AD-A134 125  REAL TIME OPTICAL INTERFEROMETRXC IMAGE ADDITION AND 11
SUBTRACTION BY WAVE POLARIZATION{U) LUMIN INC
TUSCALODSA AL H LIU 15 OCT 81 LUMIN-81-01

UNCLASSIFIED DAAHO1-81-C-B120 F/G 20/6

END
firens

L]
otic




Lo s
=gk
e -

= e
lizs flea. pee

t
MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS - 1963~ A




g a s

2,
b
-
N \
'8 o
. .‘-, “
I " f
b, k-
S :
P d
¥
e
d
Tt
1
5.
<t
5
’
3
Fa
]
’
i
k]
o
o
i
3
€
Jg
o
Tespery
.g,s'.fj{ pYg.
IR KK A

)

3%

—
oy
g

3

gli€ FILE COPY

AD-A/13¥4/ 28

Lumin Inc.

Finxl Report

“n

Lot Lract

No. DARHOL-31-C-01l0

Real Time Optical Interferometric Image
Addition and Subtraction by Wave Polarization

by

fda-Kuane Liu

Prepared for

U. S. Arpy itissile fomnang D I l‘
Redstone Arsenal, Al. 25490
ELECTE

cmmobbhvﬂc*"'l"" 0CT 28 1983 .
pecalt legible

Gotover 1o, (201 B

LUMIN report lo. a1-01

DISTRIBUTION STATEMENT A

for public release
Distribution Unlimited ‘

P.O. BOX 5620 TUSCALOOSA, ALABAMA 35401

83 08 3 ,09%7

L ]
Y i ’ ‘ . - * : D 13 & 3 . e i i
e "V “;"v’&w’[:‘{{&m J f,é\‘.l &:ﬂr A e ' L !‘ NERE 4 .hv i) ,*’-.;g#.?‘_(‘,,;(:, . ‘




DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.

1




2 4
[

3 4
b

N

; ]

-t

CEAL-TINE OPTICAC INTEIRFERMMETRIC IMAGE ADDITICN

~A40 SUBTRACTION BY WAVE £OLARIZATION

ABSTRACT

Aoreal-time coherent entical interferometric image addition

ond subtraction svstes Lased on a technique similar to an earlier

——

b s b -y S 3 3
thearatical analysty of ihe svstem has been corpared with exreri-

sy o

data cntainad,

+ [T [N

tertion and reseclution power of tre

sushon with respe ' Lo the ize and positions of the inpat images

have tecen aralyzod in detail,

I
fccessicn qu

P NTIS ARl
DTIC 743

Unanncunaed

By
pistribution/
Availability_godos

r‘"‘ TAveil and/or
Special

%




TARLE OF CONTENTS

-1 I. Introduction . . . . . . . . . ... 1

) IT.  Theoretical Discassion . o o o . o o o o . .. 0L .
E [1T. Experizental Results | s B
) Ao The exoerinenta certeun 0L L L L g
Y L. Interference Ceinees pveaslted rvor the

% subtraction of (o0 open anaces L 0L,
C. 2esulty of suttractivn Potuoen hho Sheci
input Aeaee s - ey ad 2 weral w0 d

Ty, Loty A S .o L e e e e e
R : Tegepseolats o L7 the interterrroy fring e o :
O. The ety v st tnge oniouat plane i
V. Conclusioos
Apponais A e e T

Appendix B e 17

4 Appendix C e 17

1 : .
A Appendix D o S 14
References O 4
1 Table I O
B Table I O
. Fieure Caption: . . . . . . . . ... oo
o y .
) Figures 1 - 18 e 5 - ¢
:
) Figure A-1 C e e &
!

