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SUMMARY

[. Title

— Development of Optical Computing Techniques Based on the
Spatial Optical Modulator

II. Objective and Significance of the Study

1. Objectives
Development of Optical Computing Techniques Using
Spatial Light Modulators
— Development of Real-time Optical Image Processing
Technology Using Spatial Light Modulators
— Establishment of a Technical Basis for the Optical
Novelty Filter

— Development of Real Time Optical Pattern Recognition
Techniques



2. Significance

— Establishment of a Basic Configuration for Optical
Computing; Optical Signal Processing, Optical Information
Processing

— Realization of Real Time Optical Image Processing
Techniques

— Establishment of a Technical Basis for the Very Precise
Optical Instrumentation

— Improvement of Industrial Production and Factory
Automation

— Development of a Fully Automated Moving System and
a Robotic Vision

- Development of a New Target Detecting and Tracking
System for Military Use

- Establishment of Real Time Optical Image Processing
Technology Based on Low Priced Spatial Light Modulators

I0. Contents and Scope of the Study

— Development of Integration and Differrential Techniques



Based on Photorefractive Crystal

-~ Realization of Real Time Phase Image Dectecting System
Using Spatial Filter

— Development of Matrix—Matrix Multiplication

— Development of Optical Swiching Techniques Based on

Photorefractive Crystal

IV. Results and Recommendation

— Characteristics and applications of a optical phase
conjugation were investigated for optical information
processings

— Characteristics of two-wave mixing were investigated

— Optical phase conjugation of two-wave mixing has rapid
response time, low energy density, high quality, and high
stability

— Optical phase conjugation of two-wave mixing can do
directional and totally directional edge enhancement of
optical image

— Michelson type interferometer and optical image



transmission by using optical fiber were done as
applications of two—-wave mixing

— Optical memory of photorefractive crystals were
investigated

~ Holographic devices were investigated for optical
information processings

— Matrix—-matrix multiplication by using photorefractive
crystal and by using holographic devices were investigated

— Novelty filter system were constructed by using two—-wave
mixing and the system has more fast response time than
SPPC system

— Above expermental results will be useful for the
development of optical techniques anda optical computing

system
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A 1% A =

29 IfF SN HEA, AFZEAH T o8 Faq, I H
AEAE 9 AERAES B3AFTH +EE 3 82 €771 Ha 3
. B7)1€9 3YQ ujAyY B2 FolA (eg., FEEA E2A)Y v
AYPFE o] 83 ALE viFY YEZE JAHE Y (beam)d FH
o1 ¥ AH(phase), BHA (polarization), A7) (intensity), A 3}H}3F
(direction of propagation), &34 (frequency) $& U& Yoz X3
T g A E9. ol ¥lAdY B3I FAHAFHEY A4 849 I
4] A9 439 interconnection, FAe] WHY A, AT I,
Fring, PAZLA TS A8 TP ¥ B

