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Sl:CTION 1

IN TROIM’C TION

During the past few years , radar , communica t ion  and sonar system P erformance re-
quirements have increased to a point where it  is necessary 11) store and process a ( a r
greater number  ol elect n eal signals , in as near real t ime as possib le , than ever
before. Int egrate( I microele ct ronic  c i r cu i t s  (1(’ ‘s~ have al 1ev iated some of the  less
st ringeI~ processing requ i rements  by p rot i (I i ng  storage capacitieS of a few hundr ed
or a few ~th ousan d hi ts  at Ml!,. rates , thus a l lowing sophisticated t ime compress ion
processit’tg of the stored informat ion.  However , cu r ren t  processing needs with larger
storage requirements  can be met only with ho 1kv equipment invo lv ing  the ine f f i c i en t
use of cOre or f i lm storage , and are not sui tab le for  ins ta l la t ion  in compact fl ioI ) i lc
processors. While  la rge scale integrat ion (LSI) promises to allow sophist icated
processing of several  hundred l)j t s in reasonab le volumes , the  rcqu i r ement  for  corn —

pact ec~u ipmen t  for the rap id processing of thousands of h i t s  at high rates is d i f f i cu l t
to meet at this  t im e  by s t r i c t l y  electronic means ,

The inherent benef i t s  in t he  use of optics versus  conven t iona l  e lec t ronics  for pr ocess—
ing electrical s ignals  is ~vell ( locumente ( l  ( reference 1 . 2 . 3 and -1). The advantag e s
stem from the F’ou nier  t r a n s f o r m  prope [‘ties of opt lea 1 lenses and the  ab i l i ty  of
cy lindrical  lenses to hand le  many paral le l  channels  wi th  r easonable—sized optics . The
problems encountered in the optical process ing  of e lect  n e a l  s ignals  center  m a i n l y  on
the l imitat ions of ava i l a b le  spatial light m o d u l a t o r s . ;\ standard t echn ique  for  con-
vert ing electrical signals to images is to photograp h the l i ne  scan output  of a cathod e
ray tube displ ay tha t  is in t e n s if t  modulated w i t h  th e  desired signal. In t h i s  ease the
f i lm serves as the spat ial  li ght modulator .  This appr oach . w h i l e  g iv ing  both a large
t ime bandwidth product and a n ’ i u lt i ehan ne l  capahi I i t ~~, has t h e disadvantage of i’equi r —
ing a t ime delay to p rocess the f i lm before the s igna ls  (‘an he proeessed . \Vh i l e
th is  delay can he m i n i m i z e d , th e  bulk of equ ipmen t  r equired can also he undes i r ab le .

Other cur rent ly  ava i lab le  real  — t irnt ’  spat ial  l i gh t  nlo ( lu la  tot ’s lend to emp loy acaust Ic
del ay l ine s , t h e r m a l  l~ va r i ab l e  p las t ics . p ho (oeh rum ic m a t e r i a l s . eleet ro st a l  lea l i v
(lefleetetl  membranes .  ci ect r o l v t  j e m a t e r i a l s , etc. and m aLt ’ U se of the  Se a r s — I  )ebve
effect or app rop n a  te t i  t ’( ’ I ron or light I iea m s I m sb l a t e  the  l i gh t  I eam i tic n lent on
the delay l int ’ . p las t ic  or chemica l  med ium . I~ change s in t r an sm  i siv it \ . r e f l ec t ance ,
phase or a cam hi oat ion of these e f fec t s . V ach 1 ight  iii ado lot or I echo ique has i t s  own
pecul Ian set of c o n s t r a i n t s ,  in t he  be la y  l i n t ’  case the ’  m o du l a t o r  has a Ia rge ha ndwi t l i  Ii
but is u r n  i t ee l  on the a~ a i l a b l e  t i m e  ape r tu re  h~ th e  ve loc i t y  of sound in the  m a t e r i a l ,
Thus , even a fi ’act ion i t

, 
a second i n t e g r a t i o n  t i m e  woo Id requ I i’e (in rca l i s t  ie opt iea I

ape’ rtu res. The th ( ‘ rm a l — p 1 a st Ic ease rem o~ es t h i s  P rohi em I i t i t  i’equ i res I ’IUl Lv
m (Xlu lat u r s  to  ~ r~ luce a reasonable t i m e — I  iand ~ id th  p roduct .  U hot oeh rum ie m othi —

lator s ace ’ imp roving, h~ i a rt ’ not vet at a sI~~l e ’  of deve lopmen t  to  he considere d f u r
fi t ’  Id a~ p I icat iOOS I ieeau se of th e 1 igh t j u t  en si t ’e requ i red f i r  p rope ’ r exposure . ~1 t ’ni li ran e
and other addressed element  ni sIn lato t’ s . w hi  It ’ o f f e r i n g  m o d er a t e  d en s i ty  and hand—
widt h , r equi r e  t h e  s torag e ’  ot t h e  s igna l s  lie e x t e r n a l  to t he  n i c i d u l a t o r  i t s e l f .

rge t i m e ’  b a n d w i d t h  p ro e l t i r t s  und er  a I i m i t e d  b a n d w i d t h  c o n s t r a i n t  demand opt ica l
ape t ’tu res whi ch  t end to  el i  ss ipat e ’ t h e  s:i~ t u g s  in cost an t I  oltlli )( ’ ut  opt lea 1 pr ocess log
over e l t ’et r on ic  processing w i t h  c u r r e n t t ~ a~ a i l a b l e  l igh t m o d u l at o r s  ll ~~t e \ e ’ r . a
u n i q u e ’  s o lu t i o n  to  t h i s  p rob lem has heco t e i i i e m s t  rated at M agna ~ ix R e s e a r ch
L abora to r i e s  Ii:i scd on the  m a g n e t o — o p t  Ic pr op e ’rt  i t ’ s  of fe rrun i ; i gne t  it ’ t h i t i  t i  t r r
m a t e r ia l s .  l ’h i  s approach e onst i t i t t c s  :i t e c h n i c a l  b r e ak t h r o u gh . s r ice i t c i f f e t ’s the  —

1 — 1
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advantage of packing several hundred th ousa nd to several ni i l l ion  b its to the  square
inch of modulator  surface at rates varying from DC to several Ml lz ,  i’li is a l lows
large t ime  band~ ’ idth products , mul t i p le channels , and Sm all  optical apt ’r tu t’e s • re-
sulting in a small  p rocessi ng vo lum e.

Before covering the specific areas of ap icat io n tha t  art ’ the subjt ’et of th i s  I’t ’port
a brief review of the components and properties of an analog optica l signal r) I’( f t’ ( ’SS( ’I’
will be introtluced. l’o this end , consider the basic components of a s imp le analog
optical signal p rocesse r as illustrat ed in Figu re 1 — 1 .  An input e l ec t r i ca l  s igna l  11 1 ( t t

INPUT ELECTRICAL
SIGNAL

LIGHT I I BE AM SPATIAL I PROCESSING I SCANNING ELECTRICAL
SOURCE 

~ 
EXPANDER 

MODULATOR 
•J~ 

OPTICS 1 SENSOR SIGNAL

UNCLASSIFIED
368-479

F’igur c 1 — 1 .  Basic Components of a Sing!e Analog Op t ical
Signal Processt ’r

is used to control the propert ies  of a spatial l ight  modula tor .  This  modula tor  is
i l luminated by means of a l ight  source and beam expander wi th  spat ia l l y  coh ert ’nt  l ight .
as , for example , from a laser . The output of the spatial l ight modulator , then , is a
var iab le  ampl i tude  func t ion  of the x— y coordinates of the modulator . i ’his signal  cole i’s
the processing optics and may he converted hack to electrical form via a scanning senso r .
as for  example , a Vidicon giving the output signal E 0(t ) .  The above case ~v ou l tb  cover
th ose p r ocessi ng examples of l inear  mathemat ics  involving,  for examp le . spect rum
analysis , f i l t e r ing ,  etc . , where a single signal input  is ut i l ized and the optical j ) t’O—
cessing is a succession of one or two dimensional  Fourier t r an s fo rma t ions  of the
in i t i a l  input  signal. The processing optics may  store iii optical  form images w i t h
which the input  s ignal  is to be convolved , matched f i l te red  or correlated . A s e  cot ’i d
form of optical p roceSse i’ m ay  u t i l i z e  two or more  elect n eal s ignal  i n p u t s  and per fo rm
rea l—t ime  cross correlation or other joint ope ra t ion  between th e s ignals .  ~\s  i n d i c a t e d
previousl y , the major advantag e of optical processing is the abi l  it s’  w i t h  t h e  sani ( ’
p rocesser to handle  a m ti l ti p l ic its ’ of elect ni (‘a I si gna Is . Thus , several  hood red 111)111
signals of the form V 1(t) max ’ be processed and d e r n u l t  iplexed by the  s c a n n i n g  sens en ’
to provide the several hundred output processed signals K 0(t).