e

F.'y i




‘.‘ ¢
>
i
BOSD LTIl OPTICAL INTERFOREMETRIC MAGE ADPITION
g A SURTRACTION By MALC POLASTZATION
“u
‘\ 4 Introdnsty w
'3 Ootical ©ace addition and —udtracticr Ly holoarannstse ang fr-. -
. Ceromelry T have been dnvestivated by ovarious researchers.  lnococxt
q the intarfercneiric metrode, complex amplitudes of two image. trom dio-ore-
3 ent Tioit natiis of an interferoreter are recombined by a grating ar ! an
i ordin. o, Lolograchic beam splitter. ty introducing a phase difference of
| ~dnto one of the paths. the subtraction between the two iraces can
'} achicved. dewever, in the method usca by kunstmann and Snits:hui,an aralurer
E Lds used to readace onpoaite phases for the twe spatially se:oayated i
; and o Wollanton prism owas uced for the recombination of the two imace-.  Tope
;@ { wetnod s wouraretively simpier and ot fers the following advantages N
A
. caLior Lo Choneie the ohase difference betweert the imaaing paths oF the !
Treons cince this ocan be achieved by sirply rotating the anal,zer. i
1
ing cothe of the twe imaacs are relatively closer te cach other than tress
{1 inotere outes gning a dhchi-Zehnder interferoneter.”™  Hence the rithgd ¢ les,
vilneracic to envirencental vitrations. Furthermore, no holouraphic oo
splitic: s or gratings e required.  The birefringent Wollaston nris..
. compericoiiy avaeilable. However, although Kunstmann and Spitschand rorortoed
*hat subtraction has been verformed in an area of 3mm by 3 mn in their cxrer-
. iment. no theoretical analysis of their experimental results with regard to
the various optical components such as the lens and Wollaston nrism have
L been uiven. for example. they have not taken the aberrations of the wo'-
laston prism and the precisicn of the coincidence of the two images into
: —a— . o s it Sy -y _

- . g [ o — * ’ " . R v A PIRY ~ gy e
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consader sl b sk ride s shers cion ef R Uo e ton priam in e

Lt e ntbes e e ces o tne b traction ad cAdition and tae 1 ot
clrTerency, I the cwtens s dows Fer Dl roweip s we have invee tieat
e boproved cyren s The detalls of e tneor s oapoevinental presnit o,
experin ot dote anatysio o the orroved cystens aro deceribed dn the

R}

o ouwing Sectiens.

ITo Theoretica? Liscussion

The tacic principle of the technique of nerforming real-tire irmaoo
subtraciion and addition using polarization modulation can be iliustrated
with the wesictance of Fig. 1. Besides ordinary polarizers, 1 snecia.
colasization elerent used is called a wWollaston prisn.

oD 10 S is a coherent point Tinht source, € is a ¢~171 ator, .
and 32 are Lwo bransparencics with their arnlitude transmittanees 51(-,..‘

and L,§x1.v]} representing pespective v the two input signals Leino

cosaeds T menter of QI g Tocated at (—xO,O} and that of &, 15 at

“rotne invat plone Dy,oand bethoof thepare dncltined ot enoare anale ‘

Lhe c-anie o secwn da ida0 10 The dnput nlans 1, iy dvcateo at tm 00 o
’ ' {

aocal plone of the Tars . and the ~uiput nlane of the syster i at b

cack focal sdane of deav L. P ois a polarizer and AN is an analyzer.

and P, oure w0 mcdulasion polarizers located in front of the input trees

2

varencive S] and 5, respectively.  The unit-vecters along the directions

the princizal transmittance of P, P]. Pz, and AN, represented by 7, PI. AN

and A respectively, are shown in Fig. 2. W is a wollaston prism which is

located at the vicinity of the back focal plane of L] and the front tor )

nlare ot LZ and has its two optical axes parallel to P] and P2 respeciively,

For simeplicity, we shall assume that the two lenses L1 and L? have

the same fucal Jernath f and have perfect image formation properties with




the input plane I] and cutput plane 1., as a pair of conjugate plance.

)

i Since the spherical waves radiated by the points at the plane IX are
transtormed into plane waves by lens L], the Kollasten prism though can
} introduce oistartions but will not induce any other monochroratic aber-
rations for objects at plane I].
The complex, vectorial amplitude distribution of the illurinating
1 ignt at Ty ey be represented by é, As a recult af the polarizatior

codidation of Sooand S, the amplitude distribution ) dsmediately bednd

4 the prat onlane Gy
. v N R )y P
AR M 2( o Y !

