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INTRODUCTION

Optical processing of ~ igna] s has aroused considerable interest

in the past several year s; however , its usefulness for real—time processing

of sisotrias] ej~na1 s has been limited by the lack of instantaneous recording

media. Thotoohroaio iaterial a appear to offer a solution. Optical techniques

4 offer th ree advantages:

1. Optical systene have hi~h infor-ation capacity, e.g.,  storage

capacity of ordinary ~*ioto ’raphic films is on the order of

mill lone of bits per square I nch . Under special condition s,

much hi~ ’cr densitie s can be achieved , and similar high capacity

is al so obtained if media other than photogra~tic films are used .

2. Processing of large amount s of informat ion is done •ffiaient ly

becau se a singl e process can be applied to many signals in

parallel , rather than serial ly. The seine filter functicn can

be simultaneously applied to ma~~ signal s, or a large number of

filter functions can be simultaneously appl ied to a signal , without

• significant increase in system size or complexity over the one—signal ,

one—filter Case. The correlation processors can al so handle many

signals and referen ces in parallel. The combination cf th . high

storage caracity and the parallel processing results in a highly

compact syst m.

5. Optical processors are flexibl e, i.e., different filter functions

may be inserted into the same space—coherent processo r so that a

• variety of ta sks may- be accomplished . Or , in the incoherent processor ,

the reference m ay be changed , and many different signals can then be

OOTTSlatSd .

_ _ _  --~~
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It an optical pro cessor is to re place an electronic processor , the

input—output relation ships of the tw must be identical . Thu paper describe s

t~~ ty pes of optical processors. each corresponding to a bro ad group of electro nic

processors wi th simil ar input and outpu t chara cteristics. Coherent devi ces operate

on the signal to form its Fourier transform or fr.qusraoy speetr%a . The frequen cy

speotr em can be operated on, and thus coherent processors are equivalent to

electrica l filters . In fact , cti ,~r linear operation can be iaplement.d in a coherent

ept icu ’ processor .

Incoheren t prooessor3 form the second group to be discussed . These

devices perform correlatio n between a pair of signal s or a signai and a referen ce .

Thus incoherent processors can be used to substitut e for electro nic correlators.

Tests of lamps ror r~e with ~hotoahroaics in optical proce ssors , and improvement

in photochromic, will be disc ~sed . Applications to signal processing wiU be

described , and areas for further development will be reviewed.

‘I

Li



_ _ _  

_ _ _ _ _

I I
~LIDE 1

rP!~CE—CCHrPENT OP !ICAL PPOCEf~OR

The basic spaoe...aoher.nt processor is ~hovn. A collimated r~ nc—

chromati~ source provid es the 1 ight. Th. signal s to be processed are placed

in the front focal plane (ob5~~t plane) of lens 2. lana 2 then forms the

diffrectlon pattern cf  the object in the diffraction plane. Lens 3, in turn ,

produces the inverse of the dIffraction pattern . This inverse pattern is

aetua’ly an imar’e o~’ the on ‘inal obj ect , and it app ears in ths observation

plan ..