.-\ simp le examp le of optical processing involv log the  I inea r ope ra t ion  of spec t rum
analy s is  wher e ’ the input  s ignal  is a funct ion recorded on a p iece ’ of f i l m  is il hi St ra te d
i n Figure 1 — 2 .  The output  f rom a laser is beam expanded and cu l l  i ma ted in t o  a p lane
wave ’ and used to i l l i m i n a t e ’  the func t ion  recorded on the f i l m  which in t h i s  cast ’ is a
square wave ’ a long the ’ x coordinate .  The ta t ’  f i e ld  pat  t e rn  f rom I he ’ fi  liii 01 odul a to t ’
woul (l be app roxi ma tel v the Font ’ i en t ran sfo i’m of t he  a nip I i tude  fu net  ion rep resent e’ I
by the f i l m .  By p lacing a I ran sforn i h ’ns : If t t ’r  t i t e ’  fi liii . t he  l’ou i’ i t ’  I’ t r a n s f o r m  is
focused clow n and appea i’s at th e focal p lant ’ of ’ the  le n s . l’or the  examp le i i lus t  t ’at t ’d
the i mage ’ woo le l inc lud e a spot for the l)C Icr ni represent ing  the  U n u t  ado ba ted  l i g ht
an d the p lus  and m i n u s  f u n d a m en t a l s  of the square  wave as ~‘el I as a l l  of the ’  o u t
h a rmon ies . Since u n I v  the  i n t e n s i t y  an t I  1101 t h e  anip i i t u t le  ‘an he sensed in t h e  i m a g e ’
p la ne , it  is the’  square of the ’ l”ounj t ’r  t t’a n s f or m  t h a t  may  be obset ’vt ’d e i ther  by e y e
0I ’ f i l m or as t h e ’ elect r i ca I w a v e f o r m  at the ’  o u t p u t  of a scann ing  senso ~~ . I low-ever

1 — 2
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Figure 1— 2 ,  Example of Optical Proc essing l n v o l v i i g  Spectra l
Anal ysis with Film as the Spatial Light Modulator

the square of the Fourier transform ,~~ [f ( x ) j Q (w) , is ~~~~ and represents a f u n c t i o n
that in its final form approximates a power spectral densit y which is generall y of
interest for spectral ana lysis rather than the complex Fourier transfo rm itself.
For those cases where the complex Fourier transform is desired, techniques of
converting the Fourier transform to a rea l func t ion  max ’ he used,  as for examp le
a reference beam (reference :3).

The magneto—optic spatial modula tors rep lace the film in the abov e e xa m p le a n d  al-
low electri cal signals to dire ctl y create the variable reflecta nce , thus allow ing teal—
time processi ng of the input electri cal information .

Specific examples of linear operations , such as spectrum analysis , w h i c h  invo lv e t h e
Fourier transform of the input signals wil l  he illustr ated in areas as d iverse  as .‘\ S \V
signal processi ng, speech analysis . i’adai’ clutter processing, side—looking coherent
radar mappi ng , and the synchronization of widehand communi cation waveforms.

The magneto —optic spatial light modulators developed to a ccomplish these p ro cessin g
functions are of two generic type s and are covered in more det ail in A ppendices .\ andB of this re port. Oth er modulators involving the ther ni o—magneti c properties of t h i n
film are also being develope d . In the first typ e of modulator t he electrical signa l is
first recor ded on magneti c tape which forms the storage media and is then Ira u s-
ferred by means of the flux leakage to a thin f i lm structure to modulat e the in c id ent
ligh t beam by means of the K err magneto—opt ic effect. Th is type of modulator  has
the advantage of extremel y high packing dens ities (comparable with f i l m )  along \~i t h
linearit y and a large dyna mic range (in excess of 60 db). The second type of mod-
ulator operat es directly from digita l information or upon analog information t h at  h a s

I— ~



been hard limited and converts such signals into patterns in the thin f i lm h~’ means of
a magnetic domain ~va ll shifting technique. As in the first case , the opti ca l process-
ing utilizes changes in reflectance or rotatio n due to the Kerr magneto—optic effect ,
This approa ch has the advantage of eliminating mechanically moving part s required
for tape transportation and achieves moderate packing densities and s h i f t i n g  rates
in very small optic al apertures. Specific applications involving these two generic
types of modulator s can now be discussed in more detail.
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SECTI oN 2

MA(;NE’ co— op TIc SIGNAL PROCESSING AP1~LICAT l )Ns

As an introduct ion to a var ie ty  of specific processing configurations , consider spect rum
analysis where onl~’ a single t ransforming lens is required and where it  is an ex tens ion
of the example illustrated in the previous section which was based on the  usc of f i l m
rather than a magneto —optic spatial light modulator .  This typ e of processer is one ’  of
the first of a series of magneto—optic  signal processers under (lev( ’lopment at ~Ia gna v ox
Research Laboratories (reference 5). .’~ basic magn eto—optic spectrum a n a ly z e r
configuration is illustrated in Figure 2— 1 and consists of the f o l l o w i n g  basic ’ cu n ipo n—
cots :

• a spatiall y coherent light source

• beam expander

• a magneto—optic  spatial light modulator with associated tape dr ive  and
recorder

• a diffract ion limited t ransforming  lens

• an image scanne r or other r eadout device

• the output displa y

This type of processer u lt i l i zc s  the type of tape transfer spat ia l  l ight  modula to r  e b i s —
cussed in Appendix A.

The operation of the anal yzer centers on the Four Ier t r a n s f o r m  proper t ies  of the  l i ght
modulator and associated t ransforming lens such that e i ther  a one or two d imens io n
Fourie r ’ transform is obtained in the focal p lan e of the lens dependi n g u po n whet h er
the lens is pherical or cylin drical .  Thus in the two dimensional  case the spa t ia l
ampli tude variat ion in the output p lane  is given by the fo l lowing f in i t e  Four ie r  t r a n s f o r m .

~ {t~x . v)] - 

D\,

1
. 1)~ f f  f ( x .  v~ cx~ i[~~ \

X ’ L . ~~~~
] 

d x c i v

re

~ 
—
~:—i~ 

U (u )

~~ U
Y \ l ”  y

f(x. y I is the complex t rans n iis s i  ~‘fl v of the  spa t i a l  lig ht m o d u l a t o r

I ’ (u ) is non l inear  disp lac ement  in the  y di ret ’t i on of t i’a n sform p lan e  is i n a c t i o n
of spat ial  frequency in the signal plane due to the  t i l t  of t he  p lane  ot t h e  spa t ia l  l igh t
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Figure 2- 1. Basic Components of a I~-l agncto-Opt ic Sy stem
Anal  vz en

D D
modulator and~ —4~-- , ‘ —~ —ar e the coordinates of the aperture of the spatial

light modulator.  Similar ly  in the single dimensional  case (cy l ind r i ca l  optics)
D

~ ~~~X. 
~~~~~ 

= 

~~~~ 

y~~ j e~~ [i~~~ x~ dx

where
v represents the location of the n th chan n el

The processing gain per channel of the analy zer is given by

PG -
~~~

-
~~~ ~~FT(D )x

where

F is the rec tangular  equ iva l en t  input bandwidth  in l l e r t z

f is the resolution handw idib i of the analy zer  con rc spond i rig
to the aperture D

T is the equivalent time aperture of the sy s t em (e .  g, . for
a tape velocit y, Vi ps. T Dx v

As a demonstration of the concepts involved , a spectrum ana ly zer u.~in g a st anelai ’eI
tape recorder as a magnetic pattern generato r in the magneto—opt ic  spat ial  l ight
modulator has been assembled as illust rated in the schematics and photog rap hs of
Figure 2—2 and 2—:i . This config uration uses an inexpens ive  V id icon camera  and
monitor for viewing the spatial spectral ek’n sitv in the’ anal zen ou tpu t  or t r ans fo rm
plane. \‘arious signals were recorded to illustrate the paran’ie t eu ’s of t h i s  spe c i f i c
processer and may he disp layed either as a f u l l  Fourier trans fo rm ‘ci’ in a r e l a t i v e ’
power versus frequenc y format corresponding t o an amp l i tude  section of a s tandard
spectrogram as illus t rated in F igure 2 - 1 . 
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~‘e r t i c a l  a x i s  in t h i s  d i s p l a y  rep i’c - s e n t s  i a ’ l a l i ~ e l 10\VCI’  ol’ po~\ e ’ t ’  s p e c t r a l  dt ’ii ~ i i~ - w h i l e -
the  h o r i z o n t a l  a x i s  i’ e~e ‘c ’ s c t t t  s the  fi ’ equc ’nc’y d o m a i n  -

Signal s wer e  a l so  i ’ e - c u ’c l e i l  w i t h  i n c i s e ’  to i l l u s t r a t e ’  t h e  ~c ’ e n ’ e ’ s su tg  ~a i n  e e l  l I t -  : i i n i I ~ iet’ .
The ’ resu l ts  for  t h i s  ( ‘USc’ a l - c i l l u s t r a t e d  in l”i gui ’ c 2 — 7  whe re - t h ~- i i 0 j s ~ - i s  i ’ m  :i k l l i
rect angular ( ‘( t u i \ ’a l ( ’ l l t  t i o i s ’  handwid th and the  ~e i ’ o i a ’ S s i i t g  g a i n  of t h e  a n a l ~ i~~’i ’ i ’-
l e c i ’  app i ’ cex i i i a t e l v  2 1) DR. The ’ s i g n a l  to  n c e i ~~e ’ r a t i o s  ( l c lo te ’ e l  i c - c ’  th ic- ~ - i h c l c ( ’ i I i ’ l 1 L ~ a t
the i i i h i u t  of the  a n a ly z er  in  t h e  ( i — N i h  ha n d w i d t h .