Cheee o dodia ton prise in the systen, the difforent pod
trr o aten et S and Ly would not atfoct their ificoe lecations, any
heopee Coages ol otial he separated at the cutnut plane (.0 Fowevar,

1 : 4 ‘ . . . . .
St the ped o i otege. the situation iz different. The Woflaston

Ziah deflocr the 3iont beams nassing through it accordin: to the

s 0F the

(g+]

el or oot on state. As can e seen n Apperndix A, the valu

- .

. mgic . ot detlection 10 beans polarized aleng By and P ave both approw-
i [N .

dite s oguat to

! Sy

[ tf.\nA,nO - ne‘ N

anese o5 the apes angle of the Wollaston nrism defired in the Abrendix,
b ooand p are the refractive indexes of the prism corresponding to the
) e

srdinary and eatranrdinary beams resvectively.  However, the divectieons

Oof the deflections of these two beass are opnosite to each other. Thus,

PYowe adiuvt the dhistance X, to make the anale of inclination ¢ be evual

' Y

to the anule «, the centers of the images of S] and 52 can both be shifted

to be on the z-uxis in the output plane and hence the two images will




dited by doantortions, with eack other (see Aprpendix AY.

Pt attenuetion and conctart

clapr, ot

vhen Al ds placed in tront o1 I, as shown in Fig. 1; due to the

1

] relotienshin ameny P, Py, Pooand A (Fic. 2), the output becores
I &
S : .
2 n er‘]\\7~ i) - Q?(Xz‘ _,\'7)] A Lo

The doage suboraction betueen S1 and 52 can thus be achieved.

] Vorogyer, the fleribility of the preopesed svstes can be seen by tio
] - |
: ] Faot Lot hoenador 3 e recosoint carabiTities can be stteined b
F- S Wi o tTan of e eiative mroiar positions of Poand Pty
] GECTC U e e esnt e S Lal C0) i caused by a Teronaed
; N col : wl N fowe ratate by Z0 00 -
Kl
E 5 Lo o Yy Ticod o e et then Locores
] .« s
- _— N Yy, SN V)i A !
< < - < [&

ar D hercoe dmaae cddition can be acrieved.  Secondly. it a linear cuihiva-

4

tior of the two images 1s desired, we can simply rotate AN {or P) ta
obtain the feliowing output,

o -
v

0=y [5]("2' yz) cosg * Sy(xn, y2) sina) A (S,

-~

where o is the angle between A and P] and the "-" and "+" siyns corre,pend

- ‘ o g — - VPR, PN SRR YA gy 5t

)
1




to the cedretvios Lbown T Fig. S(ac and Tia. 3 vesroctively.

doosirple and convenienat techimique tor the Tinear combination
trese o e, has its practical hrnerciance.  Feor exarndo, in image sui
traction, the two transparencies ucuilly do not have the saie tranwit
tance over the supposed-to-be identical portion of Llhe two imaaes 4 -
the differences in emulsions or the oxposure and develnpment condit®. o
Thus. in order to carry out a true subtraction, o "weighted" subtracti.,
or a ligear covtination 1y reauived for the removal o the pseudo-

Jitrerences,

i Cxner  nental Resud e
S dThoe i ety et -un
feritcental o ooote i oo Tealty canstructe acoerding to
Pler o Faguse b owith Lhintr o oweaification . A S0 rl Hese b e

vas sy aw bhe Toght ccurce, the poetarizer Pois claced in o the raw Taier

boas berore fae ool nabing Jens O fho podarized beam, ofter beon -
paended Uoous a4 pin-hole spatial fijter, was colifmated by a 6-ircyr voe-
tur> se-inch feral-Tength telescopic lens €. It was found that the ;otar-

1zers Fooand Pyowere not required.  In that case, each input lrage ~roducr,s

' “

two Spatially separated images at the cutput plane, and the useless cori can

3

be ees iy blocked. The rest of the system remained the same except that
the imaging lens L2 was inserted between the analyzer AN and the final cut-
sut inage Iy. Five different lenses have been used at the position cf Ly
Tor the purpose of finaing out the influence of the Fourier transform on
the effect =f ~ubtraction. The important characteristics of the lensce are
Tisted in Vabie 1. The Wollaston orisik is made of calcite, with its f-ont
surface a-cea of Viem Ly 10w, totel thickness of 6 mw, and the split anale

Bf 57 tas snex oenie A s 245 rac. ).

