c)s 2L IEFHL PHe
2,383 o2 "L R =126, 291 mm 2 HFEHA F ®Alole A
d € 2 mm E SPE F&9 AIE A Eeo]AF Ajolt) o] AF
= ¥EUE FES € 299 £ AolE JUehA ggten, & SFe

7tz mHoF $& HiFm Q.




1o
R

a3

S
b=
x

(a) (b) (c)

d:distance between surfaces
lilength of cell
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o] FAlUlel XFE AR =7l € BE, TAFH Alol9 ATl F
4% ¥rz Ageted dudos 4R ot RuFe 148E
9 AL ALSE YA =7 TAAFYH Ateld] HFEn vWF 3A
v, W ZAe 3 FFA =2FE ASEY guzg Feel AR
gl Age A" fAQ deEdel xFE dA¢ =] § dx=
&5 I FE Ak
A AHS-E LDVE o334 dHzoQ 3 J7lss o8
& ZAez a9 3214 4¥FAE Ehid. Polytec LDV 300
Serise= F9& X33 Optical Head(LDV-380)¢} Controller(LDE-300)
agla AF AT E 93 Doppler Signal Processor(Q3100)2.2 A5 o]
At 23 3.2.2% Optical Head FE22 11 7|5& 4HEH
1) Laser Diode Collimator.
7ol 830 nmol Z¥o] 40 ¢l HAE wt=A] #HolA
2) Rhombus Beamsplitter.
Laser Beam& F H-E22 JP&A UYpolFEe &L M,
PYPEE Fol7] sty F& Ad F /1¢] Wedge Prisms2
F4itt. Rhombus BeamsplitterS 33 5 719 342 30 m
2 £¥5o A3
3) Bragg Cell and Driver.
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9 3E ZH=2d Bragg cell® AX3SIY  Acousto-optic
Modulation(AOM)& Al#H beam® HFFE shiftAlZlch
F53999A YAl &% Doppler signal®l As55E {48}
2 d4xd ABSFE e S A4 EFHE 4R AFFE
AOMdl 95t shiftd AFFote] BAZR FH =HLE ¥
A8m 93¢ £F $P UF FRe & 5 ok

4) Wedge prisms.
P2 A F4A F /M Wedge Primse #F4:¢] Front Lens
o BPstA AP} =F ot

5) Rhombus prisms.

" %% Bo] ¥ Rhombus prisms® 3% A BE 60 mel 37
oz BEAA AP 5 Y= It

6) Compensation Prism.
Bragg Cell® £33 34 Bet 34 AAlole9] F=2XE BAQS)
o Zo] 2HGYGN F&o] mXId F& Waistyl 27
FozH Zl"ﬁ—r«]—;' %E F U5 gl

7) Front Lens
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8) Receiver Lens.
FAFGANA FANY YA ot 4FE FL FiberZ2 2
ol&th.
9) Fiber.
Glass/Glass As 200/300 receiving fiber2M receving lens2 X
o}z 32 avalanche photodetectorsl] A3t}
10) A.P.D(Avaianche photodetector).
F3AQ AFE AJAQ AZE vpRoFE gEL o |
g A7FQ AzE AFZAZE §15t9 LDE-300 Controller2
Hujjo} At}
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33 A9 fEEx 54 4%

a9 3219 ©=A #Heolx LDVE ol&std ¥ 3267 19
32.74] HaAd i3 Cellvl e} #EEXE 54T 23 29 3319 4
Z 3HdA g 2L Burst AEE 42 £ Jon, I3 3319 oEF
3t A ©] Burst A18E FFTaA €42 &HEY J8E AojA o2
HH AdE 458 4& F Ut o] A #5E AN 23 F m/s
oj¥] ol A¥d AT HaAWY #4528 =HdE REe] AYd =
2 v 4 gtk

a9 32638 231(b)2 FEUF 126 mm 9 99 A4
A FAY £E5F x-yAY WS AFKd tistd 23 33149 2ol
& HAug TP 2HAE olRdez FAHSG FHE At 2
3329 Y¢ ok a2z a9 327(2¥ 2312 FE4F 291 mm
9 )9 daAdd A Al £EF FZo] xyE HL HEI
et 17 3310149k Zo] & FHrithk A AAE ooz F3
st ST A 29 3339 U Qo o] & AAER HE /5
T 47 2TENA £=9 7177 A4S € F U, HEeR F
TE SE7F FEEe & & Ak 53 45A=22 A & Had9
TEE FA7 71 g2 TEFE £571 A9 479 £=9 25
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= & & 3 53] 948329 FEWH B & 17 333949
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Al 4 % Fiber-Optic LDVY AA 2 A&}
41 o]|F%4% LDVY 4T

gdolA F&EE EE USRI olE §4E AR ke AFHC
A ASAAAN BAFHE FAs, o] TAFHE FAUY APA
ol At AdAZ FE ZVIR FE5H fAY fEd dF =
8 FHTE Goz2N 75 3 Aol o|FFE LDVE dgo]
o. °1F#&E& ol&ste LDVE 433 TE AEsH Huz 4iFd
AzdFHE =Y F A= FHUEA ol5F&4 % LDV F
2 AHgEn.

Id 4112 o|FFE LDVIA F F&4 o TR AT
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42 AFFA 2 430

a3 4212 FAF FEE ARVIE ol8std FAE wEAEH o
A Ay fiber-optic LDVE RoFE sfgkxoln], 1Y 422& ¢
FAE BAFe Aot FdezE 4 M = 850 nm, 8 100
mW¢l BERE GaAlAs BHEAEH oK E A5 eH, ©|E pigtailing
sto] B¢ 850 nm o) AN BURE FHE(ZIAR: 4 m, ZHI
A7: 125 m)el 9ZA392 1, o2 Fiber- optic Dichroic F4E 8719
XE TZ A8t XE 19 XE 28 1% pigtailing 8 349387
(beam collimator)el]l YAAZITE o|FA FEH FPFE&£E A= 12
oA JANAA FHFHE 953, o] TAHAFTHA 4dd Fe
A= 29 A= 302 FHZ7(photodiode)oll A&AZITh. A AsE
band pass filter$t FF718 AR LARAIId AHERHEAIR
o] A#Fe =Fe FUSFE SHUY. olf dAEHE AL 6 =
453° ojt}, ’