F=AAY AAEL o]lk3Ie vAY B F EoFEAM optical
phase conjugation(OPC)& A& F=3dA B 4o 3 AA
e BEAFTRE A EHHE $4] vAE o] ¥y I JAME
o] BE2E AY3) QAP FF AN A, BASY B2
ol ¥ diffusive ds] 9@ HAFol 9 (distortion)E RAAY
Act. OPCY HATd 54L& o] 8389 FH4 (optical computing),
FAEQAY, FGA2N4, novelty filterd] ¥ A)FIL AIZAFH T
9% 5 A 8. Oxe AFHY FHQA AFA (accuracy),
2P %4 (programming flexibility), #°]1% 3 (control)<
o] &3t OPCol| & 38T 5 U= FAR 7159 Aldolv |4
X ANEAEHE YT == At a33Y Vel 82 HH3IE)
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A= A2 diFe BEA (massive parallelism)3 high speed
7 3A g7S = olE f3 olH¥ V€ FAE M= AL
gl o FRAJY BHAFR 7le Ado] IA 875H Y.
71=d dFe HEAYH high speedd} 2L FHAFHES AT 71E
L4 Bylo] olyd FAFHY HA 82492 neural networkd} o]9
T 499 A AdE FHFY FHEA & 98L I I ¥ 9
2 QA3+ FH & dHolHE WA AT thresholding operatione 7]+
o2 3+ AAV)Y(associative memory) WA o2 AHIHE e AL
2 48X Qe FEAUF] FAHAH T3 (error correction
capability)€ 7FX|31 R E HRZHEY AFF9 interconnectiond] 7|
A5 e dY R FFY JAYH F=o] HEdt. BT Ve
o] &3ty Zi& ZHEER FFANE ATH computerd TAHO FH
9 Eofd # 58 Hi er olg ¥ 84 VIR A Y
Hi e AL HAdY JFaAE F FHXI), B9x LA
(optical thresholding device), B¥l4d A AHoptical interconnection
device)7} low 3 3= FHEL o]d /MELAE o] & FHH
FE T4V ¥ BAH ERIaPE o]8T W R olES
compactdtA A3t WA T2 FA43} U} o|FdA XE7t
A d7dE EE2O¥ G719 FA e BIFEAAN 2AY ANTY F
d< o] &3 AF #HolA FX7IY JMEdE ol &F F=F FFTI,
novelty filter && ©] &% #3FA|EH Fo] AAHI T AA OPC
o &% FARE B AMIFTAHY, Jdd F AY, ¥F, Y%A T #I

32
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Aute] AX FHFH 7le FERE 3 G4 471 1Y Fo $l
=

T B2 /gL 1960dtH¢) Holography 1} Fourier ¥ &S
4o Q47 gdEo ARAHUG & 4 oy, dA 24 dA+%
5L F BAAVE AL3E 19803 olF FUHJUC. @A FI
U7 Y, o3 2 A, BAdt, AVAZe BANZE
HE, W22, programmable 33 BHH, 315 vlA¥ 294, AA3
2239 5 1< RARAYE 99 LTHE ZE 7159 $U75A
= BAFa 93, 3 dRe AF4AFA AMNEFF AZFSA7A &
o}, ofFA 7R diF-E Y Jle2 7Y AHGAE HAYA] X
3t ).

¥ dF= BZ3A(Photorefractive) ZAAIF} LCLV(Liquid
Crystal Light Valve)Y} LCTV(Liquid Crystal TV)& o]&3% HAHA
g] 2 FAL Zledy Ade] dF dF58E BEFHCE Y. A 2
FolA BAR A8 4R TVY F=32dA4 2AQ BaTiOsy] 54 H
Al2gE AL8Ao) I dloof & My F& 7|3 ol &84
AH disiAE Z]e3dd. Al 3 FoAAE A 1Aad %, 2apd k9] ¢
Tol ojoj A B|EZ A AAFE HAAFYdRE S T UE BIEHA
27 BaTiOz8] 13349 SAALE o] 83t JFHAFHA OPCE
S&37] A% d+E V<Y, BviEe B interconnectiondl]
de A% 7l er JFAHE AYrlsdA o9 & 7MEAHE
Lol Bk
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A2 FHAFEE AT 43 TVt =44 27