2. 1 A SW J ’ l~
( )( ‘l- S~ I N (

W h i l e  t h e  a h 0 \e ’  e ’x a m p h ’s h a v e ’  i n v ~~kcd  a re l a t i v e ’  I e e i c l ’ t ’  \ e ’ i ’ s i l s  l t ’ e ’ ( h i t e ’ t i e \  I e e i ’ l i ~~i t  -

n atu  ia of th e  i’e ’a el ou t  al  low s a I l i x )  i i i  I i n  I h e - oU pu t I e i ’ e i i  a t  I - o r  e - \ a  n u d e  - a Ii  cue ’
v e r sus  l i i  i 1 m - i a ’ ~ f o r m a l  is e- ; i , ’~i I y  ; e i ’ I ’ i l i l g ’ . I ’ glu e ~‘ i l l u i ’ — - l i ’at -s suc h
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for a signal whose frequenc y varies with time on both a conven t ional  spec t rum ana-
ly zer and a magneto—optic spectrum analyzer . In this case the magneto -optic SIH’ ’-
trum anal yzer gives a sampled output at si 6 0— H z rate since a conventiona l \ ‘idicon
scanning field was utilized in the r eadout. Such a format is often used in ,\StV sys-
tems and corresponds to a 1, OFARG RAr \ l .

2 . 1 , 1  BEARING COMPUTATION

Other .\S\V and also R F  processing funct ions such as hear ing  d e t e r m i n a t i o n  depend on
spectral ana lysis for processing gain. The signal flow for  such a processor is i l lus-
trated in Figure 2—9 . and an estimation of the r eq uired ph ysical configur ation is i l lus-
trated in Figure 2-10 .

2. 1. 2 RI-t A M l” Ofl i \ II N G

Another linear operation f requent ly  encountered in .-\SW p rocessing is the we ighted
summat ion  found in beam forming  act ivi t ies  such as those represented by l) i g ita l
Multi p le Beam Steering DIME ’ S (references 6 and 7). Such bea ni h )r m ing  ma y he
accomp lished magneto—opt ica l l y  by either coherent or noncoh ercnt t echn iques ,  In
the c’oherc nt ca se ,  e i ther  a scanned or p ara l le l  replica of the acoustic ~vave fi ’on t is
sa mpled and stored on tape . A coherent reconstruction of either the object or i ts
transform is l)ossibl e and represents essent ial ly a holographic approa ch , .-\ soni c—
what simp ler approach and one that  does not req u i r e t h e re so l u t io n ca pahi l i t ies  of
tape nor does i t  r equi re  any  moving t arts is a non coherent  proc ’essor based on t h e
magnetic domain ~val1 shift register type of modulator discussed in A pp endix 13,
The separate hydi’ophone out pu t s may be fed to indiv idual  magneto—optic dom ain  ‘e s a l l
sh i f t  register channels .  Th u s , fo r a linea l’ i l -ray where the  angle  of the wav et ’r ont
is a and the velocity of propagation “i’ the ve loc i t y  of propagatio n ia the register V .-~.may be adj usted so that a summation of the signal appear ing at an angle  (~~ across —

the separate channels represents the origina l wavef i-ont is i l l u s t r a t ed  sch’
~’ma t i ea l l v

in }lgure 2—11 . If the light is collected separately  f rom dif ferent  ma sk s  a n u u l t i b e a  i t t
processor is possible. Ef fe c t iv e ly  such an approach is i den t i ca l  to the  s t andard
DE\lt ’S techniq ue except tha t  the  weighting networ k and signa l i n t e r connec t ing  is n —
complished optically in stead of liv wi re  ari d discrete c omponent weight ing ne tw ork s .
A typical  e lectr ical  readout of a s ingle channel  for s u c h  a sh i f t  r egister  is i l l u s t r a t  eel
in F’i gurc 2— 1t ~ - Fo r large  configurations . the ha rdware  saving ’s u’ea l i ied  liv t ite ’ e c 1 e —
t ica l  versus electronic approach can lie considerab le  end of [ en a solut i i c i i  w here  the
large—sea h e integrat ion ( LSI) w i r i n g  in te rconne ct ion  I er oblen i  is of such a magnitu de
as to prec lude a pract ical  so lu t ion .  l” or s imp le ’ li nen r a i ’ravs . the  e X t  ens ion I i )  c e ) —
herent optic ’s allows soni c sinip l ifi c ’ati on, for ex:i mp lc .  the  angle  I ir e S e i ’v i  ng I)t ’fl Il—
erties of the l” ou ri en t ra nsf orm al lows pa r t i t i o n i n g  of t h e  s e p a r a t e  w a v e f o u ’m  c e n t —
puts in the  t r ans fo rm p lane. Suc h a ( ‘onfigu i ’at i on is i l l u s t r a t e d  in I ‘ igu r c  2 — 12 .

2. 2 SPEE CH P RO CI :SSING

‘l’he genera l spectrum a n a l y z e r  c onf ig u r a t i o n  in t r o d u c ed : t t  t h e  l e e ’ u i c u u i u c e i , t  1 t h i s  see ’ —
t io n has a m u l t i p l i c i t y  e e l  uses : fo r  examp le. ( ‘ o n s Ic l e l’ t he  s t e e l - I  1’ ed ) , ~ i ’ , i e l i s  I l ’ ig iui’ e
2— I-I resulting front steady state speech samp les . Thes e ; se ii te n ser spcee’lt ~ - i mp les
i l l u s t r a t e  the ti i’st three I 0 m m  t i t s  e d  I lie ’ ‘ e ew - e ’l ‘‘ ‘ ‘  h a  cumi e s ‘ se ‘ ‘ I IT ‘‘ i t

In ordet ’ t o  in t er n m e t  the  cower ( l e ns i t y  and  t t ’ e ’ q u e ’ i t c - e a X e ’ s , ‘ a l l t i - - e l i o n  c - H i v e ’ s  c u u u i s t
be appl ied to t h e  r eadout  devic e ,  In t h e  t e a r t i r i i l a r  s t e e d - I  i ’e)g r se ill c t l ’ is ~c ci a ’  2— I 1 . th e
re lat ive  lbo ~5’er sexis w a s  l i m i t e d  to : Ip I ) r o x i l i i a t e l v  ; ‘ I )  i j i c  ( l l t ( ~ I c  c - I i s e i ’ : i e ’ I e ’ i ’ i s t i e ’s ct  t i n ’
\ ‘idico n used as th e  Sc ann ing  sensor . N a t ’ n i e ~v I ea  nd spcrt I’ e~~ 1 : 1  ni~ oh ‘it hen ’ I ’  t e i c r i  I
speech samples  s i r e  i l l u s t r a t e d  in I ” i gu r e ’  ;‘~ ~~~~~

- -  -~~~~~~~~~~~~~~~~ - - -- - ---
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I’ e \ i  I 1~ , i ’ I ’  I ~ I :. I I , -



\V hi le  lahor aten ’~- veI ’Sions  ol’ spectrL l m sina i  zers s i m i l a r  in v o l u m e  to the ’  ( l ( ’n l r en—
s tr a t ion  a n alv z e i ’  t h a t  is it  lus t  rate d in I- ’ igi l mc 2—: ’, m ay  I c e  ( ‘onstr ul ( ’te ’d , t i m e ’  u i  Sc - t ) f

solid sta te components f’oi’ t h e  lig ht  so t  i’ce atie  I s c a n n i n m ~ scn~ or Can r e d u c e  - t h e ’  I ot a I
configurat ion to a few cub e inches. A n e x a i i i p k -  of I he r ( ’di l c t i  on pos s i l c l e ’  is i l  I n s —
trat ed fo i’ a cepsi cii  i i i  ana lvz er  in F igure  2 — 1 0  - l h e  cc’pst i’um is c’lefi ned as a \ ‘i c i ic ’on
proport ional  to the  Von t’ ier t r ans fo rm of the  log spectrum (refer ence  ~ ) - Thi s
ana lyz er  represents an a n a l o g  vers ion  of a compact  and iu i c ’x pens ive  1- ’ast  1” ou i ’ i c ’ r
t r ans form dcv ice w i t h  die, ’ ( ‘apa hi l it v  of h a n e l l  in g  up  lo e ’i  ght c h a n n e l  S Sj mu I t a n e i n i s l  ~
A two channel (Ic ’\ ’ i c c  - lou’ the ex t rac t ion  of p i t ch  in  toi ’n ’u a t  ion in  spe ech is  i b I t t  St r a t  e e l
by the funct ional  d i ag ram e c~ F ig~i re 2 — 1 7 , . \ lii cc! c h a n n e l  cou l i i  he u sed to ext i’aet
the formant in,formation for a channel type c c l  ~‘i ) ( ’ i) ( lCl’ .