722" 4ZE band pass filter(TSI, model no.: 1982)¢} At} 60
dB7HA] SEFF & Jd' FFVE AR HAE 2EDA A4dR2I3E
(tektronix, model no.: 2440)2 A ZTE FAFYTE ol AMEF 4
44 (Hellma, catalogue no: 690.072-QS)& 4-&9] A2 AqHoz
Az 29 326% 19 3279 4242 ASSYT ASSE FAE
A7) AadolAe BAALY Y2E FGA AgstE dBHLe Yo
o] AHEEIR e, of fA &= ¥ AYE /MEstY 2EFE 5+ A
E ZHE Aol 23sgn.
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Spectrum
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Pass
:— Amplification  Filter
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Driver [ F— @
[: Port R
Lens 1 )
] E] — (f=240mm) thole(flé%%sm §n)|
Port T Port 1 —
0.85 um : S el | —'GEEE:::. IE:—:==-~)——]1;1¥:)°;§,
Diode Laser ~ Collimator Dye ’
Port 2 cell Lens 2 poob oo
Fiber Optic _ (f=80mm)
Dichroic
Beam Splitter IMotor|
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1Y 4.3.18 Fiber-optic Dichroic #&E&7]9 AAEE RAF
Aoz, 4418 AL 27 4326 Ut ok old ALEF FH4E =
o} BR3¢l 4 melx, FF FAo] 125 m I3 850 nmE TYRE
FAHGT) o] BB 7t TEAY AFSAL E 43100 1o}
1o, pigtailingdfiA] 3458 FPFo 2 9= F4 collimatore] 54
€ 0633 i FAEFL HolHE Ao ST A7t & 4329 ot
Ak 2El; ARG Wi=A] oA Ada E¥IFAe] E 39 a7
4339 ¢} glen, o] #Ho|AE pigtailingste] BWAFo] HE FiEol
29 43400 vt itk 2En 39 435% of wEA HolAE -4%4
F)& driverd] AlR o)1, drivers] 3= X% power supplydl tidt 2=
a9 4369, kZ front boarddl] W 2= ¥ 4374, 22 olF
2 5715t FEA|7]= main board®] 2= 39 4384 Y} ik
3¥ 4395 oY 42137 ¥ 4229 uHxAFolA APy
fiber-optic LDVE T4t} Fol9=2 223 A5E band pass
filters} 2Z/2 ZZ3 3 YAE 4dz23xz I3 £Zd A3
9] FI1E& BHAFE ot o] J35E £HEY E4J2 FuFE £
A3 AF7 a9 43108 23 431196 U9k Yot 0139 f&5L AL
HEow 32 cm/s (2 431008+ 28 co/s (I 43119 fr&o] 23
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Insertion Loss (dB)

T 1

T & 2

2« R

1R

78

438

4.75

6.6

¥ 4.3.1 Fiber-Optic Dichroic %

FA vehde 2EE.

an

—,-,1-2_]‘7]9] Z]' FETS %’él: A

. Divergence | Coupling
Wavelength |Beam Diameter Angle Efficiency
0.633 (tm) 1.02 (mm) |0.79 (mrad)| > 70 (%)
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As5F 2 &

1 a4 AEFold % fAe

£ AFAAME §5F0 g AEHelA o] ZASE T AL
" "z ALGOR AF®] =X number 107 (2-D Steady State Fluid
Flow) ZR2IOHE o] &3l Az71A] Feje e distd & £
ZE AEYolAsgth WA HPHow o]FojA Hellma A Quartz
cell(HELLMA Cat.-No. 690.072-QS)& 7|22 o] 25 mm, & 20
mm, F5%] F d mme T2E e 48 $AHFeR 18y o
Aaduel F FggdAteld] Ao wE 24 FHE FAE A7
AE g £E& E4AT. x-yPHAA 0=002 (F= : 97
dAe H=EE AAl9 el olun AlEdH|HE A% dodz F&
), 7F40] 5 wH(A71AAM Y {42 G997t glen o] 2IR&EL
AEHolAE 9387 A% d99 #Y), FH(normaDFE 4 &£=F
AEHoldstHt. a2 F Wiatold HAEAY d € 2 mmE /&89
Z2 2FsY AEH A AT, dutFez dFsike] &H F
o] FEFE &L LA, &7 7L dHFHAEE)LS HAA
A& & 5 AR

aga MAAE FASE FAPse F FY B8 30 b2A 3§
€ FoA, ulx] F Fo] 945y W=2E BEF FUHE vFEASD O
Aol A Hule deHE A8 1o AEHeldsA. F, F
47 R = 126 mm, 4°] 1 = 50 mm, F & Alele] AT Art #7




d=1, 2 mm2 wEYh. 282 R = 291 mm, Z°] 1 = 80 mm, ¥ &
Aole] AY A Z4 d =1, 2 mm 2 L WE 4 AEeH
Ao O 23 FF grolAe £ w3 EL dAMY HYW P
Bl A4 drie A F fAY 2@ 2 &= Wi A ¢ £ A
Aok 23 d 7 FAEFE F5E AU, £E7F 7Y 9L Fol
AL ¢ F gtk o] ZEH 99L& FEA Rol AZFF HolFe ¢
4 itk AAZ ZEo] Jlod HoAzR F WYL € o Fo| I&H
 Z3t AW, 4% Y7o n@dT &£ WstEo] FHopdrg o
o2t oY IFEL T WEgoz Midg AA AFsordtis
Ag ¢ F AU

aEl3 FEFEL Yoz TEa oE W A% Fol R =
126, 291, 500 mm 2 vlFHA F wAlold] Ag d & 05 1, 2 mm 2
HIAAAM #4559 dAzE AEHoASHEN o] AFdE ¥FUE JE
€ FA99 2 Aol VA 4o, & AFY dTE Y=
BEAE 712 adsol & RoFa U