Ald 943 TV

dAl ¥ BEEVI= HEAY, ol H A, FAMN, A7
N3Ze] FATZE HYP, W2, programmable F3IF BEFY, 1& ¥ A
d =9A, AAIY E23Y F 1S FAHRAEHE 8 87HE BE
7159 Y7 e BT o B dF7F 30 Hi gt
a3y o)L TheAE avte FIWMEAA(SLM: Spatial Light
Modulator)7} Al-& 5 ool 3}y Ho] A7A Y A TVE o] &3 A
AP 3% FHEAEE FEsEH L = @77 IA¥H o F
HEALAE 0]&3te HAAeE JFIAHQA HHEHALHE 3 dHde F
7HAl &9o] A iy CCD7MMEE 48 A4S 4239 331 4
oA FEAIFIL o]3d 7IMH HAFE JAAA 71N ojatd A
g 42 FEAIIE Aol & v I A& 71A BEA
9 "YW &, ¥ T EIAAN GEHo] o]Fo] A&
FUALAE HAAAAM 2 FEY ¥ =95 HHE AJAAA
Y P L 3= Aot watA FHERAAY] £3)%5F contrastE ¥
A A FTaF WFE FEEHA d9. gty oez 43y TVY
contrastt He-Ne #o]Ad] di3] 109 AXojy AdiF oz m7E<Q]
FNHZ AR contrastE F 100914 F 1000 =o]x 349 =)
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7F 9 3g. FEERAZRE gray HEE B GARFE v gGFHw o
d TV g F3 Al&2dE FAAE 399 contrast ¥ grayE A
AR A T 3EoF Tt

+ dTdA = CASIOY 2Ed TV-45AEFE A& (ad 1.
), 9 A4F TVelw =7)7F 40mm x 60mm o] HA celle] A
¥+ 130 x 180 7o) Z} dAAS =AY]E= 320um x 320umolgT). ¥
REHQ A TVels €8 wrFHolmE TP vligtg A 33
M2 g8°] € £ Ut 94AFY gH e VFHRE AANS
CCD 7iv|eto] 923l JdHIF4ES TVAA YA 3. H33
o] 4o & Hd 10:1 AEY contrastE YHEI® g3 Ay
AHE FA oY FE8AHAE FAIAY. 19 28 3& 94F TVE
°] &% 4 ATt edge enhancement$} 713HAtE AEE Aol we}
A A 7R AR TVE o] 83ty ddt AT BARAEAZYE AT
FHELRE ARE0] 7@ & & AAH-

Al 24 2R R A& FHEAH

BE2AY AAHL o8t vl FIte F KEolE A optical
phase conjugation(OPC)<& AR E JF2EA EA S g3 JA
Be] ELFdE HE SHUE HAo] viddE o] &¥yE O JAHR
o BEE AY? AR Yo F3 A=A X, BHI} FEA
odf ¥<1 diffusive W& % HFo} ¢ (distortion)& RAY4T F

19



¢ 1. FFHZAAZE ALE3H7]) 3| AARE 9 TV

Yy HA s - =
39 2. 4F TVE AHE3td 9 A A3t Edge Enhancement
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Aot ¥ 4= F=HAY Z2A o3 AR OPCY §4& UeUle=
HEHSQ 23 Y& dodiv EF gsjr A dIFE AL
ad 49 (c)st 2ol Ao d3te A€ AT 5 Yo o7y
OPCe HAAFTd 44L& o]&3to JAAL (optical computing), 33 &
A4, JFAA2, novelty filterd] ¥ A|FIN ANEAEY F& P
T UAA €.

BF=dd EZE o8¢ 2434 HyERTI FHEYH 23
7€ LS A3 Vs, &A™, 75, 48 FAYG9A B 477 1
g1 Qx EF LCLV 59 7le 28 HFHS CCD 7MY =
= 93 H¥ 3NN Y FAJAAANE & 7 Y= A &
A, Ft B 71¢e FAFHY FEDo] ofvx goz 37
€< A= FAF Zleg F9 duolt. F=EHAY EAA g3 OPC
€ 9t WHE o7 Hyo] Ut O ZTEFHY] AT dut¥es
four wave mixingo] 9% AC=Z FHIA Yo HYRP3I}= AJo
w2} externally pumped, self pumped, mutually pumped, stimulated
back scattering o] U+, Z e W o FSHE g mE
AdutH o2 7} AlAgo Wl YAFHrIS A9 A 9. 7 A
a3 e PJREqNE HYATARE 9 F e SPPC (Self
Pumped Phase Conjugator)'?: BaTiOs @A & JsAFE A3
A ez RE fanning™ We wHEd, o]E fanning P& AR
WY dbxto] o3 = HYloz FHR3}e OPCE FAURT. @A
SPPCE 9% HxZylo] 8ex o ¥e FRFE (IW/em® o] 3}l A
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a4 4. OPCY F4 B4
(a) I AT YA
(b) Distortere] &3] 38 I
(c) 32 (b)Y FAL OPCol 93 BHA3F FA4