2. 3 lL-~l)A l~ C l t”l’T l-: R PROCI -:SS IN ( ;

A n o t h er  i n t r i g u i n g  e x a m p le ’  of spec t rum a n a l y s i s  u se ’  i s  tot ’ the’ c’Iu it te’ i ’ pr ucc’ e ’ssi uig i t
r a (lar  in for t ’na t  ion . The operat ion of tl’~’ clii t t  cc processe i’ a ~~:i i l l  c l e ’ p e ’ n e  Is on c c i T ~ a
single c v l i n e l u ’ h - : i l  t r a n s f o r m  lens.  The i n p u t s i g n a l  to die s p a t i a l  l i g h t t i i e s l u i l a t o u ’  is
ai ’rangeel in a i ’aogi ’ — t i t u i c ’  f o r m a t  as i n d i c a t e d  in  1” ign re 2 —1 ~ , ,-\ I r a l i sv e ’r se ’  t ape  h e - a d
(I rum I’e, ’eol ’e Is across t h e  t ape  in comre spone kn ee ’  w i t h  I he range ret ii cii f r om t h e’ rada i’ ,

ThLl s . c o n s t a n t  r an g e  represents  a I ong u l  I l di  na I t rac’k on t h e  t a p e  - Tak ing  the  I” ou t ’icr -
I r ans forn i  in th e ’  d irect  ion of the tape me u ti 00 or a z i m u t h  pi ’oeiite es a I s~o— eI I m en  S~ onsi I
d i s p l a y  in wh i c h  the  inte ns i ty  ( Z) ax i s  re pr e sen ts  t h e ’ sqi la cc e f  t in -  I-’ou r ica’ r a n s f i e r m
while the X an d V axes  represent  ven’ ia l i lc ’s  of yeloc its (correspoiidiiig to t r e ’que ’ ne ’~ I
and range i’e ’spc ’e ’Iivelv . The’ oLltp ut spect rum f rom t h i s  f o r m  at ma ‘ - I c e  ol ‘ise i’s-ed
visual ly  in the focal p lanes of the ’ t r an s fo rm lens  or converte d to  at i a p p r o p r i a t e  ~- i e k ’ t e
signal h v a V  icl ic on or other  scanning sensor,  \Vi t h  a c y l i n d r i c a l  t r a t i s f o r m  ing lens
as m a ny  cha nn el s ni a v I c e h an cl i  ed in p a r a l  l e t  as can l e e p lace d on t h e’ t ape  and w i t  1110

the  optical ape ’rtu cc, Iii the ease of t h e  e h i t t l e ’  r ~ 
rocesser . t h e  pa cal le ’l c h a n n e l s  i’ e—

p r e - sent  th e  s-a r ious  r ange hi l ts .  Wi t  Ii a I e ’aii sversc reco u’d ing head , s e v e r a l  h u n c h  i- e~ I
c h a n n e l s  to t In’  inch may  l e e ’  o h c t a i n e ’ I ,

,-\ s  a e l e ’ t i i o n s l t ’ a t i e i n  ci t  t h e  concepts  i f l \  o l y e e l , a c ’ l u t t i ’ i ’  p I ’Oc e SSe - i ’  u t i l i z i n g  t in ’  t r s t n s —
verse rt’eot’e l I n -n i l  i l l u s t r a t e d  i i i  l” i gn i l ’e ’  2 — I c i n ch standai ’il vid eo tape is I n ’ i u i g
assembled a c c o r d i n g  to t h e  h lock d iag ram an d sc lu ’ni at  ic of I - ’ ig’u cc 2 — 2 11 and 1— 2 1
(reference 9~ . P ret m i  ioai ’v resul ts  from a ~‘ i i l e ’ e i  SI lU mu a tor  give t h e  spat i a I fu i i c ’ t  i ons
foi’ lii i’ signal and transf orm p lane ’s l l u s l ’ u ’ : i l e ’ d in  I-’ i g u s i ’ e ’ 1— 22  no el 2— 12 u’ e ’ spe ’c~ i ’ & I ’
for a target  of esse,’i it hi l l  \ constant  range  wi lI t  in a gross range  b in h iu t  with si chrepp i e l ’

sh ift th at is p i ’oportional to the i n s t a n t  a oe ’ous t an ge l se ’ b o c i t v ,  Iii p i’act ice ’ . I lie ’
p rocessci’ lu Ll sI cxli it cit pl’ocessittg aga i i i  sI a ( ‘ l i l t  t c - i ’  i ’e t t t  nfl s ini  ii  at’ I c )  t b l a t  i i i eh ic’ a I  e e l
ill Figure’ 2 — 2 - 1 .

2 .  -I ( ‘OlIE Rl -  N T 511)1-: I , ( )OK ING R A I ) ,- \ h i  F’ R( ( ‘ l - ~~Sl - R

.\ procc’sse 1’ (‘1)11 f igu  u ’at ion closely associated w i t h  th e  c h i t  I c - u ’ I ) 1’~~(’ e ’S5~ ’ I’ . i l l  IS  mu c l i
as it utilizes the  same f o r m a t  of (lata hi t  o t he ’  sp a t i a l  l igh t 1110(1111 at  or - is :i e ’oh e ’ cci t t
s i del ook ing  r ae la i ’  pi’eeceSsei ’  c ) r  liiappe’r . he’ h ( ’ ’~e ’ r i p t i o i t  c c l  stn’hi si map~ee 1’ i c t i  I i , ’ in g ’
fi lot  has been con s- e ’r t ee t  hv Cut  i’ona (i ’ e’ t ’ e re ’nc e I c E  a t i c l  I I  ~ - F f f e ’ c ’ t  ~‘e e - I ’ ’  t h e  i’ada
re turn  can t ’orn i  a l i n e Ic ~- l ine ’  l io logr ani  if  t h e  g’ I ’oil n ( l i ’ e ’ t u i t ’n - ‘I ’h e ’ e c u t p i u t  ima m, Le’ ma’~
he form e ’eh re const c u d  log t h e’ ho logram in  t h e ’  a z i i u u u u t h  (I i I ’ ( ’c t ion no e l  u s i n g  I h ’  i t u h e i ’ c -

h igh  t ’r s o l u t i o u i  of t h e  I ’ai ige r e tu i ’ t i  e i thte ’ i ’ l i i  s hor t  p u l ses  n i  iiioi’e c - I l  i c i e u l l  ii ide’ l ean cl
phase  shi f t  i u u n c l u l a t i o n .  t o p o r t r a y  t h e  t ’a n ge d i t u i e n s i c e m u  - , \ i ’e ’ s i i l t  — I  u n b a r  t i c  that
i l l u s t i ’ a t ( ’ ( I  in  l ” i gu i r e  1— I - S  ( f ’ i ’ e i n u  1’(’I ( ’i’ (’i te ’ e_ ’ I i )  n i a v  he e c l e t a i i n ’ d  I c y  h u e ’  c u l t  I g n i ’ ; i t  l e d )

i l lus t ra ted iti l - ’ i ~ ’ii cc 2 — 2 0 , ‘l ’hi e l’eql t i r c t i i e t i t S  f e e t ’  t I n ’ op t ic ’ s  I l e ’ L ’ e ’ S S : i  l ’s t o  i m a g e  : e

high r c s o h i t t i o t u  gi ’oi in e i  r e t u r n  I r e  s i m i l a r  h e ) t h e cs e ’ ele’scnil e e ’d Ic ~ ‘c - h - i ’ e ’ c u’es I i )  an d 11
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but must  take ’ in! I) a e L ’e ) u i t t  the  non— l inear  sc_ a l e  t n c t d ) r  in t inx l i iced  h i  t i l t  i uu g t h ’~e s p a t i a l
light modulator p latu e ’ ( refer ence 12) , In t h is e ’ ’:~~ e’ t h t e  p roces s ing  op t i c s  c onsist  ci i

ss’edge cor ree l ci’ p kit - : to c’ou nter ’act the e ’ffc. h of the ’  s pa t i a l  I igh it niodu ia t o r  t i l t s  a
conical iciu s e ef s-ai ’ia t d c  focal ii’n gth i nuu e l  aj ie ’ r tu  re to give an e u ’ c ’ct image (at  i n f i n i t  s 1

and constant res olut ion to the ’ a z imu th  i uul ’n ru i i a t i o t u :  a c ’s h i n d r i c a l  lcns to p l a ce an
image of t h e  range ’ i n f o r m a t i o n  at in f in i t \  s and a spher ic al l( ’lu s to image the re’coui —

structed svavefornu at the ’ sc ’atun ing sensor. Such a proce ’SSe ’r aht e ) ws  i-cal t i m ( ’  i’ e ’ado i it
of the ground map at a c- e ’solu l ion  cons i s t en t  ss- i t h  I h i e ’  i e ’  solu t  ion av a i l a h l e ’  from r ea l  —

t ime cock p i t disp lay s .