coheren t processin. p€rforms , by optical means , operations equivalent

•1 to O .etrcn ic tilterl nr” . The signal and operations are introduoed by photo—

~~~~~~ tr ans~aren cies , photochromic materials, end simil ar devi ces .

Opt~aa 1ly. it is corr~on to speak of the object and its diffraction
• pat ’ern . For si~na1 processing~ the important faot is that the light amplitmie

and phase in the diffraction plane i~ app roximately the Fourier transform of the

obj ect in th, object plane .

An example will illustrate the use of the transfo rm and its inver se.

~ ppo.e that a pulse train which Ia received has been eontmn1n~t.d with noise.

As is well kncwn , the Fourier analysis of such a square pulse train results in

terms which correspond to a constant value , and to the harmonics of the pulse

frequency. Tb. electrical pulse is recorded on film as alternat ing opaque end

transparent bars. The Fourier transform of the pulse may be viewed in the

diffraction plem.; the spots of light correspo nd to the constant valu , and to

the firs t . second , third , etc., harmonics of the fundamental frequen cy of the

pul se.

ILA
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If the pulse in ccntaninatsd with noiss, the Fourier transform will

be altered . Now, if a ma sk is r~zide to correspond ~~aotly to the diffraction

psttern of the put as train, it can be inaert.d In the diffrsotion plane so that

only thosi frequency components of the oonta”iinated signal that oorrespond to

the ori~tnal signal viii pans throtigh. Frequency ooaponent a corresponding to

nciae Viii be blocked out . Thus the air~na’, fre e of moise, will be seen in the

observation plans•

I
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CFTICAT , CN~RFLATOR

Th. optical oor relstor is used to dst rmim. th time delay betve~’n

st~~~h, ~~~~~~~~ at ~~~ ~~c.imrn , ~~ to ident ify a .i~~ifioan t waveform in the

pr esence of other waveforms. ~\~o st~nal a , printsd on ss’nsrste fi lms or plates

I ntercept a ocilisated beam . The il id. shows a configura tion for the identt ..

tiostir ’n f a particu lar waveforms $~2 is atatiomary (th. waveform of intere st )

while “1 is mo ving . The collecting l ens and pbotoasltiplier serve to mal tip ly

and integrat, the two si isal s en shown in the equation. If

identi cal . A( t )  is the antocrrrela ti~n function of’ the input s. For .xample,

j f and S2 are random noli. fun~t1ons, A(t)  wil l have a narrow peak when the

del*y between S~ end ‘.. I n 

- - -
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i IIOTCC}WOMIC !~- A~TIfl’~NT

~t ’dies were initiated to determine th. best mean t for utIlizing

photochromic material in an optical proce ssor. The fir st step was to moaoure

the Vritifl~’, r.sdin~ , and •ru.~in~ parameters cf the filzb available . A block

dia  r~ is shown of the test aç~arat us.

Th. wr ite monoohromato~’ is a Perk in..L’liner ~kd.l 99 double—pass pri sm
0

• aoncchroaator with a 60 fused quarts prism. Only the single-pass disper sed

output of the monoohromator was used . The spectral wid th of the monochromatic
0• light output wan 40.~ in the ultraviolet and 30A in the visible . The output

was focussed on the photochromic sample by a quarts lens to fore a circular spot

about 3/32 inch in diameter.

At the output of the monochromator was a cuatori made , hi h—precision ,

eleotro—’ .oh.nioa]. 8hutter. The shutter consisted of’ a sprin’—driven conventional

shutt er for rough exposure control. In tandem ‘wi th it was a alit wheel driven

~~ 
a synchromo ua motor through a variable—ratio gear drive . The resulti ng shutter

provided precis. exposure times from milliseconds to 6 seconds.

The output of the writs monoobromator was mea sured at least once eaOh

day . Tb. exposed material then is rotated so that it pas ses in fro nt of the

“reed monochromator” • The samples were square ~ to 9—1/2 inohes on a side. They

were mountsd on an axle so that they could be rotated either ~~‘~~ lly or at the

fixed speed of 24 r.p. m. b: a synchronous motor thro~ ;h a gear drive.

The read aomochroaatcr Is a Perkin..E]msr 1bd.l 96-0 diffraction ~rrating

moncohros~ tor. The li~rht out of the monoohrcznator is imaged by a lens onto the

photochromic surfao to form a npot. This spot is 0.012 inches in d iameter
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located in the center of the 3/32 inch width of the 7 inch diameter track

written t~r the writi aonochromator. The spot aims limits the ethilmum detectable

variations in the pbotoch~’omi c material al so to about 0.012 inches in size.

• The portion of the read—monochroniator light which is transnitted by

the photochromic aai lple hit s Front—surface riirz’or , goes through a lens onto an

- CA 1PF1 photor .uitiplier. Thi:; the vcltage cut of the photomultiplier is pro—

portional t~ the tra nsmission o~ the photochromic sample. The photoznu.ltiplier

— len s reimages t}’o output aperture of the read rsonoohromator onto the photomu.ltiplier.

This way smal 1 vibrat ions of the pho tochromic sample have little ef Feat on output

voltage. ~sl n a . ~i2 inch s~annin~ light spot over the 7 inch radius and the

rotational rate 1’ 24 ~~~. ~~~ inFer that the upper frequency of the o itput is

about 4 •~C . The phototau tiplier is followed by a two-stage R~C lou—pass filter

with the cutoff frequenc y of 10 KC.

In genora l , nanut’act-~rera claims of the sensiti vity of their ç~oto—

chromios wers found to be accurate .

1~
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WIUTE LAX? T~~T

The next test ~‘nd~rtakam was to deter mine the rate at ~~ich Information

ian be yrinted en ~hetoehromic material. A block disgra~ of the tset setop is

shown. A aodu1atin~ leap dri ver was designed afld bailt. This modulator drove

j a mercury arc I p  in the pul se-simmer meds. The leap operates at rated (~~
higher) curren t ~hsn the mothil ating signal is negative , end at the n iniaia

current required to maintain the are when the medulating sigmal is peeitt~s.

Sine, the 1L~ht output drop. sharply when the lamp is operated below r.ted
L ot~rrsnt . the lamp writes a series ef marks and spaces on the p~otoohre..io material.

The mercury arc li~ht passed thros.gb a beta ~ splitter , into the

aicroecripe objective , and onto th* rotati ng photochromic plate. (The ~bete-

multiplier was chielded dtwt ng wr iting.) Li,ht reflected by th. phot.chremic plate

was returned throurb the bsamrplitter to the microscope objective , thus providing

an easy method of foami m r .  A yeUow filter al lived al igmasnt and focusing without

~
n4tinj on the plate.

The nsmar~r lamp ! ight was then allowed to fell on the p *tothront s~
plate for a period of one revolution, producing a band of Informstic*. Th. mercury

lamp 11l~~~’~ tic-n we. block d off and the besasplitter reversed, to pe~~it the do

lamp fl lne4mation to fell on the photochromic. Th do lamp war positioned so

is to form a spot on the photochromic snperiipo.ed on the bend written by the

mercury arr~- lamp. The photcealtiplier was used to observe the ni delation of the

do light caused by the spot pattern on the ~ImtOchr ~~~c. ~~ooesefe1 recording,

storage , and readout wer, obtained at rates up to th. high smile r~~~~. The

switching ~ars~t.ri.tie. of th. modulating transistor were at least a con-

triburtia- cause to preventing higher frequency operation.
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!W~T~Cy n.:ic ~‘ATF; ~A’ CHt~ AC~~l,I$TIC e

The photochromic material se~ cc ted for use in the optical processor

is type 4%5.40 m.nnraotured by Anerican Cyit’~.mid Company. This material wa~
chOsen as b i n~ most sensitive to the ultraviolet writing light. An additional

adva atage , a~’ compared to s-~me al. ternate 8. 1 s that the absorp tion in the cc b red

sta t is in the ~reen portion of the spectria , a region well removed f rom the

writln spectrum , so that there is nc wri t in~ caused by the reading il1u~ination.

In order to take full advantage of the high concentration of ultraviolet

l ight provided by he condenser lens, It was necessary to obtain a thin, flat

costing of photochromic material on a rigid substrate. The most comrion formu-.

laticns of photochromic material had been either as films of 3 to 5.-nil thickness,

or as acrylic sheet s with the photochromic m aterial distributed through the

1/16— to 1/4—inch thick plastic.

“c provide the configuratic n required , it was decided to use 1/4—inch

thick microflat plate glu. as a substrate , and to coat the glass with a thin

layer of photochromic material. ~ravity flow coating was tried but wedging

occurred because the photochromic material dried as it flowed down the plate .

spin coating was then used , with imiob better results. The ultimate configuration

was a photoohrc.ia layer approximately 10 micro ns thick on a 1/4.-inch selected

flat p1st.. Test. had shown that the microflat quality (0.00002 inch/lInear inch )

was not nsces.ar yl selected flat (0.001 inch/linear Inch) was sufficient.

holes inherent In the prepared plate s was reduced by taking precautions

to pre vent dust pa rticles from fal1In~ on or being attracted to the photochromic

cur tace during th. drying period , and to prevent scratches and other aurfao e

blemishes from occurring during handling prior to use . ‘l.noe the coating is quits

I -
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soft even after dryins~, this require s careful hand1 i~g,

I

1
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SLIDE 6