= 20%9014 50% AES Fe uhAlge] EAF 2L AL F 4l
o}

BAFE AEHE FFE4 AR BaTiOs& AHgEu oo
zBstajol & Algo] Qlok 2EQ B AFAAN A 1d=] o]
A A 22dxe] AFS5Y A AL Qo] FART WA 1
stodof & Alghe AL8E #AH e zAol),

1) AARL WA} QAN LERA ) FYE stof g}

2) A ABAHL JU= 3}7) 93 A7H2ER BYFL

+X*] polingd}&jo} gt}

3) 23 2Fe AR & FFoT AE Aoln $AAY 7

A BHoZ AREA Avirt FHoy glojok Bt
4) HolAE HEol 7t AL WAB7] 93 F isolatorgE A X
stojof g,
aste] melHol & AIPET ARG YEe FEHE 7 A2de w
A ggEz Al 1AEE® @ 2xdE AR aMOda A
71&0] o] Ut}

Al 3 FEHEAY AAHY &8

BEAAY dA L AG 70ddg olFo FE  FAHEAZY
dynamic holography, ¢33 qof] 8] Ho g} R7])o A+
A holographic memorye= d A JHFH ol all-optical associative
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memoryEA4 AT7HI 2™ nanosecond? 71F R AASE=EE 9
54 718e] sbesta 34Q ARE 10%its/em™AA YHeo) FHed
Aoz AddA ¢y, o dynamic holographic 7] &< holographic <t
A A, image convolution ¥ correlation, S{§l <14], ¥y &2 F=3g, 3
24223, 3 interconnection Fo] €8] 7153y B A7/ &
P k. T Al o3 49 olFd 93 AT HAEH o
§ imaged] FHL FAIZE A= © Qo viF FTLY JES
3l J o four wave mixingo]W A7) 3o 2 A7l OPCy d 9]
A resonatortt WiASES AR E4E AEY HAdC E8H
Aok, E=F FI FARXRV|EA incoherent Y AL coherent Fo =
RE7L 7Hs st AR data 3o HEHAL er O Wk o
7HA] 31& ARAYE Y3 8+HE EE VY Y AHE Ry
T3 ). o]lE 82 FAFY ML v$ AHI d-EE 23 3
. BAFHE FE8HIL e FSEAY 2ARAL ZEFHLE FAHY v
APAHA §A49 7 @8 JAT 89 SU3E A3 A=Y
HZE 3 x=¥o] BR3P,
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Al 3 & OPCE o|&% F AHE A

A1l d F Hde o]&3 OPC

OPCe] 7]E 3 SAL A 1Adx ¥ 2ad% A4y 2
AN g4 dFo] Ho ok 1AdRxe 2ahd ke F=-Y EAH 9
FHEEY T V| A= FE IH 59 #o] A7) B4 oF
HAEAste] DA 8o dF Aolfen oFH FEA Fo A=)
A7) o) o3 W3FA edge enhancementE 3t AL HAFY
OPC 24 4+ ¥ §84& A3t 19 6& °] 489 AH
& YEd Ao 4379 AETo] edge enhancement”’} H AT o]
a39] oz MEL OPC 44 W F ¥l A3 93 i o] 3
g T UG BEFT A" AoA g B FFHE A 2™ 7
3 o] F ¥ AP(two wave mixing)L %t} Two wave mixing<
AN E HE3ER % imageW S 7T pumpingH HZ Z-§-3}
o A4 HRE FET 4 PP 29 8& T AP 98 image
intensity 5= ¥ A4FEH#E I9 8@)c FIEHo Fo4AA &=
o 24L& FTHEY imagefoE E7)d B A77F 2000WHeH
20006We] EH3HE Fo AE deAAN FET A5 19 8(b)sh
Zo] 800u4WRH. Two wave mixingd] EHE Folzld F H9 4
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¥dolE dA = Aol F2H & AQdAE F HAo)lg & 20°
2 3. o|]d two wave mixing & ©]&3 incoherent oA