2. 5 ‘l’\\’ ) — l ) I M I - ; N S I (  NA L I- ’I )U R I F  R ‘I ’RA X SI” ) R \ l S

)ther  configurations inv o lv ing  a tw o—dimen sion a l  s l c ( ’( ’t  r sc l  s tu nt si s a I ’ d ’ 1 e c ) 5 5 L h ) I ~’’. I c i ’

examp le ’ , i I’ the’ s ignal  is i-ee ’or elcel on I ape’ I cy a t ran s\’(’ rse’ reeo i’d li e’ulcl . I l ie ’  t wo —
d i men s i o n a l  Fou r ier  t r a n s f o rm  w i l l  in d i c a t e ’  co l t tp on e t i  t S t h at mi re ml t’u i i c t  i e) l i  I e o tb t  of
the ’ t ran s~ e ’r sc  t rack se’pa i-at i on in the di reel ion of t ape  ii i ot i e t i t an d I lie i t t  ‘ c i rc led
signal  spi _’ct no iii in  t he e l i  u ’ ect ion of i’ecore I he ’ad lU lit d I l l  - Sui ( ’ hi SI Sç)e’ (’! l’e) g i ’aFd l u s

i l lust i ’ at cel  in 1” igu I’ d ’ 2—27 ss-her e ’ the  x ax is cur re sp ouuc ls  I e  s p a t i a l  I l’ e ’c 1 u ( ’n c ’  i t ’ s  I l l  t h e-
d i r e c t i o n of hie ’a e l iu le ) t io n and the v ax i s  i ’or re .spd ) ne ls  to s p a t i a l  fr eq u i en cs  in t h e ’  h o t e l  ion

of tape’ nt 1)1101) . .\ cal i l )r a l  iOn curve  for the  X s))at m l  I r~’quc ’Iie’s’ a x i s  u s  i l l  u st  r a t  e’~ I
in F igure’  2 — 2 ~ wh ere ’  the  u i o n h i n c a t ’ i t v  ut the ’ s ca l e ’  1oct01’ ddli ’ to  t i l t  i i i  th e ’  sp atia l

l ig ht  m o d u l a t o r  u u i s i s  he ’ olcserved.  Such a u’e’h u t i q t u ’  is  app h i e ’ a l c l e -  I i )  t h e  l e a  I — I i t i t ’

a n a ly s i s  oh RI ” s igna l s .



! _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

S~ -‘l i l A -  I ~~~~~~ ‘ I 
• 

S I I
1 !Nu LA SS t I lED
icsS ‘IS,i

Fi gure -  2 — 2 7 , ‘Fs e . . e  I ) i d c l c ’ d l s i , i c l a l  I e e ~~~ ‘c l’ u ’ st  s: c s ’ u ’ S  t e l
l~~e ’ e ’ e c u ’ e b ~ ’ e l  I i ’ au i s s  c - I ’ S ’  ~ c ’ c , ’ - !‘  ‘ ‘ - c u -- a l

a.