~~~LAMP~

Al though far from ideal spectrally , xenon flash tube s and compact

arc lam p. were tested fir st. Tb. plastic base In which The photochromic dye

is dissolved absorb s infrared radiation; it was thought that the resulting

heat would help In erasure. The flash tubes showed some erasing capability ,

but were quickly eliminated becau se of the inconvenience of pulsed operat ion

in a continuous system.

A deep half—ellipsoid was fabricated to concentrate the compact

arc ’s radiation onto the photochromic plate. Good focusing was obtained .

However , as an erase lamp the xenon ar c was not effective; when well focussed ,

the infrared energy burned the plastic film , and when detocussed to prevent

• burning , the erasing was poor.

Further examinati on of the test results showed that erasing was

being accomplished by the heatin ~ of the plate . With an unfil tered xenon arc

in the el lipsoidal re flector , three regions could be distinguished. At the

focus , the film discolored duo to overheating. Near th . focus , erasing took place ,

whil e further from the focus writinr was observed . Sinc, the spectrum of’ the

radiation vii i not vary in space in a reflecting systems, the cau se of the

differe nce s must have been the different temperatures caused by the decrea se

in irradiano. as a function of distanc e from the focus. l4here the temperature

was higher, the bleaching reaction predosiz~ tes; where the temperature remains

low, the writing reaction is stro nger.