2. t=AHolA LDVE ol &% Jodd /& 53

PolytecAte] steAlglolA LDV(E® 300 Serise)& Alg3ld n&
g Aol E Made Ade BaF FAH F&£54E 3o LDV
9] fa R AL UL ESH ol ol&so doz AddaAdte
Fiber-Optic LDVS} A& A%H|ze &t AM43en, Fiber-Optic
LDV7F AFR SA4E7] A7A 5% AgdHold Z2adE o] 83t
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w167 |oaEE ETRT faleln BERl [nle Sl BRI £ B
Skd Th hELE 1Lb st &h R L+ R 35B »B
HhEIEE BT 0% R&B I5% BE 2k bivleee BT 2
1E loKaEE BZRER s 1l &+ B S8 o =12&B lo
T4 bl Slrlebd W T &k ‘W5l +H 38% 5% bibh
bl =% bE&hS T8 ki et F=L BRTR B REk
EZRER loEk R + B SRER % 5Lk Tk TK <+
B SRR Bl ba® ibelte LB BSE &k =3B B
lo 2F hlok® 2K <+ Blele KB b RRT SB Bkl =4
FETR BElY LRF 2l hEE + & Shhh 25F Blikh
tfziz {45 ek =F $4 BhETR B4=l ‘WoBR BER
T4 bk BRTS krlole 55K 22 235 37 € 2kt bk
Rk Bokiz® B4 hETR TRT 1R Bk & ki
B FloRElr lnle Tile "REE + B SRIvd T o7&EIS B
fz hEER k& tEEEE 3E& bEY BhETR & EE
RIbE ToREF eI BI le F R&E 2% lkd RlS
+ Bl 2 bRE AT 3EE 554 FhET 28l kRF
Flo lleS/W < &£F RivlK T3¥ & lo 1K + B BTV
1dd T BEF g & &I€E BT Ek R&e EXETSY bh
BT 2b® Irbl?t BT £92¢ BT Rl [o(DTET BT
HEleke EEESY blekl SRR 212
2hg B@TEZ BT B8y IrloRlolkEly hiiedly 2AQI o
32l EokBER SRBEL BhEThR Bkl & KE =l



Ho} 33, 3L 2 mmET FL& Hide] 3gtsEd B F2 444
o] & 4 glegE dgdd. Z2EFoz dA4 A YidzE 2
d 2310 & Z+= A 13 2310)9 FEHE 2= AF JFENH
291 mm¢ AL Agsie ALEsE gl e of FgdE §5EY ¢
9 A9 2FE HI1905te HHFe ARgold, BEo 4= 4
T&77F 12 Zavt o

3. Fiber-Optic LDV Az & ©]& o8& 5573

HF A = 850 nm, ¢ 100 mWS T@URE GaAlAs SE=A g o]
Ag B4z AESgen, ol pigtailingste] 37 850 nm o i3
A gdRs FHA(ZNAE: 4 m, FUF AF: 125 mel dZse
B, o|Z Fiber-optic Dichroic F4£287]9 TE T2 YA XE 1
I} XE 28 %] pigtailing B 3433 7](beam collimator)dll YAFAL-
ok o]gA wEA FYFJLHL A= 12 Hpdd] AAMAAA A
BHE 953, o] AHFHAA 4FE F& W= 29 F= 307 FFH
& 7|(photodiode)ell F&A17Itk. A&Y 4EE band pass filterS} FF
78 AAA cdzrzmzd AHERRAI|Z o] AAF] =27 F3}
FE 533} oy PALEE ARG 9 = 453 ot AEE A3E
band pass filter(TSI, model no.: 1982)¢F Al 60 dB7AA FZ& + ¢
T %718 AA YAE £EFA LA22F I(tektronix, model no.:
24002 AFNEE FFASIFT. olu AMSS HAAde A8 AiA
(Hellma, catalogue no.: 690.072-QS)% F8o] It AFA== Az




H2A-E& AHEEIT AMEEHE fAlE AA AigelAE FFAL
H2E A AHSSHE dBEE qagle] AMEger, o §A9 &
== 99 AGL JMdse 23 F e BRHE AMSSId 2339
=3

o] AX]o) A Fiber-optic Dichroic F&E87]2 ol F7o] 4 m
olx, Z#d FAo| 125 m WF 80 nmE TDLYRE FAHARFE ALE
st AlFstien, pigtailingd| A F45-S BPFo2 FE 850 nme] ¥
=3 HolAE F4e= AHEEIH @A #HolAE pigtailingste] B
38 collimator® ZAFES AFsAeH, #HoAE AASd= &d,
Fiber-optic Dichroic 3&28715-% A 380t

B o]z AW4dY fiber-optic LDVE FA438tY Frielex
2 AE% 45T band pass filterdt FF7|2 =3 F, tAE o4
BAAZE FFY =58 AE5E Aoy oz A Y24
o] g5t M4M AAld A FEEEXE SHstnA o a3 H

2% gl AAY o] £88 A58 2= BAYlz FueE 24

¢ 2 F&4E ALSFELR 32 co/s (2™ 3N} 2.8 cm/s (2E38)9]
fréol 54 HAoh

B dFdAe A4 o2 g 54 dig A g0l o|E¢] ZA
E F32 /g" vz ALGOR AMY ZE number 107 T213-8 o]&
3t 19 3269 ¥ 3277 2L Hade 4= 3FEd o
AzAdde] 2dF A FAZES] FAE dFdAE dgEd)9
£5g BYRE ABHEL SUsNT 1 A 424 x-yHAA




A BE 44 WA £24 A 234 FIR9E kRS

&0 yARe FEER BolHL ¢ 4 itk Y=z Yol
ZARBANE 459 FANR] AuAYL ¢ 5 geod, ok 1
BRo] nj$ dE FLEEE JHHGE 2L R T Yo
o Z3 ZowgolA wiEnm, I T £ y-zPHAME 1%
o AHEEHRGAD)TE FEF 23 AF ZEEIPY 1389 F
FREL Yo Toz FUF FAEEES 23 IR} HHo= FTHS
g FA&Est 2P e ¢ + 9Pt 283 fAS Y= &
3 $A7F BAUE SIREAME FAT 459 TF A Qo) /‘37&9—
4 4 glomz e B oldd BEE0 RS N44e ugsor
e 288 49 adEn FEuge 2o =i Suiteld Al
1o 7144 AFstqof dties 28X 2ol Y. agER UgOoF
ol#F FUF £EF Y0 /H5AS WA HEE A T2E ALFHo
2 7AQsteokatt.
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B 4FA AFVE o] &3 AiEE
fiber-optic FolA =EZ8 F&AY AZ

AEF, 4 4, g8, 39, =AF F
ddoistm 223, tAd 300-791

A5, 1=7, o|FR
A AT 4, dd 305-600

(1995 19 ¢ &%)

Aol Ae AU & BXE 57 A%, FHF T AYNE o8
fiber-optic @A &8 F&£A1E 24 T3 6328 nmE TLYRE FHF
2 A Y FUE ST AR 29 20 mW A AL HAAE ol
Aidde] BHZFo] 270 m) FAFHE FA8, o|25E APawE JEFE
Azsd #452 2SN 2 23, S3E =8 FH4E 11 e, o8
A" F45L 300 cnv/sH ot

* AF4 72 SN HFE 640, (9)425-110, ()28 FHITE

A )