S




2 o Interference “einges resultea vos the subtraction of
tw0 Open Lraces,

& During the exporvirental pro s, tne lenaes listed in Table oo
7

. e by oneorep el ar oo Figs Dot U tatnut Deege Gt 1, of U -

3 ,

FIre WAL i e vea Gl e s Wien oy o ) e citied dinagge bein e

slaced Dy b Ty s Ldteactio wac et o) Lotween twn gD S,
t
A ; A I Cotias Leeor frome teat o e noneible e
)R 4 1 .
: 1o e Ut s T i e e et reagns o Tene s g vt it
3 e A en T ) oot saaitas The cultiraction betwesn
WO oDEn 5o 5 dlds oerteren e tringes whicn wiil te analyzed v ot
# neel SeLtion. anen Lo doater U afarm Tens s slaced with ane o 4
4
- g two suriace, troine towood the Titht cource {(say Coientaticn 1) broster fntoe-
g .
4 1 “ercnce frimges can e obtained than when the surface is placed facir o auny
fros the Tight Loarce sav Orientation 2).  The phenceenon, commen to o]
1
the Tonses licted in Table I, {s further illustrated in Figs. 4-2. Fiaures

so

1oant Dopresent the nhotoaraphic »ecordings of the intorference frinies

"

Cour corv transforan lens |, was placed along Orientation 1 an:

!
o b e T yoricn . parts i these Figures indicate e aif!

sl ide
-

Qroeng

) cod orreosoliaston prdsn aleong the apticar axis.  when She Wel’ oo
sriccows plieed ot onesition a, the cark frince has a mixinum area in toe

Inlec teeree teinge attere o T can e oseen tnat this ds teae o s

e b e e s o Figure s 649 arve photogranhic recosding. ot




= thee o pon ‘r\an\\\Jhxre Do Do by Lvere nlaved wai
s . i

Py coventatoon boandd the Woioasrer pronowas seopesitioned that the e
P 4

o ¥ ;

it S s o T s osarts thye w2 A APE KN I SL T ER R

b i il WUl S nen e s, were s aeed adont Drdentation o e b
¥ st bul et Lhe dodraston pries crbitearily pocr i ! LUoiac

1 )

et Toanad thet along Urientation . ro metier how orooadiust the oo

Pion of tre Moiiaston prisc, there won naoway to obtain 2 oreater dard

~
[}

. 1 fringe area than those obtained with tne lens alorc Ceientation |

It fs dnmertant to note that tae darx frinces caused by the desiric-

Plve interierence of the areas in the twe open spaces ot the input ¢

5
!

- piane are {he o usal iooareds Yor tne pertoriance of the subtractien. Theooe-

fore, we bave 2t cunted o rapxamize Gre dark frinaes in the anteropar:

frinee patterns creatod Ho LI throush b, each alona the two cousible i a)

v

orientaticns,.  The recuits of computations of the maximum x- and v-dioonaion 3

+ .

{ of the Lirs sreas from Loce of the piategranhs of Figures & throueh @

oSt oadoarany L S ce o estimate o Ticted 'n Table 1. Althouth to C-
1] -
] ST doe ot e o XY for cache of tho ceses Tisted 1n Table L.

5

o

-
‘;
.

Loo v it along Orieptaticn 1 wonldd vicld the mawiz g ares ‘o

wubiraction o conraricion with the other leraps,

C.ooeesuits of aturaction between twe soocific input imiges --
@ cenny and o ometad washer,

Siace Ly vlaced a'ong Oriertation 1 has yielded the maxinur area
. of tro dark fringe, it was chosen for the Fourier transforn lens.  Tun
¢ - s -
e Te— T — -

o T s RIS o5 Aoyt o 1 L, g T
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bt PP Conny ol s net s waShor, e e DorennaarT i ey Lt