®, positive ¥ negative image transfer®, %3

coherent image A,
499 ¢ Y 2% m=9 ANH? @ novelty filter'? S 2
< FAA ] &3 U=d E @A F AVIY F5FE HE

= 54 o] MEo] o7 71X JFAHR Ao FEF FEAHL &
A3t ol& B o AA{d] F LA o] FEAHSE AFINAH.
Quld oz SPPCo| &3 Aol & OPCAE fanningo] c-&2o2 ¢
oj1}7] wj o] AARWAAN c-F WIS s AdFIT AR
OPCAo) AAHA &E @0 ed 39 YxJ} IWem’BE7}
oo 3} Fule] A 9% OPCAL IW/em’rRth e 33 of A
= vl ¢ ARG A& A F YU P SPPCEZ OPCE I
3l3iH tdAad whEAIHE VYo = d3o] ey o FHlo ¢
& OPCt Z|&Hlo] SPPCE FASHA Y+ SHE FJA o d¥YLS o
ARRIEE AATOE ¥t 19 9+ F W€ o]&% OPC U9
23 YR 7R J1EWd H3se YAtzge] E W& SPPC}
ARHA F YIUES JAHLY A, Ax F& zARPen AF
91L& SPPC7} 3 dojuyA] @A B35S Asd 7l WS E JAE
. F ®l Z3d 9% OPCY YA ¢AE 7|E€Wd 93 <UAE
OPC7} A3t E 2 A3ZHF 7|&U S A3 Aol dojuR] &A
st HAo] dojd BE FAdAA veive SPPC €82 A%t
o 3] F=F3}e EQAINA Hed o= ZIEWd 93 YAHHE

31



A’

Reference
Beam
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SPPC w7}y Fo] QA E 21& FA7I171R ¥3E7] d&Eolt. o] 11
S F3EA ¥ 994N He AXNE 7|E€¥0o] ¥4 ¥ fanning loop
9] ol F & P AFE A3 F4ol AUrF 39 SPPC |4
o] AIZte] diE AL FL Aol HEEF FIC. AETHe T4
o] P Ael=E ol&3A € W AR UlFoA HkALEo] TAA H
of SPPC 9749 B77F EojXw 7I&yH9 o] F71etA =
SPPC F4o] At @&t AFdie AL AT + U F 19
A% 2% OPC LA SA4AE 9437 934 18 109 22 4
d TAE SAd. ©o] 489 EHRY IH 11L& OPCAE 7] 919
dgoz o 107°Wem’Eth L2 g YAAAA @& Aot} 1
dellA A v 45 UESY] € 2 5& 53 AP @A
¥ Aot wEtA FHle Ao 4% OPCe ¥ SPPCH 2%t
OPCE.t} uj$ 2 3o ANrj2x %A OPCE ANz d&
T JYeBE v|§ F8A40 ¥ RALE AAIY. HdAIT OPCY %
A olgfd] AZHle] X7t 7IEHY FUdol A wE I
12(b)s} Zo] A& EF edge enhancement’} €ojyttd. AT H
HAE 71€HY A FHNA 23S 9 28 1008 2L +
A A&l g ARE AT o] BHE FolA AFE SPPCY
W3k edge enhancement$t JBAA|AH B o SPPCY edge
enhancement= Y FH W waist7} vl 7t BAE FHY FHE 3
b9t XA F)1A] BE ZIGrt oldrt Al Ed. AWt o2 edge

enhancement+ four wave mixingo] €3] 7)F®W 3} AFZHe A7|&
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(c)