Had ol AL 19669 P. P. Sorckin# J. R. Lankardd] €3t R& 2A=Qonml
olFF Y2 AL BAIFINL TASE YolASHAE 7] W 99 BFL 4
gato] Y £ Yok AR 2 48 FAU ) FHogt? 29 939 A9
olu} Sule) Y4AZT T BopME He dYgdA HFe AN 5 gt 22
g9 sk HolAst 7R ojsige oo tgaid WA MY HolAY UE
A HolAQY A2 AR Ut 23 2L Eol: AT APHT k. Ay
ojA9 2 Folx S YolAE LA 2PIA} Besng 13
Az ol AL Maagel fAo] B £F VL ol o|23H IFAYe] Y=
A2AE A Aol wl¢ Fasich

olgZE fAS #EBAL o A4St vP2A WPes oA =T
$4A4(LDV: Laser Doppler Velocimeter)®u} 912+ & #-%A(PIV: Particle Imaging Vel
ocimeter)’® o] AL&Ho| gt} o] Fo]A 19649 Y. Yehst H. Z. Cummins®el] <35}
A2z A¢" LDVE dolA F£¢ fAld) AN fAlUle HaYRd elshe] 4
2d FL 23eq J2RH 450 UgSE B FH4E SRS o=, &
Aol Ay nPL FAYgoH, FHEASS =Y + Yol JAAY 42 PE b
Tt of9 53 B4 2L A ert? o @ LDVE A FA A o
232 WA J12F oz Py, APdd A5We FIFHE Yol wat A
spabets Fupdgos RRIRY o2 o2WL BAL FaE =2 Fusyl B
Sixol ey WBo) FHo) 2 5AE AFE AFA=E Agsd FErt 2 Az
2 92 # QoEz JIEFS PR AA &) Fol AT Yok oz ¥
gl LDVl tg d7E FUAE oln] gigier ! ¥ 438 LDVE $ith

E =2oAE 44 LDVEE 23] ojale 2298 MagoAe A2due &
& 2387 YJ5td 7129 LDVl AHEEE F8 RESL B4 6328 nmE BYRS
FH9 ol o}8d 7Y FH4 WA BH7(variable directional fiber coupler)=
QAL 49308 LDVAXNE Astuat ot ol Aste Wad /Ey FHH
Bepd AYrE ANz AEn, ol olgste] WL HolA F&L sk
S1x)9] ALAF1E Fiber-Optic LDVE FAste] AYstza} gk

. o]53<4 LDvVe 949
HolA F&£L T2 UFT ol #4¢ A sk AR 7 ASANAA

ZAFHE Ya, o FYFUE SN SIPAT] AEA gBAY Fue B
= A2 fA9 $40] 9B £TH FN4E FO2A 45 2 R o
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7 Fu57 He olfe FnED [4)7[)d AAF e e, )M A= 8E
Ak e SH(TABNE 5 W fAd EAse 42 tldAY =278 2
< Tl oy, ot 5 Az JIUFH S BA] o). on EeA A
[4911] =X AY®E LDV F3A7t =R 784 ez ny=e gol=z 447t
He, f&el g gEAe t B L4BE $Fe=2H o4 e 452 Q)4
22 T8 5 Yk oskEo] HoARSE FSERIIE F FEo2 Pl e
¥, =22 FAH 90 TAFAAA FAFHE BEH, AN AT AT Aol
E HYE 9 AFFe FL FEFe2A 52 Y & A S

m. 4373 2 433y

a3 2

ag 25 FAR FFH dYIE o188t TA ANAEY fiber-optic LDVE
B3 Mgxeld. Fdoeze #F L = 6328 nm, £8 20 mW<] He-Ne #|0)A
g AHgslgien, ol ujg 149)9 giEA=E AHESld JhEy WA FHR 27
9 JAEIF shte] g ASAAT AHEE FHEF WL ARV b = 6328
nmolA BARE=E Fdf(newport, model no.: F~-SV-20)3 Alg3te] Azslgieni, o)d
gt ZAAZ W8-S t3FolA AWstaxt ghd, a3 50 1 5022 FAHe dE
24 J1HY FAR AFAH 2ENE 5819 1L FEES 1499 Ol EJD=E o] §F)
33’3+ launching unit2 H3PFL FEAh °)E F FEHAlole Azle 45 mmZ HIU
on, ol F35E £HAY 26 cmolT A7 55 mm<) EFA= Lio2 FAW ¢
APAAA w2zt 20 = 989 °2 FEAH T old 48 &3} uR} sl AHd ¥4
He HARHe 27 AR fA0t dEgolmz 3173 6328 nmellA SHEQ 1.360
Uz @zt 989 & AMEE A%, 4 gste] 270 m= AL 2T o)F %
AREE A FAv e PR Aol BAsH, A4ddd T2 zEsd 9
B o)FALE V=E J1EFH el £HAY 10 com E5I= L2 P27
(SP1-KL)Z2 ZA&dtd. 358 43+ band pass filter(TSI, model no.: 1982)¢} Htjl 60
dB7kA] FEE + Y= SEVE AF dAE 2EFfA QAR A3 X (tektronix, model
no.: 2440)2 AFAFTE FFAC) old AL8F A4 (Hellma, catalogue no.: 690.072
-QS)e 489 A2AE& T AHSIAT AHEEE FAle 44 dadelAg F
AP MAE FA AHESE dELE A4le] AHEIR e, o] A Sx
98 AL /sty 2AE £ Je ZEHE AHEStd A ol A¥FAE




FH8 BelFE AFde) 29 30 vt Uk

a3 3

agl3 B 479 M4 2% LDV A= 713 S 7hEY 3R 194 2

#7le oot e FRo= AFegc

(1) HE2EHoEZ Y HYE Z 10 mm X Z°] 25 mm X 57 5 mmE a3
1=

(2) A8 298328 mash number #1202.2 grindingE A28} #600, #8002
smoothing¥t ¥, mash number #12002. 2 polishing%tcl.