14

amt S s the dnoat o atoea 1oy of Tial Yo7 unitory transparont oo

clate win olocsd gt 1o o support ‘he pency and washar. The a0 sbD

are aittaoned toothe ol o0 plate b, deshie-ctick taeoo. The diwers»
the nency s oanprs xinehe e 19 e S04 )0 The metzt woasher Las oan ous
Thyneter ol apersaimately 9052 me 378" and a role din the corter o

divnetor of sboue 4075 0 (3716, The ohotograrsic recordinas showir

the suhtraction rexulis are presested in Tig. 11, The appraximate center-

te-vontor A tances betweon the penny and washer see 70 mn 12 2000,

D305 e 12 and Gonn (2 03/8") foaea, byoand ¢ port f tre i

crarke dn P 0 vesectively, Tre,e shotograph: bave 311 eteen
"~ N T Coa . v e Do e . ey W . Y 0 S e 1 .
Dartial o certarping, Sl ocompiet overtanping, o Lot R

oo tiom er Lo sashor ond the nenr s dIn the o otout oace 3t oa e

b ot st St ] b Tacts taat ave plancd e IR
Queeds oF che e vl gy o the e viviadty deranstrage Fothe Ll
P oot oo, The than hatr-Tie0 ecTng Petwenn Ui unoor ma

the verny o e wast oy daan indroriion of the resoiution of foe b

Crroticns The drreguiar traces of mavis o the dower yartion of e o

o~

chony tae arue ettt by the poeyy an the i nlate

sevn 1o tne tiece narts in Digure 1 that the residue qlue did vt oo
its position wen the penny was moved,  The glue mark is also an irdioats

of the resolution of the systenm.

Vo Deta Anatysis

In cvder to understand the cubtraction system thoroughly, the Sri.»-
torence fringe petterns as shown in fias. 1-10 require a theoretical irnter-
presation and tne deoroe of accuracy of the subtraction results noeds

arlveod e madl dyccues trese two acrects of the system as folli.