= il (—:; gJPC%?Oﬂ ol3] A7 OPCA
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ZAFEEA L F UAE AP vg B AP g AFHA
edge enhancement:™ four wave mixing9 align A 2 ¥ A7)
ZAd A FFE TX F3 A= FHE ZH §lo] o] FEA
¢ RS2 Alggd. 29 132 gray d49€ 2= AL 4YAA
A 4L OPC 22 SPPCel H|3le Fo 53 ¥ gray HHe RE
< Yehliz giot. a9 145 27 SPPCsF 5 W9 Adtel &% OPC
2 9L 5 FHE gray g EXx otk 29 14(a)8t o] OPC
o] &4 FFo o3 SPPCY 7 5o+ gray #H'#9 ZA ] £33
Aoy Id 14(b)ollA By A} Zo] F e Ao 9% gray#Hd
9 HELS AY FA5L U&= & F Ao

A2 A F Ye ol 4d OPCY $4

T { Aol 9% OPC7F BAR Ao vj$ 8¢S ¢ £
AT HAAE AFETY7E ol&3td AHAE FASIAT. AZF
B71E o83} TAHAEE 97 Wyol dAFHY ey FE=E
Mach-Zehnder7t4d Ayt Michelson P AE FA43tY dA S 94
T o] Alolo) MAHE FAeA BHFTH oI coherent YAA4E F
5 HEA7 L AH?, 27 15 Michelson AP 32 3
HAZ ¥ E387)9] 93] 283 F Hlo] time reversibility®] Stokes
o] o3 J 7NN GA AZFEHUA ¥ £V g7 F3
=8 VIAIEE t, rf t, r'o]a 1, r'e AAAFT YT ¥ FHEY
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z2 gdia A9 AL YL Aoz AAHUY. a9 16= F A9
A€ A B9 F=EAH Z2HE AHE3lY Michelson 39783
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9] amplitude® #¥ = QY1 AFRFL2 nEdx M5,
A IREES QTN 94TA%e Frjoln] $88 AT
o AFARe Bumoln 8L BHoly Holzm 2zze] £
FAR A FZ dTHo FAT. FUY TN WA B¢
A9 wAT HEo Folwe 4L JZ Fo ¢S AYPx
o Ftolwle] AL F2 FFA AR o & BEXA
o] % A AeL 139 TE 2349 ALE U e do
2 OXg Az ges: FB2A(light pulse train)® FILY
(optical encoding) ol &3} FA43 Fxjojujo] UHAAH AS$E
. $AgAE A4H FYAE Foiulolag AP g8
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ol 9% Fuioly AW ARASES ASAN2YY YPTAA AR
38 BA3E AP FAGNN B FNZE AANEZ HIRE
HH e AFE & 3o Ado FYE ARy @23 A% A2dY
TZ2E JE3 T 5 A BholHle] g% BFRY Y A$L B
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JAFARE o] 8% AL A8 AFI) BN ATFT YAT 2B
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JoH? - 2 Fade] e B JE QEA2 HY A
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A &" 719 AZo] © Fof JAHA7AA [+ ZI€HFH A5
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o Y A X oy =gol= 39 Y W9 AV|E eFol=
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Al 34d 23 OPCE o]&% FAHE A 7|