Attempts to use filters with the xenon leap to absorb the ultraviolet

• rad iation were unsuccessful . The ah~irp.-out yellow filters absorb a good deal of’

- -



F ~~~~~~~~~~~~~~~ ~~~~~~~
— -  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- - ______

I
-2-

near infrared radia tion. This prevented the ter perature at the nhotochro.ic

from reaching the level req:iired for erasing. A] so. the filters cracked from

overheating unless cooled . The need for a better erase lamp was evident.

Both the Luoalox (C~en.ra1 Elect ric) and C~I (Phillips) are relatively

new and became avai labl e duri~~ 1965. As is evident from their spectra they

are much better suited to erasing photochromic than the xenon lamp. Not only

is their more radiation in the 530 to 610 mu band , but very little in the

infrared , so that burning of the photochromic and cracking of filters is less

of a problem.

Both lamps were tested , a h,O0—L~~tt Luoalc,x and a 250—Watt C~I.

Elliptical cylinder reflectors and sharp-cut ye’ low filters were u-ed . Talr ing

aco unt of the differing power levels, the erasing efr.cti’veness was about equal.

• The C~1 was ebosen because its luminous tube length is about 1” as compared to 4”

for the Lucalox. The shorter arc mal~es for a more compact iamp housing.

_______ ~~~~~~~~~ 
—
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COHEflFNT PROCE~~0R TF.~~

A laboratory test progra m was conducted to se. how well photoohromios

can be applied to eoher. nt processing . The na3or area of oonoern was that the

non—uniforai tiss in t h ’  photochromic coating may show up an noise in the output

plans. Ilenos the najor purpo se of the program was to measure out put signal—to—

noise rat ios . .‘~s a ter t pattern , }~onohi rulinr em were used . The Ronohi rulings

were contact printed onto the photochromic material , which were then placed into

a coherent processor. The re~iultin output wee scanned by a microscope—photo—

su]tiplier combination and record ed by an )C—Y recorder. From the recordings,

the signal—to—n oise ratios were computed .

The test setup in shown. It oon ists , first , of the collimator to

supp ly the coherent light. The collimator is followed by a 1000 ape chopper

which , in conjun ction with the 1000 ops bard—pass filter at the output of the

photouniltipli.r , disor l—Inate s against prevalent low (t.mp.r al) frequency noises.

After the chopper , the photochromic input tran sparency is inserted , to be followed

by the Fourier transforming lens. The DC Fourier transform (sero—order diffract ion

pattern) ii blocked out at the Fourier transform plane to avoid damaging the

photosaltiplier. The rest of the 1 ight pattern repr.esnting the Fourier transform

is scanned by a waving aiarosoope—photouiul ti plier combination. The filtered output

of the phot~~~ltipUer was appl ied to one axis of an X-.Y recorder. Th• other

axie was controlled by a potentiometer so that it indicated the position of th.

scanner. The result was a direct plot of light intensity versu s position in

the Fourier p1a~e, or the actual , optically-derived Fourier power speotrom.

Photochromic t j im of fers an advantage o ver photographic film s in

photographic, film, the unexposed emul sion is wa shed away during d.vslopasnt,
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leaving a transpare ncy of Uneven thickna en, resulting in phase d ietc~ tiou~ in

the coheren t light . 1tas~ compensa tion must be used to obtain correct outputs.