.eS.•C Ie

~

* 4 . . . .

~~~~~~~~~~~~~~ 
j f ‘ ~- 

~~ 
--

~
- i- -
~ ~+++~~

2 ’ t0 3 I ~I U ~ 0 , su c .

Si ‘e l ’  A ‘- c _ - s ~, ~-,, , I ~, I e c ~~ “ ‘ ‘u  IR - \  , -
S u , N u c A s S i f u t

268 - 401

l” i~~u u i ’  2 - I s . ( ‘ S l h i l e l ’ S i t d , , ’ l  I ’ e I I ’V , l1 l u u ~~iu ’s e u u ~ u~ \ s i i ’ u s e ’ c c - e  - i t  ~ ; cse ’ u s i l  l ’ j ’ e t e - c e t uc ’s

l i i  ‘I ’ ‘ s e n  I ’  cimi l I s t , ,  e - ‘c c ~ i c d u  i s , I  I u ’,,~I u \ l  ci hu d l  l i e ,  ‘ i l  c -e l i i  s e  ‘ \ S s : ’
e~ e ; e t



,.~~ ‘~~‘ ‘- ‘- ‘— — - -— —- - — ~~— — --- _______

The list of pa r t i cu la r  processing app licat ions may he qu i te  long,  for e xamp l e ’ . Fi g i i i ’-
2 — 2 9 i l lus t ra tes  the ’ two—dimensional  t r ans form cit a signal  r ep r e s e n t i n g  the -  e ) u tp e t  I I I I

an a i r f rame’  aeec ’leron ietc t’, Since the signal in t h i s  is e s sen t i a l  e f  a s i n g l e ’  ( Ii n ien s ioiu ,

the result  as it appears is equivalent to a s ingl e -  c l i m e ’n s iona l  t r ans fo rm.

2, di ( ‘( )M M t ’N I C ,~TION SYSTEM I’Rocl- :SSIN(;

\Vhi le t ac t ica l  vocoele ’r s hased on a magne to—opt  ft cepst i’um aiial vze’ r c)!! (‘I’ SI ~)e d l  e n  in I
in voice coni n i un i c a t i o n s  , the ’ e’nip lu asis iii the  coiii  lu Ll I i i  cat  iot i a i’e ’a bias c ’hassi c ’a l i s
( ‘elite red on ceirrela t oi ’ s for  such dis-c ’rs e ’ f u n d  ions as i i ben t  i f i c a t  on fi’ i c -n ’  I c i i ’ t i n -  (1 1- ’ 1-’~
synchroniza t ion . and data demodula t ion .  To th i s  etid , I eo ll i n o i t —  c o h e r en t  m unc h L’ c d h e ’ re - I l l ,
magne to—opt i c  - ec ccc’ l a t i on  and spec t rum ana ly zer  configu ra t ions  ha V e ’  I ccc ii u nd ( ’ I’ i l l —

vest igat ion mIt  \ h a gu uav ox  hle ’search Lahora to r ie s  ( i ’ef e .’r cuu e e’s 1:1 n i - nb 1 I) -

Cot’relat ion proe ’e -si-a - u ’s eli l’fer from th e’ P r ev ioLts p I ’oce ’ssing’ co n Uigi i c i t  ioi~~ coil sic Ic ’  i ’e ’t I
in that  t ’es -o t i m e ’ 5-arving signals may he’ entered i tu to  the’  ~~‘oce ’sse-i’ , .\ 151511 ’  1) 111 u e m t l
cori ’elator confi guration i l l u s t r a t i n g  t hu is pI ’ope’rtv is giveu i  ii i  1- ’ igil I.e 2 — ~ t I - ‘l ’he ’
i ’eee ’ivec l s igna l  p l u s  noise  WavL ’for l i i  ge ’ne - i ’ :u I I  \ c u t  ers t lie cot ’ rc Imu t  oi ’ a I l i t  t ( ’  i ’m ( ’cI  in I t  -

fr equenc y (II ” ) I e ’s el SI r uc b is e’ons’e’rted to m u s pa t i a l  lv  s-a ri ab le in teu t  s i t  V p a lt c ’ ri i  I c \ iii c-s e ‘ I S
o f t h e  si gnal i n te r face  e’t ee’t ron ics and thue N s p a t i a l  I ight  nu odu 1 aloe ’ . 1-’o r t h e’ mome’n I
the spat ia l  lig ht  n iodu h a l o  r in a~

- he I reate ’d as it ’ i t  \S’ere a pie ce’ of fi liii crea t ed iu i rca I —

im e fro ni the i 11)01 s igna l  h 1 lu s  noise waveform - ‘I ’ se’e r ends wo cii i  of t hui s s igna l  us
t hetu 1)i’ (’S(’nt(’( l to t h e ’ I ighi . s e I i i t ’ ( ’ ( ’ , ‘l ’bi e l igh t SOuui ’c ’e ’ al ’t ei ’ e’ e ) l  h i , u i a t  ion passe ’s I h i ’ o u u g h
the  spa t ia l  l ig ht u t l e ) e l U l a t o r ,  ‘ l ’ r aut s fo rm opt ic’s and s p a t i a l  fi I t e ’ r ’ i  ri fed bos ~ a l i t  I cc’ —

const ruct t b t e si gtia I pr e ’se ’nt i lu g it to I he S i l l ’  fm uce  tc t mu second or V. SIlo ! ia I l i gh t  mi l e  I—
ula lor .  ‘l’lu is spat ia l  l i g h t  m o elu l a t o r  represe n t s  ‘ I ’  see c ’ends of Il i e ’  si e)red u’ e ’ tc ’ r eu i e e

s igna l  wh’u i cbu  is e ’j i h e ’ i ’  f i x e d in th e ’  case ’ of a -h a ss iea l ‘‘ m aleh ied  f i l t e - u ’ ’ ’  or is s ’ a r i a l c l , ’
as in a t in it ’ — \ s li’’e- ing ‘‘ iui a tched f i l t e r ’’ . ‘l’ he s’a r i a t i oui is a fune’iio u ’i c i t  t h e  ~e - l i -i ’ u e e I
scan nt e ’thoeb , The ’ I ig lu t  pass hug I Ii roug h I cot Ii I he ’ N mind s p a t i a l  h i  ghi i  mesh I a l o  I’S

ef f e c t i v e l y  m u l l  m p h ie ’ ’ .-e ‘1’ seconds ss-or th cuf t he  i npu  I and s tored re’fe’rencc signals , ‘l ’hi -

t t n a l o~’ci  j~-~ t’ol los~- i lu g i l t e ’  iutu hi  up b eat  ion th e n I” c n u  r i c r  t ransfo i ’ni s t h e  p i ’ s l u u c ’ l  a n t I  is
c’qui~’ a l t - u u t  to  T se conds c i t in t e ’g ra t i o i t  in an e ’ lec ’ tro iu j c  co i ’ r e l mutc n - , At  suui app u -o p i ’ i a t e .’
h o ( ’ati o lu in th e output spat imi l  d oma in . th e’ corre  I m i t  i o u  fume! loll ‘ c t ‘1’ se conds sc e r l h i
i l te ’  i u u e ’ o i n i n g  s i g u i a l  p lu s  elo ise ’ svave ’fot’m w i t h  ‘1’ se ’c ’e c n c l s  is e i i ’ t h i  of t h e  s icuu’ e ’c I  u ’ e ’f e ’t’ t ‘ T e e -

signal  is a v a i l a b l e ’ .

Spe c i f i c  c o n u i g u u u ’ m u l i r e u i s  i l l u s t r a t i n g  l c e t l i  t h e ’  c l a s s i c _ m e l tii ’ ie ’c l st o i c - i l r e - t , - t - e ’n c r ‘‘ n u a t c h e d
f i l te r ’’ and thu c ’ ~‘ a r i a h e l , - t in ie ’ — v a r v i n g  ‘‘ i u t a t e h e ’ e h  b I t e r ’’ h ave  I c e e ’ i i  i n v e s t  igsi te’ cI l i i i ’  I t , c i h i
uton— c ’ohere ’tut t i l t i l  c olic r e nt  St ru ctt i  I’cS .

A cas t e  conhig L l i ’a t  i d ) l t  f o i ’  SI u t o n — c’ oh ie ’ i ’ e ’tut m a g n e t o — o p t i c  I iiat c h ’ Ie’eh t i l l e r  i s  i l l u s t r m i t e d
iii 1’’ige i i ’ - 2— :~ I . ‘l i i i ’  X s p a t i a l  l igh t ! n i o d i t l a t e i i ’ , c o n s i s t  i l i g  c i t SI e e e l a l ’ u / e ’ i ’ , I n s c g i u e ’ t  di -

do nt a i n  ‘es - all s h i l l  u ’e ’g isle ’r . no el a n a l y z e - u - . e m s  c - u - I S  t h e ’  i l i b u di l l i g h t  p c ) l a r i ’/ e ’ eI in  t h e ’
p lan ( ’  oI ’ i~i i ’ i e l e ’ i i e ’ e (fe ’cr th e ’ Kc ’i ’ r l o i u g i t i u e l i n a l  n s I L a ’ I e ’ l t e — o p t u ’  e ’ H e i ’ t l  i l u t e c  a s p a t i a l

l i g h t  a l l ) 1 ) h i l t O l e ’  p a t t e ’ r I T  t h a t  is’  si f i l l l ( ’ t i i ~ ut e e l  t I n ’  a n a l s  icr ang le ’ , ~ - In i l u c -  s i l ’iip l e ’ SI
case’ !ht ’ V s p a t i s i l  l i g h t i u u c e l u l a t o i ’  is  a ~~~~~~~~ ‘ ‘- ot t i l i u u  ouu w h i c h  ( h ue  i l e  ‘ e is i ’ e’ I I  i ’ e - t , - l ’ e - i t e e ’

s i gi ls i  I is su i u ’ c ‘ 1 , I i  p u ’Sl c l  i c e -  t h u t -  r e t  e r ’  i e ’ , - si ~ u l i l  en 1 l e e ’  lii ae I i ’  l ’s  si d l i l c u  I ’ I~~ I I n ’  l i d - c e l l

pat U ’r ’n i ll  t h e ’  N i-s 1ca I i s i  I I i gb u t  1110110 kilou ’ m e l  p h i e o c i g i ’ m i p h hug I I n -  ‘ c ‘sri I t s . \\ ‘ h ie ’ n  d c’s c - l o p e - c l
mI t c h  u ’ e’v c ’ r s e - c I . l I t , -  I i l m  I E i m I V  ( l i en he i’c’p la c ’ e i I  i u i  t h e ’  c ’Ol ’ u ’ e ’ I a t d ’)l ’ I S  t h e ’ S p S l i l s d I  i ’ c ’ t ei ’ c ’ l l i ’ e

s i g na l .  \~‘ i I I u  i ’ c l i n i l r i e ’ s i l  o p t i c s  —~e - s i ’ l ’ ; I I  c l i l t c - u ’ e - u i l  i’ c ’ t e ’ l ’ e - l l c ’ ’ ’  su _~u u m i l s  l u i a ’  l t c ’  SI d l e - t I  i t T