e - —— - s . o e ——— " = T T DDA s b =

S o)
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L]
”
L]
)
" A, Intorprotation of tee dnterference fringes
;' ~- : bl Y B v
& | The trooreticael aodel that we propese to internret the interfe von
I
b - fringe nattors canumes that all optical companents uood in nur o+, o'
5 opticaly porvect, d.e. . tne Tenses are free of abeveations.  Phe o1
o that the frainge wrpear ot the catps 7o T matndy due fe b fa
O R L T L e T O e A TS S
] DOINLS o et VR A A et e Thel
i S o LENAR Lot St N ,
: ! . Y fooen . v VoL o
’ 1 i ! :1r?‘¢' [} H ' [ M AT Pyt .
U A I R Voogaati ’ ! S Yo
azed ono e Tranl oran conoepts The Tiant vow goncert ds b Do
aporostet oL Ot pererioo T opticn, since weoassure that thoonaer o
cf Vigiet orveastion s obe o aeglidble dn the dresert case. More et
A the noder ave preconted betow with Lhe help of wome iilectration:
Sopart oo the faage processing systes ¢f fig, 1 s shown in ore tire
1 dotaiic in Jic. 170 Point o, is a certain noint vith coordinate: oo
3 R
at Lhe cuteut plase, fased on the creinciple of gearetrical »itics, 140
! '
not difficais o Ving the Tceections of the two input plane pointe . o
4 tnat corcear one to the outrut point p,. since in the adealired cas ooy
Ehe assur Ui Sl the systom IS tree of aberrations and diffraction, "
Lor g b er @ bair o condurated object/image roirts. The orttod
. 2
Sohetwaen o Tor oY and Dy can b evaluated alona any raw prssing theey
t e
1 catnool thow. To be spedific, we onoose the vays ariginating from oo ard
U . R ) )
Soothat e barallel Lot optical axis before tney reach tne fourier
f: trassiorn Yens.  toence the two ray would intercept at the back fecel ot
3 ot the lens.
4
i
.
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R S U AL S AR S SRNNTAN BEER AR GS NERTERNIS S S S A
. Tay e drawn e tap oo o ranns of ot vayes Lot oo
oo Cooaorilaston corans T e das b, 3t can beoseen tnat th
Pt e i i erence betueen Pd” and 0o Ty equan to the otk o
' . W
IREEEE etween (5L0-UM an TUOHY-EMY D Based on this path Ten ot
1iv et UMY and LESHI-EM) tased on this path 1
Sifferes el we have coiculated on o digital computer the dinterfere
fringe palteorns. Other pertinent data used in the calculations o 0k
ey wavolenih o £35.8 nm; the thickness of the Wellaston prisg o
.0 o e apex angle of the Wollaston prizm & = 0,245 ralians; th.
. . . - .* L . -
ordina:v retiactive index n, = 1.6E584 5 the extraovdinary rvefractiv,
3 i . - * . .
i o boaod o e tocal Tengtns of the Fourier Tens o the o
v Ten are Pothocgues Lo fos 750w the ranges of the peoitioe o
potet ) are =00 e - x. 10 sy v, = -10007 . e
’ > d !
the Taca U Y with Ty T Soviand cy. o= S0 3T e o0 ene ta g
thee o ut e o cetacon thie front surtace o Che Wallooten i
.
Gact foead oo oY o1 the fourider trarctory lens 1o token o oa 0
ghvbon waviel oo G e tm Lo 2,02 v wrtn o step dincrement of G
to acemeg the - cig adinstoent of tne Wollaston priss n ot
IR
v e Uy e the celoulations are plotted by he conunoe o
chown in Fioo 14 wheso Lhe interfererce fringes are represented (v dots
and 5's. 0 TGhe dute denote that the absolute value ¢f a fraction of tie
cath Tength difference introduced by the Wellaston prisi at Py i3 lnge
than 3 /4 or greater than 33/4 and the letter B denotes that the absclu-e
* Trhece indices are for wavelength x = £89.3 niny for x = 632.9 o i
cleutated patterns would be slightly difterent.
.
“..'; oA Sl o e ot ~ e 34
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1
4.
S : v bolerath it foreros s not noyoat \ Thepe o F
t
ot N o ioaces rot o ointred peoadditions ! onase el
Lis L e Ehe ettt o o e RG] pr
» it ! gl oer S e o s er Pt oo
N A N [ ' [ AN 1o ow T oMe R T VLT O v G 1
- ]
S i
p - Vit ' e .
E I CRNY. I T U RO TR LS DU S TR S 1| O NN A I
of the Doiee o ot mininun end e reiatavely wo forn aves o0 b
‘ fronge S+ o Gt raddau, The maxieun dark ored s test Tor nerforson
3 1 image sabirction. The theoretically preaictad phenamenen bus boononl
Qualitetse v over i70ed by the expovivental rvesalts,  Any cpiantit oty i
Teran v fotaren tne cuiuted ond expesirental data provahiye s caused b
- the Ty fertnens of the Wollaston arisimand the ¢herrvation: o7 lense,.
The chencaosnan that tho fejnge pattorns are differant for o cortin lTeos
. ]
: alo b e di et o hontetions ooy alse e paptad by {as 70t
e arer oyt on denendent on the orients o ien,
1 e o nediena et the ogtrat plane.
et g the gyt defioctien of o dE s vy ot
'
o e LU oy s res Wt T anctdent angle ot the Troct ool
il o e Lwperpeset o e output piane canrot total.
. 1
o with oo other Toth dmaces cuffer froo different avount !
: 4i 0 rticas.  ire ressiution power of the subtraction technique is 11 Gt ;
1 ! by these distorticns.  dn the following, we estimate how sericus (e 2is- |
. 1
. . - . . . . . _ 1
tartior 10 and try to find out the optimum positions of pilacing the tw
3 | !
A ‘ incut Srates where the di:tortions can be minimized. For simplicity. the

calsuletion i done only for one-dimensional case. We assume that the :

4 dollaston priur has the <ame parameters as those in the A part of this ;