(3) HgBee] T tholol2E HAUL AME3lA WA 25 cn, £ 200 mo] F& W
o, B8] FE 5 m B FHARE 2FAF] A8 2F WA & dth

(4) F& 9 HYE9ed AR U2 FH7Y FEFEE T

(5) He~Ne #o|A 34-& F4F AFAINEA H9E887 ¥ 92 U FHFE
Qg 3k ojn 39 drl AZE JIFLE FHWYE o8-8ty Rl

(6) f1o] wiez Fulgd HIEY VIE AP B 7IAFA Qo 2PAAPo2H
A &g =1E F A+ 7Py FAR BFE dR7E AR

V. 4325 2 E

g 4

a¥d 5

a9 45 49 ANY FER P9Y 2WIE BelFE Reg, mok Y7o 3
melx, 2 HAe] 125 mQ) newportAte] H% 6328 nmé VYRS FHRE HY
geo] Y& AR AR5 Aozt 3 me AUY FAF I WS AR
Ak, 2T AR BEe] B AE SIE T HYBYF 929 498
gol WelA 4QBYel 2238 5] drislo] 2 FURE Aole] Azt Hol




ol we} AFEgo] viFA Bk 23 5& oFA A JPEY BAF T 2%
o] 2PNLL 50: 50 22 =FAFAL W, YD ¥F FJAFK DhA FAd) 2
L HolA F&o Jr= W BWINE BAFE AR I W Hvt 23, 3=
=7} TEMp¥E B33 gk

a" 6

a9y 6& 29 29 13 39 AWAFY fiber-optic LDVE FA31Y JFrhole=
2 %3 A3 E band pass filtere AMS3HA] 3 AP FHLE YAE 442rmnR
FEF =2FY A3 9] F7)E BAFE RAojth Q7)dA A2Fe A5 A7z 50
mV/division°ol X, 7t12&2 =8 4359 Az}Fo =2 50 ps/divisionoltt. o] Az oA
E=E3 A3E FE7E AL 60 dBR FEdIHLn, o] AZdA FI1AA =&Y
Azl F7)= 13 ps2 FZHAT o] FIIE ©)4F F$ aFH )4 g8 7
£ 208 co/s2 Alate] "tk EF o] Az A ANHY sineF N2l envelopet pede-
stal Ao 2 B Ao 2 /M2 Fulg oA Fel o7 ¥ A 71Uk
“ %, TEMeRES] #olA F&o] e /M= Yo 43 WRE2 A8, 24
2y gARR Y 43R0 AARERG g, o] BARRE Ave YAl A% A
o) A7IE FUEEAN Rt 3elr]) WEolth. o envelopeol 4A 2H& 7719 sined
o] A3E A4AUA7L HAFH S ¥R T 2R AN e AFFe] A
718 Yz Aot o] 35 13 AL 14719] A5 envelpo’doll A TAHI Qi)
‘%]Eﬁ‘l" AFE f&0) B2z, AP A77t I3 Z9-ol enveloped] E3A #F 0]
o]F L old Aol FEIINA 1L AEE W3] FAHQ band pass filterS
pedestal A& AAS}Z @ F, TEV2 T3l =58 ATE A&k}

a8 7

29 7& 2% 63 Ro) pedestal FEE RS S5 4158 band pass filter
= WHYP ¥ 33 53¢ =FY Aol o) Azo)4 ERo] Hhri(nodelt &
Sl #3583 gon, AT Bt o)Te ¥ v =¥ Azvl 53
gt ol Az 0t 9 52, EEY Fi4 LE 111 2 370] HR2H, o g




()23} (3)34& ol-&3t AL A3}, ’-‘H""Qﬂ]——] NEL9 §42 30 co/sH. 28
I AFNEE 17712 S3HeH, ol AP 29 69 ASRT AR 94
RRZO2 Ad ozt B §& 17749 FAFHE Al 318E BYFEa ok
22 B2 pedestal 20 Sl A9 A2 E F&snx} oo 715 band pass
filter& AH8-3}ejof ek, o2& ol FAIAEE 0|88y JAT=ZI} J|AFe= ¢
Ao, FRAHLR TBed A48 P4 fiber-optic LDVE 7833tz gy

v.2 &
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Fabrication of the fiber-optic laser Doppler velocimeter of

the forward scattering type using a directional fiber coupler

Jong Soo Kim, Gwon Lim, Choi Wan Hae, Young Hwa Jin,
Jae Heung Jo, Soo Chang :
Department of Physics, Hannam University, Taejon 300-791, Korea

Sung Ho Kim, Do-Kyeong Ko, Jongmin Lee
Atomic Spectroscopy Dept. Korea Atomic Energy Research Institute,
Taejon 305-600, Korea

‘We have designed and fabricated the fiber-optic laser Doppler velocimeter of
forward scattering type using a directional fiber coupler in order to measure the
liquid velocity in a quartz dye cell of a high power dye laser. The interference
fringes with a fringe space of 2.70 ¢m was formed in a dye cell by using a He-Ne
laser with the power of 20 mW and a directional fiber coupler with the single mode
optical fibers of A = 632.8 nm. From the forward scattering signals, the Doppler
frequency of 111 Kk was measured and the liquid velocity of 30.0 cm/s was
calculated.
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is femoved.! This bistable behavioc in po-
larization is based on intracavity anisot-

P79 Table 1. Observed polarization
bistability in the slave laser by injecting

written together with a slash. The
wave is normally incident on c.,c"

ropies of loss and phase. We observed the  a tunable frequency signal-from the and it an be diffracted by G,/G, intg
dependence of the polarizati itching  master laser. the substrate. The diffracted angle g5
md\exngleo(u-a'.ﬁ'xndm‘:: prop ‘{n ly proportional ¢
tween one of the lxser polarization st dat ot length a type/re-
In our experiment, the b\;hged light Bty by of S master e tively. The diffracted
from a master laser (Uniphase 10075/X) Punston orcpe o to the central wavelength Ac it
which operated on a single-mode oscil- (Pamenwnanr) | woqoercy pomeati so that it is equal to the critical
lation is swept its frequency by the cavity -t lpreinnd Then the component with wavelength
ggﬂ; v;lmhoh:;:n a :m-o\penlun con- gl gl l;gerlsrmll«m‘m A fspu:lgenneg,d
. ve (USHIO UNL-205RS) as wave [s
xenled on alﬁgrc:lmode ;}n:x oneco‘f € trpomimten) |3 H H 14 g\;ided &uoug{hc'l;\ce; s;i:}s‘t‘n!e Bea::gl
0 orthogronal na axes. The inject structure o 3 same as
polarization angles 8 for the slave laser il : g : ; G,/G,. the diffracted wave of G,/C, will
are set by the adjastment of an isolator. - 0o IR s [er H be paralle] to the input wave, that is, the
The two orthogonal polarizati were 3 z 2 output wave passes normally through

¥ d a L 4 larizh g b Y'-M
and detected by photo diodes set on the
two natural axes of a slave laser, Their
data were sampled by a personal com-
puter through a digil{l multimeter and
GP-1B. Figure 1 shows polarization
switching waveforms when the master
laser is swept ta Jower and higher fre-
quencies for 8 = 0° (p polarization). The
first plot is the monilored beat signal be-
tween the master and the slave laser and
the beat frequency shows 0 Hz at a po-

" larization switching point. The second
and third plots show the intensities of p

and s P of P
The bistable polarization state of the
switching is found as shown in Table 1.
The same state 1s also found in the gases
of 8 = 45° and 90° except for ~ mark in
Table 1.