t h e ’  s a l l i e -  I i I l l l  d u e l  t l r i  o u l t p d l t  i l i l s i n e ’  p h i m e ’  ‘\ : i u u u l i u c ’ i h  i ’e  se l i g h ~ Scllslllg mo r r i s  ‘ c c ’ Sd ’ sI’n ue-l

I c ) c h e ’ t e ’ t ’ t u i i c c c -  w h i c h s tor e d r e ’ t e - r e i i i ’ e’  i ’ o r i n ’ I m i I e ’ s  i t ’ I c ’eSI St r o l u g i s  ~~i I 1 i  lie - l c n ’ ’n u u i c l _ i, ‘-sigv t :iI

h h i c ’  t u i mi  I ’  d i ’  S I  l \  s u u i i  s I n e  in  (ITt ’ U se ‘it I i i  nu t e c i ’  I h u e  - I u g h i t  n i e s h i u l a  t e l l ’  I i ’  ‘-i i t t  i l s  h i e ~s i l l

s e ’ r t i o l l  I i e ’ .i~~, hi c c s c c ’ c e - r . h d u ’c C ’ -SS u1 ~~ in  :i n o o — i ’ o h e ’ l ’( ’ I l t  n l d d d e -  l n l r c e l i d e ’ e - s  e ’ l ’ l ’, e i ’ I t l ’ i l , M
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Figure 2 —: l 1 Nol u—C oherent  Matc h ed l” ilter Corre latoi’ U si tug a i\ l agnet ic
f)omaiiu Wall Shift Register and 1”ilnu as the N and V Spat ia l  Light

Modulators

in the’ correlation function th at are due to the DC light bias in e”achu of the ’ l ight
modulators. While one of the error te rms  can be elinu hu at ed b A( ’  coup l ing  to the
photodetector , the u’ etuuaini n g error t ernus arc general ly random var iab les  tha t  are
functions of the particular spatial N and V pat terns .  ‘l ’hese DC error t ernus can
create s ignif icant  problems of both scatter in the optics and s a t u r a t i o n  of t h e’ I ) I i c ’d t d ’I— - -

multiplier as well as contr ibut ing to the output  noise , nua k ing  it des i rable  to a lt er
the DC conupone ’nt . In addition , the lig ht source nuust  be spectrall y i’e’s t i ’ict ed to
iii axii u u i ze (lie behavior of t h e  N spatial l ight iii odit In t or , ‘Flu is in t el iii causes cli ff i ’ —
action losse’s for a non—co lu cr ent  conf igura t ion .  The d i f f r a c t i o n  properties can best S

he used to ac tua l  lv con! rc~ I t lu c I )(‘ en nuponen t S ra t lu e’ r I b an he’ a SOil I’C(’ elf l o ss. ‘l’Ii ese
hene ’f i t  s iuiav  lie ohtai iuecl i’ ronu t h e  coherent  configu i’aI ion I I  hi st r ate ’cl in I” igu cc 2 — t I  2 .
I n th i s  con fig u ra t io n app ropri at e t r a n s f o r m i n g  lenses mo e I stops can cemt i’ol thi&’ l)C
coiuup onent  s h o th in reduct ion of errors  mind fo i ’ opt im u  flu a e l j u  stm ent of t he  pt’ i’(’e’ll t age ’
c c! u u l o d u t a t i o lu ,

‘Fhie f i r s t  l)( ’ s l i c p  t S I i ~ e’s out  t he  bias t e r m  fr ou uu  Ihi e fi i ’st l ig h t uiTd l’h t hatdfl ’ en d  th in s  cc’ —
mer.’e’s t w c i  of th e ’ e ’rror t c ’rn i s  inhe ’r ent in the ’  n on — c ohi ere ’nt  e ’o u ’re ’la t ew c o n f i g u r a t i o n
‘l’ tu is c)e ’e ’U rs since’  t h e’ image ’ of the fi i’st t r a n s fo r u uu  in g  l e n s  is  r e f le ’ct e ’el  l” cni u’ i c r  (c ans  — -:
form ut ( l ie ’  s p a t i a l  amp l i t u d e ’  of the N l i g ht ui t oel i t  I mu t o r ,  I lclu e ’ e’ t h e  spatial frequienc v of
the N si gna i is rep t’e’s( ’nte ’dl in th u e image’ p lat t e ’ ‘es-lie i.e I he’ l)(’ slop is p 1 mie ’ e’e l - ‘l ii is

behavior is i l l ei st rated b~- ‘e -ie ’wiiu g th e’ inuage p l a n e  of the ’ Ii i’s ! I rm ln S l O l ’I u l i lig let i s
with a ml c ’ i’e ) s c c ) j i e  - - l i t  I- ’ igu cc ’ 2 —:1:1  a bench Sc’! U~~ re’p rvsen t  j u g  I hi s port i d i n  c i t  S I
‘‘ nu a tche ’eI  f i l t e ’ u ’ ’’ c o r r e ’ l a t or  is i lhuis tr a t e’eI , ,-\ I 2— in e ’hu  p or tion cit a s ing le  t r m i c k  e ) f  t he
l’ ( ’ g t s t e ’ i ’  is l c c - i l i g  use d . .\ h i t  pa t lc t ’ i u  ci f s i l l  d i n e ’ s  i s  iu l Se’ i ’ t e( I , g i v i l u g  Si 25 ( ‘P1 S ( I I I S I 1’ ( ’

w :lv e ’ . I ~u e’ lo th e ’ I~ rop agmi I i o u )  eolldiicl  or spac i tug .  SI sp(’ct ru m r e’su 1! ing fu ’ cmu I Ii 15

i n p u t  signa l  i s  i c ’ s s e ’ , I  t I t l ’ dsl ghi t h e ’  l u u i l ’l ’ e) s ( ’ cd l s ’  i s  i l h i i s l i ’ a t e ’ c h  i l l  l- ’igu t’e 2 — n - I  ‘l ’he ’
s c - ( ’ d u i e l  t r a n ’~t or n i  i rug l ens  lak e ’s m u l” e i d i l ’ i e ’ i ’  t i ’mt n s f o r iu i  ol t h e’ s ignal  which  e ’xe ’cpl len’ t h e ’
i’ e ’tle’e’ t ion in  s c a l e -  fae’Icn ’ is t h e ’  iuiv crs e I r a n s f e r u u u  of t h e ’  I igh t i n t e n s i t y  appea r ing  in
t h e  I i  i ’ st  i u l c : i g e  - p lan e ’ , si n e I p lac e’s t i n ’  recen us l run t c e  I i lui agc ’ d i l l  t h e ’  sO ‘si t c- c’ eif t h e ’ se’t ’c~~i e l

l i g h t  n m c l t i l a t o r  5 5 - h e - i ’ d -  th e ’  N s gna l  l i i i f l t i S  t h e ’  e ’ r i ’ c i i ’  c ’ a l l n i n g  Ii(ii ’ tii ) Il ci i t h e ’  l ) ( ’ I c - i ’m i s

__ - —
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nu u l t i p lie ’cl ( , c, t h e ’  I s igu t a l  . Siuu - e ’  s ac  l l n i t u o c h u l a t c  ‘d l igh t  except t h a t  c)f t he  signal m’e ’aches
th e ’ sceonc I uu~oeIu I a t  o r , t \ \ ( )  ot th e  c ceo r t e ’rm s ace - eliminated to th e degre e that the’
DC stop and o the r e. h ’u i i e i ’u t s  of the sy stem approach the ideal ,  A second stop p lac€ ’u I
af te r the’ t h i rd  t r a n s f o r m i n g  lens fo l l owing  the second or V spatial lig ht  modu la to r  would
have the ’ e f fect  of r emoving  the r e m a i n i n g  e r ror  te rm;  however , it is at  t h i s  po in t  in
the image plane  that  the  cor re la t ion  term also appears.  Thus , to separa te  the  desi red
r o e ’  i’ ’ltt t ion signal f rom t lu e l)C e r ror  t e rm , it  is necessary to u t i l i z e ’  a s p a t i a l  c a r r i e r

v w i t h  i ls c  V p a t t e r n  ~ enei’ si to! ’ , hI o s ’,-e ’e-cr , th i s  ca  rr ie ’i ’  is a u t o m a t i c s c  l iv  i n t r o —
dLiced by the  na tu ra l h i t  spac ing  in the  uuu agnet i c  domain ‘ev al l  s h i f t  i ’egiste r .

The bench setup for sc comp lete ‘matched f i l e r  correlator  is i l l u s t r a t ed  in F igu re
2-~~5. Thu c ou tpu t  p ho tode te cto r  has a mechanica l  scanner  for obse rv ing  the f u l l  image
plane.  Th is a l lows  vi c ’w iuu g of the co r r e la t i on  func t ion  at the sideband loca t ion  and
1)i ’O5’ielc S a ( ‘ouu\ ’en ie lu t m e a n s  of o b s er v in g  the e’ffccts of s imiul ate ’d dopp lee ’ - ( ‘ I c , ’ . Th i s
scanner  nu av l) e ’ re’p lac ’c ’c I by a solid S ta l e ’  s cann ing  a r r a y  of the  typ e th at has  been
r ccciut l  clevclo i cc ’eI for  I - u ) m h i s e c ’ t v i d eo and IR sca iuning  app l i ca t i ons ,

in a tinu e- — ‘ e s c  e Y i n g  ( ‘oi ’r’ela tOu’ , h otlu t h e  N and V spat ia l  I ighut n o du ba t or s  a( ’cept tin s c,
var\  itug s ignals . Such mi con f i gu ra t iou u  wi th  a co lue ’r ciu t l i gh t  source is i l l L l  s trate ’c l  iu u
Figure’ 2 — l b . Th is c o n f i g u r a t i o n  is e ’s sen t i a l l v  (lie sanuc as the  ‘‘ nu atc h u ed f i l t e r ’ con-
f igu ra t ion  of I” i gu cc’ 2 — ~~2 e’xcr’pt t hmu t h ue’ f i l  uui s pa t i a l  l ig hu l modu la to i ’  has  H e-en rc ’p l ; l e,’c’d