—— -

T U TRAER TR B
A



e . :
A
5 . !’
} Soouier o s o rhat v b o e e, ol cre et Tans nne ua
Sane bl Tenotho Colarbitrary uniti, Uas the caanifics Lo nt oo
C whole oo e 0
I
R . . . . . . —
S Pho calvelacion o based on the contfiauraticr s sheogn s Fial oo
A - . - . . .
“irot v roose o+ Loint Ls on the cutoal inage and then trace heck olong
the oecoeleical onticl ooths to Lwo Corvesponding neints Oy and €,
: trie two iaput Lransparencios. Be shatl call the points C], Co,oand O
3 the centi. . of the yespective dmaane,  Likewise, for anv point Taon
the outpat, the corresnonding dnput ivace points a and D, 0 the nv gt
- e LN
P car s e tound. Ve Turtber deot o= 0P, 0L by o AP, L ant HY
L ] ] ] - D S .
Y L , o ] ) o ) ) ‘
o CETOT e the g it ive Sign 1y ohyyen i the voctar du naveilsl o
. . ) -
g Lo o Uiy e i L anare i o it tion, P L = L0 The e
- 1 < <
) Teroroos P b b - NS car e e Yo tmasa e TR apoart ol
oo o b ore o i) e b wed Lo deterine L v s Tut T
S raction. or ves 100, acoeriing to our oot udated recuiis, T the
. .
] oot e nterneot con o the antput pleae and tee optics o aei D
{ hoen a Lo e “'"I :(, ST1TY have thodr S-ceouviinate o odue o '
and O TLT L resrectived s where all writs are considered to fe the sa
[} . . . . [N
- Shat o tae o]l Tenata. fAnooutoul dmave point g with H., = 01007 .
1 ity coamveLonding cbject noints P] with Hy = 030530 and Py ite gl = 001000,
i “ -
Inotht e e difierence H] -, = 0,003 is the minimur resalvibie

dincence wmen the img.e beicht dis aroond 0.1, The ovarail rosoiution datae

are iltustrated turther by twe additional Tigures. Fiagure 16 is a »7¢ o
- s by e Hay wnen G is located on the axis. 1L can be secr Urt,
4 -
foy the o ovaiue of Tl tand o 001, the ditference Hy - Hy s e

aragtes fo0 pesitive i than for necative H,.  Thus, in order to minisize

s

4 Sieterttoy and sirultaneousty casimire the size of the imace to be sul-

tracie s e Nas Lo choowe an optiwum set of centers af imaces (C], (. 51)




Fooo ovalr s Yoy 3f toe nacdmum tolerat.le didiorvence (H2 - H]) e (00

we place the upper end point of rach of the input images 0.30 showvee  *5
corter o - Y, the total height of the image can be subtracted woul i o
LY - f-is, 00100 Tf dnstead. wmen the middle noint af the i s
pleced at the 'center’, the total height of the image that can be <ul -

tracted within the tolorynee is then reduced to 0.04 - (<0.04) = 0.;

—

Tigure 1/ orws o difrevent case in which the point C3 is rot lecate: at

the optToal aeds oot at 4 = =000 Then 1t can be seen that *he v ...

of U] eoritostoChsiribulod vmeteically arounc the center
G0 ety cquitu o dereote - B0 §e N 00T apd the nidile cod ts
UL e g sies e Chacsd at tre conters Ly end CoL the
tor E Lo 1 ; td to : ) - (—N ‘3) = 0o te i tn»
Tt Cdr e L Rtor T on Gvaune Lhe e ntor CHSnOeT VoY S i0an s and e
oIt e : . tnteresting fo tind out the rolutive  fe-

1 N

: - . w 3 B ]. s - . ~ 4 . B ..
Lortaene s detined By ole C exclwin, o= 00 Twe additiona. i
: (e : M
3 .

Ures correstondinyg Lo the above-aoseritied two cates are plotted and o

[

P Tigares booand 1Y orospectively.  Wo ocdan see 1ot for the first case |

o

Tocates tn w150 the celrtive distortion is qreater At the vicinity of tee

conler than ot the Yower part of the imace. For the second case (C3AH

oo =0U05) . the mindmao relative distortion appears at the vicinity <1

the contor. The total fedght for the first case within the tolerance o°
e Lo ds about (-0.04) - (-0.16) - 0.12 while the total hefant

for the <ocond cose s about 0.06 - 0.04 = 0.14.  The comnuter yrogra

for the oifcuiations are listed in Appendix C and D respectively.
; 7




Ao e prevented Uhe privedole, eperinental data, ont oot

dra i b @ real-Uir o imade sdotrsctien techniaue boog b
b ties 0 gve noarisation. Toeo tnecretical analya i e
that antersoaencs fringes shauld be produced in tne systen and *he
cap0eiacnt T ra cenenstreted the cononcmonor. The dark (or destieu. -
Poe artorrorences portien of the fringes con he used for erformy
wole nsiractions. The paximum ares that o can beoused for subtraction

oo, e e censtructed 15 atont 6 0 x 1E e v 1 i o

oo a s nh e oY meritude cre o tian that reroarted earlier v

R R REUITIE In addiscon, T the sveon bouuste ) the oy
R PELE Peornn s Tiant erficdence T ey o ce cardaon b
HATAR ol S et sl d caculation of tne Jdlsto vtian of ine Jigoon