The polanzation switching may de-

ized mode can not build up at fs because
the p polarized mode exists at fp. If the

the substrate. Hence, the upper/lower
acts as a low/high pass filter. Conse-
quently, it can act as a band-pass filter
and its bandwidth is determined by the
number of total internal reflection and

slave laser op on 3 polarized mode

P prop of the volume

at first, its mode ch to p polarized
mode at fp by spatial hole buming effect.

1 Y. T.Huang, D.C. Su, Y. K. Tsai,

When the injected light is swept to lower
the ) N rived

f, of p p

and -demultip) ‘,byusir:gas:b-

quency,
mode at fp d by gain i
effect and s polarized mode can build up
again at fs by spatial hole burnung effect.
We can take the similar consideration in
the cases of 8 = 45° and 90",
1. S.T. Hendow, R. W, Dunn, W. W
Chow, J. G. Small, Optics Lett 7,
356 (1982)

P8O

pend on the cavity ani: pic loss of p
and s polarized modes and the splitting
b larized res

onant frequendies, fp and fs. We assume
that the slave laser with fp > fs operates
on p polarized mode at first for 8 = 0.
When the injected ight of p polarization
is swept to higher frequency, the s polar-

A new type of oplical band.pass filter using
total internal reflections

DerChinSu et al

The architecture of this new type of op-

tical band-pass filter is shownn Fig 1 It

consists of a pair of transmission-type

volume gratings' G,, G; with identical

structures in the upper part and a pair of
flection-type volume gratings G, G,

4

o 8

beat
o
I

o
13

pol.

intensity ?mcnslty {requency
°
[ mrpererwl

s pol.

intensities of p and s components of
polarizations.

with id in the lower part.
The K-vector diagram’ of each volume
grating is shown in dircle near that grat-
ing. The output of the upper part is the
input of the lower part, and the perfor-
mance of the lower part 1s opposite to
that of the upper part. For convenience,

. the performarnces of these two parts are

b . D
A

strate-mode grating pai.” Opt. Lett.
15, 1629-1631 (1992). N

2 H.Kogelnik, “Coupled wave
for thick hologram gratings,” Bell
Syst Tech J. 48, 29(19-2947 (1965).

Laser Metralogy and
Environmental Optics P81-P83

P81

Fiber-optic laser Doppler velocimeter using
a directional fiber coupler

Jae Hruﬁg Jo. Jong Soo Kim, Wan Hae
Chor, Soo Chang, Department of Physics,
Hannam University, Tagen 300-791, Korea
Laser Doppler velocimeter (LDV) that is
proposed firstly by Y. Yeh and H. Z.
Cummunsis’ 15 a well established tech-
nique in many fields such as fluid me-
chanics and thermal engineering.! It pro-
vides remote, absolute and non-invasive
meastrement of the velocity distribution
within a probe volume, with high spatial
resolution. However, there are still some
problems in the LDV system, its large
body, large probe, and high pnce, In or-
der ta solve these problems. the versanle
ity of the technique has been extended by
the availity of optical fibers and related
components.’ Fiber LDV system have
been also developed to enhance the po-
tential of the conventional fixed-type
LDV." In this paper, we have proposed
the possibility of the small, light and re-
mote fiber-optic LDV system with a var-
iable directional fiber coupler (DC) in or+

¢ desigmet crewal vivricage
———— kel

' — Al

P80 Fig. 1. The architecture of this
mew type of optical band-pass filter.
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der to measure the velocity of fluidsin a
quartz dye cell of the dve laser on work-
ing and to produce a sufficiently small
instrument.

Figure 1 is the schematic diagram of
the fiber-optic LDV system of forward
scattering type with a DC. Since the vis
ible light is useful for the arrangement of
the optical system and to seek for the po-
sition of a probe volume, we use the red
He-Ne laser with 20 mW as the source




laser Doppler velocimeter
system of forward scattering type with
a variable directional fiber coupler (DX),
where L1 and L2 are lenses, PD the
photo-d BPF the electronic band
pass filter, AMP the 60 dB amplifier,
OSC the digital oscilloscope.

o et

P81 Fig. 2. The Doppler signal
detected by the photo-detector (PD)
without pedestal noises. The fluids
velocity of 30 cm/s by using the
Doppler frequency of 111 kHz and the
fringe space of 27 um 1s obtaned.

beam. The DC is made of two single
mode fibers of He-Ne laser with3 m long
and can be controlled the coupling effi-
-1 by handling distances between
twm The laser beam is divided by
two beams with same intensity by DC
with intensity ratio of 50:50. These two
beams are colliminated and focused at
the probe volume in a dye cell by micro-
scope objective lenses and focusing lens
Li. The scattering signals is collected at a
detector by the collecting lens L2. The
signal detected by the photo-diode is ob-
served in the digital oscilloscope through
the electric band pass filter (BPF) and
the amplifier (AMP). Figure 2 shows a
Doppler signal detected by the photo-
detector (PD) without pedestal noises.
From Fig. 2, we obtain the fluids velodty
of 30 cm/s by using the Doppler fre-
quency of 111 kHz and the fringe space
of 2.7 pm. Next, we will try to get the
backward scattenng signals by using the
improved probes that will be made of
two transmitting single mode optical fi-
bers and a receiving multi-mode optical
fiber.

1. Y. Yeh, H. Z. Cummins, Appl. Phys.
Lett. 4, 176 (1964).

2 L. E. Drain, The Laser Techniques
(John Wiley & Sons, Chichester,
1980).

)
3. D. A.Jxkson, J. D. C. Jones, OpL
Laser Tech. 18, 299 (1986).
4. Y. Ikeda, T. Nakajima, S. Hosokawa,
R Matsumoto, Meas. Sci. Technol. 1,
260 (1950).
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it satellite which is

scheduled for launch in February 1996.

The RIS is a single-element hollow cube-

comner retroreflector with an effective di-
ameter of 05 m.M

In the RIS iments, a Laser beam

is transmitted a ground station,

reflected by RIS, and received at the

=—— model
= etreived
Ee
i
z
E
°
0030 g0 10 3o jgre

Nurtes Densay of Ozone ()

P82 Fig. 3. Ozone profile retrieved
from the simulated signal.

tracking system and a laser transmitter/
i system for sp pic mea-
We use a tracking system

ground station. The absorp D
of the h i d in the

with 3 1.5-m diameter telescope at the
b Teations R  Lab

P is
round-trip optical path. The column con-
tents and the vertical profiles of atmo-
spheric trace species are derived from the
measured spectra,

Figure 1 shows a schematic diagram
of the ground system for the experiment.
The system consists of an optical satellite

TEA €O Lasen

P82 Fig. 1. Ground system for the
RIS experiment.