F2HY AL A 70dg o] Fd FE FABEAYY dynamic
holography, Z#4Z9dqe] ‘8&o] =Hol Ko =7 ATFHIUL
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memoryZ2A ATEHI 929 nanosecondd] 71F @ AAEE=E £
¢t 7120] 7l5da 3x9 AREE 10%bits/cm® AR Q8o 75
Aoz &adA UG, FAY AL o8¢ VY EFH vasY o
2] 7}A] B} BEAEHY 7S ¢7] 9 €¥E219 OPC di3d
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¥ Aotk 719 ujAd gHALE FTARE ALE3t9 2H33st9 7]
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N1q@Ax= Mg oz a9 259 o] FA4o] Hed 23sE AR
N 715 vjAl AAM ARBA Y A4S BEASH] H3|A Fourier
A AFHEE 1% FaFE 7190 HA £HY A7 7ISvjA o
Hell Aol HA AXA7IL 719 X € vHE7] H#A 71 wiAE
2219 H o2 o]Fo] HA FAdof ¥t FRFR AIHE AT U<
3 TRy 79 viAE A AAE 2E 267 Zo] 2xY
Ao g 719" FAHRE U3 E ARV 7I9EHe] e AXE A A
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T 3 & F FRAYI}=Y 8o € F U AEd AFe
Ex 98 71X 9HE EE2a94 71971 AVt ke BAEE
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il AT HeA At 8o U ERaH JYAXE 24
H3Q FRBE AEE T oy HEAY A4 € AV 19 Al
& Pormz HIdeE HAEE Ud Ho|AXwt £Fo]
thermoplastic fimE o0&+ WHE AI&3d1x Qo a2¢g 27
thermoplastic film 7] ¥ Agxolnt. o] FXe W& W 719
A2 ALESIER 53] FA AX7F AAHY JE A4 7]
oF A2 783ttt 19 259 FAE o] &3 19 287 L EE
gy J1gujAE THEJY. H2o) Eo] B A7V ¥Io Ax
3= dichromated gelatin(DCG) 3 A&E AH83tH F9 =& 3A
&S 2 7I9AANE AT 7 doev BB EE & A7) fl
ocvz £3) YT F Y+ siver halideA 9] @AFAE o] &3to 25 x
15748 E239E 2mm FASE JIgAHLey I E2aYPe AV
£ Imm x 12mm&@AtHIE 289 (a)). 719AIxl E2adL& § 13
22 49 BEUAAHEE Ao AARAH 8ol A4S d¥AY 2
d 28(a) di 2=¥F HA€o] oyt 19 28(b)st Zo] FREHE
YA Esly 2174 JZHAI A4S AAF vj$ 22 ABEE 7R E
E U2 B2 d77F QlojoF &0 19 29+ ZF ERO¥YY 3 &
2E3iE W 4 ER2aYP0] ZE H AEE ST FFoth =
Aol 717 Aol 4 W A&l FL29 ZFHAA ti EolA
W E&2 HIXE 7HAY et 29FY FEH AL E 139
a9 289 (a)& 71E3 0

58



6o

Multichannel

| Moduiator
Beamsplitter

/ ' 17X
Laser @’4 = |
— N = -

7 /
Moving
Tape
Cylindrical
Lens
f
Reference
Beam

19 27. B33 B39 9] FHE 21 9+ Thermoplastic Film 7193} e) AEs



3.14159265 ¢
3589793238
%2&433852
7950288449" ..
' 7169599375

(b)

I 28. T2y 71942 Ate = QALY

6O



220

200 l\
| u

180
__ 160
fo
S —o— 285mm
- 120 °®
O
~ = 100 ¢
)
®
80
60
®
40
1.0 1.5 2.0 2.5 3.0 3.5 4.0

Distance (mm)

19 29, 2A8A 7 300mme) A=RE AHEE 7|&F 7Y &£3H9] 75 A ©E
AdiF 3E A



¥ 1 5343 EE399 @4 € ¥9H3F
EEIEE 2 2 A 2
1. d A KODAK D-19 3+
2. 8 ST 1830%
3. ¥ j ¥ 98- Bto} A w7} =)
Potassium Dichronate 0.8g
(K2Cr207)

Sulfic Acid (H2SOs) 1cc
5 1000cc

4. q & 7T T4

5. 4 £ 50% "< 25
100% dig-2 28
A AX 1713}

oA AFE JjEFH Ezagney EAL o]&3d 794A
2 ¥uato] olvyg F interconnectiond] €8] € 4 =9 29 30
& 3 3 dold, HIo Eo] vla A Jige] wdE g o 9
oA "Hag AAARE Foz2 YYPYA = &7 FdHZ Yo
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