These compensation methods are not needed with photoobromiOs, since the photo-

chromic matsrial doer not change thickness as a function of exposure.

~~~~~



— 

~:~~~~~~~~ _TI ~~~~~~~~~~~

PWTOCHHCMIC OPTICAL CCHPLELATCR — BLOCK PIAG RAJI

*Slide 8 is a b~ook diagram of a correlator built for the Wavy

The following funotions are performeds

Two signals , A and 13, ar e recorded an a band s of mar ks and

spaces ~n two rotating photochromic plates.

The B plate is stopped . The A plat . continues to rotate.

Light from an illuminator passes through the B signal bend ,

the semicircular slit , and the A signal bend , and is detected

by a photomultiplier . The photossiltiplier output is the

correlogran of ‘he two signals. A mioroewitch actuated by

Plate P aflowr~ the correlogran featur es to be interpreted

in terms of time delay between the two signals .

After the oorrelogram has been observed , the erase lamp.

are j ’nited , and the signal s are r.~~ved from the plates.

The sequence can now be repeated .

— — — — — —
* U. ’. Wavy. 5~hip Systeme Co~m~and , Contract W0bsr 93299

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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PI3)TOCHROMIC OPTICAL COT~ E!ATOR

1~

A photo~’raph of the oorrelstor is shown. The elements corr es—

ponding to the block diagr am are identified .

I

_ _ _ _ _ _ _ _ _ _ _ _ _ _  H
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I 
C~ I~LE1 ATOh TE~ r

A complete circle of signal was written. A portion of the circle

‘as printed at the test frequency. Fl, while other portions were printed at

highur and lower frequencies ~~ and F3. The teat frequency was printed on

the stationary photochromic plate. Psaul t s ar. øhown. The photo shows three

sucos asive traces. he writing on the moving disk was

~~ecusno~ (ens )

O-.lO Fl

10—18 F2

1S-.25 Fl

25-.28 F3

Fl

The sine wave oorrelogram is seen as expected . In addition , beat freq uencies

are seen during ths F’2 and F3 intervals.
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~T IDE 11

PHOTOCHROMIC ~ (PON~ IT IA! I1~1~1X~RATOR

The input signal function A~ modulatsa the mercury arc light source

with the aid of an arpi t fier and l~~p driver . The photoohac.ie dink rotates,

end the signal may be read out by read lamp P and ~botomaltiplier P. The erase

lamp F reduces the level of the recorded signal by a fac tor . such that the

re in4ng signal is (KA1) ’ • The asoond signal segment is written superimposed

on the first signal . If the sum is now read out , the total is

KAl + A 2

and after n iterations of the process

- — 

~1 1

Thus exponential ~n~~~ln- of signal ft~nctiona is accomplished with a a~(n4 i~ of

.lectromio..

K,sntual ly the era as lamp will reduce A1 to below the noise level

of the photochromic and A1 wil l be elim1i~&ted from the intsgrstion. By adjust-

jag the erase rate , the facto r K can be varied . In this scheme the integrator

can be used ecatipicusly over relatively long periods.

The ad vantages are as followsi

a) ~~ an optical oorrslator using photochromic material , this integrator

is mere easily implemented than an electronic integrator.

b) The optical integrator can integrate longer period signal segments

than electro nic inte~ratora oo~~~nly used for this purpose.

o) The optiosi integrator has the possibility of being mere oc~pset and

less sxp.meiv. than the electronic integra tore of o~~~.rsble or lesser

psrfb ~menee.
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SLIDE 12
‘
~~
‘ T~AV TrLET L&SERS

The prinolp& candidate s for the moat efficient ultraviolet laser

are the foli owing:
0

a. Kr yp ton — There is a strong l ine at 350 7A in doubly ioniaed

krypton (Kr III) which has produced the highest published output power in this -~ -

range , 300 w. This fact alone makes th is line worthy of study, even though it

was aohi.ved in a tube wh ich showed bore erosion and ~ae evolution at the required

ot~rrent densities.
0 0

b Ar~’on — There are two stro ng l ine s in A~ III at 3511* and 3638A.

These l ines do not share oow~on level s and • hence , oscillate indepsodent ly. For

t}ose appl ications which can use both wavelengths aimui tansously, suob as writing

on photochr omic material a , thi s similtaneous operation offers the prospect of

doubli ng the useful out put power.

a. Neon — There is a stro ng line in singly ionised neon (N, II) at

3713*. This line is the analog of the 4880k line in ~~ II whiab is the most

efficient ion laser line . In addition, N. II has a cluster of thre. stron g
0 0 0 o o

line, .t 3324.A, 3378*, and 3393A~ Hovevrr , the 3324k and 3393A lines share a
0 0

common upper level end the 3Y?8A and 3393* lines share a oow on lower level , iè~ioh

means that very littl e can be gained from simultansous operatio n and competition

effects may be har mful . Nevertheless , the 3324~ lin, has the lowest published

threshold.

— _. 
- - — --  -~~~ — - -
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‘
CCNCLUSION

Our work shows that photochromic terial can be ussd successfully

in optica l signal processors. U] traviolet ‘asera will provide higher energy

densities at the photoc hr omic sur face . The.. energy densities are obtained

vithout the necessity for hii~’h ~~~erical aperture optical e1s~~~ts, thus
permitting greater design flexibil ity. Theas lasers, oo*M~.d with further

work in improved photoohrcmica, will widen the area of useful applications.

‘IA - _ _ _ _- - - -~~~~~__ _ _ _ _ _ _
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