Tore tver)
P82 Fig. 2. Simulated retum sj

(photonnumber per shot) in the ozone
measurement.
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We
developed an active satellite trx’.king
method which utilizes the image of RIS
lit by a second-harmonics Nd: YAG laser.
The active method will be used at the
same time with the programmed tracking
to achieve the accuracy required by the
RIS experiments.

For the spectroscopic measurements,
we use two single-longitudinal-mode
TEA-CO, lasers which have capability of
switching laser lines rapidly” One of the
lasers is tuned to the laser lines close to
the absorption lines of the target mole-
cule, and the other is used for measuring
the reference signals. We measure high-
resolution absorption spectra of the at-
mosphere by using the Dopplerstuft of
the retum beam caused by the satellite
movement.

Figure 2 shows an example of the sim-
ulated return signals which is calculated
with the actual system parameters and
the reflection characteristics of the RIS. In
this measurement, the line of a CO, laser
is switched every one second to measure
the two absorption lines of ozone seen in
the figure. Vertical profile of ozone will
be obtained from the spectra by means of
inversion method using the pressure de-
pendence of absorption line shape. Fig-
ure 3 shows the ozone profile retrieved
from the simulated signals. We plan to
measure vertical profiles of ozone and
methane, and column contents of CO,,
HNO,, CFC12. CO, N,O, etc. with the
TEA CO2 lasers ("C*0, “C*Oy) and
their second and third harmonics.
% icatic Laborstory, 4-2-1
Nukui-bita, Koganei, Tokyo 184 Japen
1. N. Sugimoto, A. Minato, Y. Sasano,

CLEO91, Baltimore, p. 450 (1591).
2. A. Minato, N. Sugimoto, Y. Sasano,

Appl. Opt. 31, 6016 {1992).

3. R.J. Nordstrom, L. J. Berg. A. F.

DeSimone. N. Sugimoto, Rev. Sdi.

Instr. 64, 1663 (1993).
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Improved
Kodulator through the use of Diffused
Quentum Wells, EH. U, W.CH. Choy, The

Performance of Vertical-Cavity

& single-tnode 633 nm He-Ne laser are

on and K Ti

Unified Filter Modulation Synthetic
Discriminant Functlon, RK. Wang, A,
Watson, C.R. Chatwin, University of Glesgow,
Glasgow, UK

Via the fitsr modulation operator N, the modi-
Mﬂlﬂmmﬁmmh

e o it el

iyl org o g
wavaguide with tatscal cptica! conf can
be produced using impurlty induced disorder-

P76

A Compact Implementation of Optlcal
Omega Network, KW. Wong, T. Ngai, LM.
Cheng, City University of Hong Hong,

Channet ¥ guldes, A. Niy M. Toag, Hong Kong
Koshiba, Hokkaido Universly, Sapporo, Japan Atechnique for the
A unified scalar finite approach is wmmkweym

daveloped for both TE-#ke and TM-Eike nonfin-
wwavasnﬁvee&nemu!opwumvw
wides. F

this technique, the whole Omega natwork ks
reakized by & single set of optics in & time- mut-
) . .

e(wwm(beswmodmxmﬁn
ear channel waveguides are investigated in
detai,

P72

Propagation of Incident l2n-8

Down  Adjolnlng Nonlinear Plznar
Waveguide, J.-S. Joong, SH. Song, S.D.
Jung, E.-H. Lee, Electronics and

od by Injected Sght with the polarization
axas of 0°, 45° and 90°.

P80

A New Type of Optical Band-Pass Filter
Using Tota! Intemal Reflections, D.-C. Su,
J-T. Chang, W-R. Lin, Y<T. Huang, National
Chito Tung Univershy, HsinChu, Tahwan,
ROC.

A new type of optical bend-pass fiter which
ists & paik of fype volume

gratings and & pakr of reflection-type volume

gratings is proposed and & sample Is fabd-

catad for testing its quakty.

LASER METROLOGY AND

ENVIRONMENTAL OPTICS

P8t

Flber-Optic Laser Doppler Velocimeler
using & Directiona! Fiber Coupler, J.H. Jo,
J.S. Kim, WH. Chol, S. Chang, Hannam
University, Tasjon, Korsa

We have designed and fabricated the fiber-
optic laser Doppler velocimeter using & Girec-
tional Gber coupler in order 1o measure the
velocity of fluids in a quartz dys cef of the dye
faser.

3:-3
Laser-Long-Path Absorption Experiments

manner. . Using the Retroreflector in Space (RIS), N.
Sugimoto, A. Mnato, 1. Matsii, Y, Sasano,
PT7 2 Insttute for d Studies,
Appﬂcnlon of Reflective Blod( Opﬂcs toa ibaraki, Japan. T. htabe, T. Aoki, M. Takabe, N.
Discret: 0. X. I PR e
Matsushita, Osaka Ccry L si Osaka, R t Tokyo,

Japan

Reflactive block optics (REBOP) is a packag-
ing technique for rigid and reliable optical
computing system. We present experiments

Taejon, Kotu
In _

ona inary system based on REBOP. in
addition, we proposs use of a self-aligning
ique for REBOP.

beam excitation after propagation of few hun-
dreds pm.

OPTICAL SWITCHING, COMPUTING AND

Japan
Plan (or eam-saxelito-eam taser long-path

using the
in Space is presented. Vertical profiles of

- ozone and methane, and column contents of

CFC12, HNO,, etc. will be measured with sin-
gle-longitudinak-mode TEA CO, lasers.