G Toaierrationg also o vas veveaiod the cptiras positions where the
Tront o pen st L s haced At tre dnsut iane when the alorance

ooodn o e L e rtign ervor ds cetl Feoo the axperitentael et

TUoster o irat e sowter dens with the snallest NP yoilds th

D

Fol
Pl

P

Se it b tior area s This ds e nected since 1 geners? Jenses it

qreaters Corg e nave less aberrations.

ditnorveeaed Lo tulire work, iU seoms that two feasible ideas fouid
1

Prvectivated, dne s tooincarporate the subtraction technigue in ar

viectro-optieal syster that includes the use of a Hughes ligquid cry=tas
Piont vaive { 0Py) far ceal-tine dnage subtraction in a continuous ~ode.
Tiee otnor v ta aonly the Wolleaton prism for performing real-time cudo-

codor Brage sabtracticn or additiors. Both of these ideas could leod to

It ant o boay abplicetion
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APPENDIX A

THT FUNCTION OF A WOLLASTON PRISM

Detoed on the nature of @ Wollasten prisy, Tight beam travelin:

thyough the prism will aain an anount of yath-length accordng ‘o U

Leam's ortentationof patacation. To illustrate the effect, ¢ x-z po:

Crotsm e bion of o Lt ten e whiich consiots of two triancie pres

15 shown dn Fico Al b triangie has the apex A - otan (.

Toothe thicknes and o is the height of the prian.  The *wo trianaie

ariams e mode of the sroe kind of birefrinent crystal but boave 07

fForont o tic axes. Yoo ocur purpese, if the oryetal isoa "nooaative
t J .

Sucn 10 the caloite. the oplic avie of the left ha1f, as sivwr By

Cic. Al. "< nerallel te -axis (or P]) and that of the righ* hali (»/

is maralled fo y-a<is (or Sn). Thus, for the liaht bean polarized o

Py, the st Denagth drovesant t](xE is approxamately,

, v . ' .
L b a taniaon - b+ (s - tari)in_ - 1)
1 K ) < ¢
o 1o { _ Yoo+
"J t . / H t o \”n ll } o

St Yarily to teo iohr pean cotariced along By, othe dncrerent oG,

Bacod on the comunptions represented by equations (A1) and (Al',

twn important conclusions can be deduced.  First, any plane wave after

s

—

RS
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traveliag through a Wolldaston prism will be deflected by an angle .,

J which i+ approximately equal to (nO ne) tanA. EBecause we have n
. n, fur ¢ negative crvstal, o« has a positive value, i.e., all plane

' ) waves coning from the noints of 5] will be deflected downward by an
- .

. anule o ince they are no’arized alono P.. The inace of S; ot the out
put oiare will ton al o be moved downward. It will be centered on to

eaxXn, G we make s 0 sinece a1l Tight waves Tren S? are pelarizec

atoens 2, the dimage of SOowill wrove ooward and ccoincide with the ima
of

Surthorrove s the annditude disteibution et the wollaston orisn

Wit o offect the caloointed path lenath ditfervcrca, yet. duc to t:

fooasing errent of SRR Wallaston prism of relatively s il berture

car Lo used,

OO
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) é FIGURE CAPTIONS (Lent'd)

b

:5 14, Theoretically convputed interference fringe catierns voesus the

SHEN on-raial nosition of the Wollaston priar,

ke, 15, kelstive sositions of F and p, at tte input plane and p, at t
F [N 2

S output plane for the computation of imace distortion,

E 16 A ciol of H, - Hy versus H3 with C3 Tecated on-axis,

g V700 nlel of i, - H], VUrSus H3 with C3 iocatad off-axis.

e 2ot of doyg (M. - H]J/H3) with €, Jocaled on-axie.

19. 7 oplat o7 Yoy ('H., - d

. |

/H3) with C3 located off-axis.

A, A wos nlane cross-sectional view of a Wollaston nrisi.
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