P83
ngh'Awuncy Oimenslon Measurements

Comp Optical Parts  using

tor Free-Space Optical
Using Focused Gaussian Beams, H. Sasaki,
K. Shinozad, T. Kamioh, Ok Electric Industry
Company Umited, Tokyo, Japan

INFORMATION PROCESSING Numerical simutation reveals that the align-
ment accuracy requirement for free-space
T3 optical interconnection s saverer for lateral
Optical Adaptive Processing for an misalignment than longitudinal ons. It is also
intensity invariant Patien Recognition, K. shown that lateral misahignment requirement ks
Matsuoka, M. Taniguchi, Y. Moluno, Oszka greatly reduced by using focused Gaussian
Nationa! Rasearch instadts, Osska, Jepan beams.
We propase optical sdaptive discrimination foc
2 patiem recognition by using & two- P79
systam, which achieves an intenelty Optical  Polarization Switching and
gnition by  adapli ki Bistabllity by Infected Light in 6330 He-
simulation resuits show the pecioc- Nol.uor,'l’.Ohh.S Otno, Y. Aoro, T.
mance of optical adaptive ckacri isha Universly, Kyoto, Japan
Opticat p 5 fiching and in
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Fe OpﬂcllPuk« K.Mnncshma
HoM Nasons! Fi y
of Matrology, larald, Japen

Dimensions of complex optical parts are accu-
rately measured by using femtosecond optical
puises. The ovedapping optical pulses from
the parls can be separated by making nonlin-
ear second- harmmonic conelation with refer-
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Cat.-No, 690.072-0S)u2] H&EEXE F3 stgch :

* 2 dIs 2 Y d74e 3E5Y Mido|xg AL Az NLH
5 &30 NHIAEE : 7] 93-23)9] dBeow £y s

(1) Tariq S.Durrani and Clive A, Greated, “LASER SYSTEMS .IN FLOW MEASURMENT”,
PLENUM PRESS, NEW YORK AND LONDON, 1977.

-Pa-57

- AN vlA3E o]&3 FHE AA AP Fo4y EM AFH,
AGR, ol FX¥ £39, I (KIST). 94 otA3E o838l iy F%
A BFE(A= 155 pm) FHHF AZFAE ARSIt BE FHRET Geol
Bol =9d (9 mole®) FARE S5AFsIgey, 4 nt2aE T8 KiF
(A= 248 nm) #FolA Y Fresnel 272 AA YA 23 FHHF coredlo] F713
AAE YA4AFHL, A= 155 gm ZAAA Py HAE5HL Atk =23 F
iiiﬁlj}};:lq%ﬁ%% o] &3t AxF AWAAY EAx vndd FAAHAT
g 43 . :

¢
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GBS RS o2t BUG 2ME B A4, A ZAE,
as(gigel). 0.633 o DUARE PHHE o] FHF LYY AU ol&3e] MY 8
8 HE AN FUR AMT PAAS TNk BHR WYL AW §F Hef
A U Fg o] Zrizle AHMER oo EARL o2 HolM U V&R BA W
Eof ulRo] 2MI YR F HgRUc) o] 2MFIYE Fourler transform AJHA F2e] 4
B8 = H9E &3stqch )

1) J. L. Santos, T. P. Newson, and D. A, Jackson, Opt.Lett. 15, 573 (1990).

1.3 miilele s dolAel 0. 68 m ToleE dolAE ol2qt 4
ber-optic LDV &] Ak, zgtal), o, ZAFE zb4(3hdr]). 1.3 m tlo]| 2= o] )
FEE FEF UBE AW Aty F 3Goe2 ERit ¥, ol& laser Doppler
velocimeter(LDV)9] ZHFHE Bste HB=Fo= 8313, 0. 68 m To]2E Ho|A
o] F&E BEF BUE Al ohE Y] AN &} A E mietsie el
o2 Agdigdrl. 223 ARIE =89 AIFELS Ak ik 271x] Yel=
avalanche photodiode2 ZA&3}gTl. ZLelx of X ES 60 dB 8] 5F7| 718 electric
band pass filterZ burst X132 THE ¥ high speed A/D converter 2} fast Fourier
transforn ZEIPOR o] A F 8] FulE FF3I, o|2HE F4Z A4rstdch

1) Thang T. Nguyen and Le N. Binh, Appl.Phys.Lett. 45, 1163 (1984).
2) Manfred Stieglmeier and Cameron Tropea, Appl.Opt., 4096 (1892).

Fibers} chipe] AEH F4S 4% BH 3 InGaAsP/InP

Besze) 4 4 AT A5T, 0BE, o240 AT (BIAAEIDTL
2 BAAATY). Feuse $E2A0F 1FY FA9H, PE=s] S5 3L F
AH 23 A QolA FHFS) =n2e] AEY &L 279 A5 u[HE o
£ F23 BAolck. B AFdME F2S9H A AF $4Y BFHo= BE P
InGaAsP/InP E¥}20] =35 FXW3}(single core:l.12um(Ay) InGaAsP, double core:
l.OSum(lg) InGaAsP/InP/1. 05um InGaAsP, triple core: 1.12um{A,) InGaAsP/InP/1.12um
InGaAsP) /InP/1. 12un InGaAsP) o] we} QYT E FTH2E HA U AFste] fiberst
chipe] AEY &8 U =3954L uz FEFUL =29 mt Y AZY 4L
BPMH-S ARR3te] simulation ¥Fgew], BE ¥ T2 A& RIEE A3 rib
2 P45 LPHOCYD H-& Ah&-3te] A stk

1)I.F. Vinchant, 1EEE Photon. Tech. Lett. vol.6, NO.11, pp 1347 (1994)
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FRIFAR AU AE# RIANS EFHINHUZ INIS 3=
KAERI/CM-121/94
A5 /7 ¥ 3159 JigolAL N4 Az Y25 §37s AL

AFHYA & FA

Z A F, Ttz s

d 7 AR PAY

2, 49, AR, g (Bdita, EL3a

A I B - sy 7i % ARG I3 4L ul3iel | 1995.8.18
¥ o] | 111 P. =¥ 8(e), B() | = 7 cn,
iR Ll

HIE@I—‘?- FA (e )eliedn)( ),__Fud BIANFF e 234
A7 hdeta AlofF ¥z 3%7] 94c-28

&5 (300%to] Uj¢])

nEY Y olAE

SEREE RS

AZRgel dolA i FZE diFd A7/ F83817] H§Ed,
A 2 olg o83 2L FH o MALAL Aot ), of
€ Jsld A9 2 YigolA Yo FF FRE olgsly i YR A
freol g AEHJAE & + Je Y44 2dL 3gsta old] t3 computer
simulation& A|=%t}. 23 old dist 4¥F ZAE Fuswy, I f5 2 &
o tigk ARE A7) A5y 7= 44 LDVE ol&sto Hadge] §534S
A3 S 2 129 qagoAs FEsn Y A HolAe &9
2 oA {5ANE AXTAHeR 57387] 915t 48 Fiber-Optic LDVE F
4%t g3 o] LDV ® AlEg ol ZAAE o438 A2E Y4a4L mgsn Al
s, LDV ¢ turbulence $3FRE 0|48t AZE Y44 H5e Hrigr.

FA 719= (102 W) oA =& F&A, WEFE 2%,

At 44, ZF43 A, Fiber-Optic LDV

sex QRAE 2o,

x THPUE o]
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