I en  a magnet ic  do m ai iu  ‘es -ill s h i f t  registe ’r spa t i a l  l ig ht n’uodu lato i’  . .-\ he’ nc hu sc’tLu t ) ol
t h i s  c o n f i g u r a t i o n  is i l l u s t r a t e - c l  in 1” i gur e 2 — t I T  - It should be noted that the ope’ ra t io iu  of
th is  co iuf ig eu r a t  ic )Ii also includ e ’ s t h e  ‘‘ matchuc ’d f i l t e r ’mode since aluv pa t t ern  sIt if t i i i g
th roug h the ’ V spa t i a l  l ig h t  nu o c lu la to r  m ay  he stopped and is e q u i v a l en t  t o  a piece’ of f i l m
except for th e ’ i n s e r t i o n  loss.

- \ ‘ — S I F I E D

‘ c - ~~ - I S - Ie ’ uie ’ h i S d - l u l l t o i ’  m~ I ‘oht e’i ’ c-ll t M a t e - l i e - i l I- ’ i l t c r  ( ‘o l ’ c e ’ ! s d l  c i i ’  1 s T i r

M a g s e  l i e ’ I )  d l ) c m i i i u  \\‘ s i l  I S h i l i  R e g i s t e ’ l ’  I n ch  I ” i l m  t o e  t h e ’  N an d  V ~t i s di hi I
l u  gh ~l c~ i he  1 alot’ s
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Figure 2— 17 , I T c - ’ i c ’ lu  S e ’ ! i u h i , ‘Fime- \ ’ al’s j u g  Cohe ’u ’ c ’uut  ( ‘ c n’ r ’e ’ Ia l e i i ’  l ’ s in g  M m i g e u e ’ t  i i -

Domain  ~ ‘ a l I  Sh i f t  U - g i s l e  u’ s as t h e ’  N send V Sp s e t i s e l  l i g h t  ‘e l e i d i i l a t c n ’ s
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A conceptual drawing of a time varying cori’e’lator conf igura t ion  indica t ing  the  relat ive ’
size of a unit  emp loy ing all solid state components  is i l l u s t r a t e d  in Figure 2— :;~

.Au u in t e r e s t i ngu se ’  of a spectrum analy zer  configuration in r e d uc ing  the’ search time’
for narrowbanci infornuat i on  modulated on a wideband conup lex carrier is ill u strat ed
in F igure  2— 39 and 2—-i l l . Here t u e  anal y ze-i’ dctecmiiues (hue ’ f r e q u e n cy  u n c - e ’  u’t a i n t \ -
in the modulator  load t ime , thus  elini m a t i n g  t h e’ iuee’d for a scpa rate f r e q u e n cy  sea rch
at each code’ cloek in te rva l .
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APPENDIX A

SPAT I AL LIGHT MODULATION WITH THE KERR
MAGNETO - OPTIC EFFECT 
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APPI’: N DIN A

SPATIA L LIGHT MODULA ’I’lc ;N \\l’fl l ‘ 1 111 - KI - ’ hU t
MAUNET O -OJ ’TI ( ’ l l ’I - ’ l - l ( ” I ’

T h e  Kerr  nu ag i u e to—o p t i c  e’ffe ’et is a ch ange d) f c - i t  l i t ’  i’ u ’ c i t a t  iou c i i ’  re fl ec t  ion of i i i - i d e - s i t
pola rize’d l ig h t on a fe r romagnet ic ’  su i’face’ bs t h e’ uuuaguu c-tie’ St mite’ i i t  th e ’ SI t  u t  s e c - i  ‘I ’hie -
particular c i t  eel  t h at has u’ cce’ived the’ m a i c u i ’ i t \ -  i -c f a t I c - n i  iouu mit  ~e I s l g i i m I \  e ) .\ I ~t seal’  d ’h
Laboratories is th te ’ lo tug i tuch  i na l  Ke’ rr e’ffe ’ct ili ss’li i cl u t h e  n iag u u et iz a t  ion is  ; i t i  en l I e  I l i e
t i l e ’  pla ruc e) f incidence of the  p o l a r i z e d  l igh t i s  i l i u s t r a t e - d  in  h ’ I i ~ t i u ’ c -  A — I . I h e’  l ’ e - s d . ~ i e e t
for th is  emp h a s m s  is t w o — f o l d . By u s m n g  the’ l ong i tud ina l  Kerr  e f f e c t , t h e ’  ~ 

e - i ’i ’ c -  a t m~g -
of nuoe lulati on nua v  be’ adj u s t e d  at the cxpe ius~’ of i n s e ’r t i o r i  loss , I h us c ’ i u u i l  c s i s l  ‘ sc
app r oachi n g 1111 ) 1 u t u a y  lee ’  ob t a ined  . .\ se’ e ’euid a c I~-m in tage  of ( hue ’  h o u u g i t u c h i t u s c  I c - l i c e !  i s
that the DC term nua~ I-cc ext  i u l g i u i s h t e d h  to an e x t e n t  tha t  i t  is  a l u lu  c’t ion on Is -  of t I l e  q d i s l  h i t s
of the po la r i z ing  el e’ru ue ’nts u t i l i z e d . This  is p a r t i c u l a r l y  i m p c i i ’ t a u u t  iuu c ed ue ’r e n t  pi’ c
cessing all lu l i c a t i on s  svh e’re 11w ciua l its ’ of the ’ output image u uua s  led’ ~ e ‘n od sls  i l e  ‘L ~ l’ s d i  I t ’d
hr optical b u l k  antI surface ’  sL .- s u t ’ I d ’  u’ . It e ’duci lu g  t h e  I) C t d ’ r m  ni i u u i 01 l i e S  t h u d ’  c, ’t ’fe c I S cii

scattet ’ and ci i t u ’u m ate’s (lie ’ iced for spa t i a l  f i l l  e r  i uug  of t h e’ 1) 1’ I t - r ut in I h u - fr e ’qu e ’- i  r
d omain . This l attc ’ r uuio de c- cf operation is pos s ib l e ’  s ince  it is the  p o l a n i z a t i o u u  e l i s—
continuitie’s that  are  the ’ source’ of ch i f f i ’ae ’t  i e U i  i n  t h e , ’ p l a t te  c f  the ’  spat ial  l ight  nb c 1 —
ulator  rat lte ’r th an thue ’ obse ’rvabl e ’ ch anges il l  j ui t e ’ ut s i l e c ’xis t iuug mit the ’  se ’colud p lc  si I’ S / i
or analyze ’ i’ in  the  sv ste ’nu . Other  nuagt i e ’to— opt IL’  effe ct s th u a t  c’a ii I c e ’  cou uside ’ c c l  v,- i t l i
SOnte ath’ant age are the p d ) h a r  sH il l t r ans s  t ’ i ’ Sc -  Ke’ u ’n - t t c’e’ts mi s we ’ l l  s cs t he  1-a I s l e  sd

effect .  Tlt e l” ara i las -  e’f fe ’ e, ’t covers a c’ha i i gc - at u - i l ct  l ou t  en ’ t rm cu us n ’  I SSi i  cii  miS  I l i t ’  I )
passe’s th u rough the m a ter i a l  and is ol h u e  sOn ic ’  g e - n t ’  n c  f o r n d  I s t h e , ’ s-a - i c u t S  K e -  i’r
effects except that  the~’ mn\’o lve the re f l ( ’dl  c u t  r a l l i e r t h t m i u u  the ’ I i ’mi ns m i SSioli of I ighi t -
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A h asic spatial ligh t nu odulator utilizing the longitudinal Kerr magn eto—optic effect is
illustrated in Figure A-2. The incon u ing ligh t is polarized in the plane of incidence
b a polarizer (or a polariz ed ligh t source such as a gas laser max ’ be used). A
prism is utilized to pro vide a rigid substrate and to efficiently couple the polarized
light to the thin film. A magnetic pattern generator in conjunc tion with the ’ thin f i lm

LIGHT ELECTR ICALS IGN At
SOURCE 1COLL IMA TOR i INPUT [it)
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Figure ’ :~— 2 . h i m i s i e  Spat ia l  Lig ht M oc h u l a t o u ’ I ’ s iu ig  I ~c n t g i t c i c l i t u a I  K e ’r i ’
M agu i r to— (  )pt Ic I’: ffe ’ct

spat ia l l~- cluang e’s the ’ iuu agl u e ’l  ii’ s h a l e ,’ of t h e’ t luin f i  I m . A s e ’  cd)nd pola r i/ e r  p lae ’e’d cs an
a tum u l y ze r  in the ’ li gltt  pa th  f rom the  pn i  Sm se’ i’s ’ e’s to c o n se n t  t Ite ch anges of r ’otal ion
expe l ’i e ’uuca ‘ci  at the surface ’  c’ ithe e’ to a eli auug e’ in i n t en s i ty ,  if dii’e’e’l viewing is of
in tere s t  , or to el bu t i na t t ’  t lie ’ DC he em , ss’It e’ti colic rent  processing c - cf t h e  hi foi ’nuat iou i is
desi red . This  inte ns i t ~~i’o1atioi u i iu te c e ’b m inge depends on an a n a lv z e r— p o l a r i  ze’r opera-
tion curs- c as i l lu  strat( ’d iii 1” i gure A — :t  l ie ’ re the  qu iescen t  ope’i’al ing p Oi ut t is del e’ i’—
uu i m e d  by the ro ta t ion  of t h e’ ana Iy z e ’u ’  r e l a t i v e ’  to the ’ polariz e r r e’fe r ciuce ’d to the
e’x t ine t iou u poin t ,

An import an t  eon sieleral ion  is the or i ( ’n ta t  ion of t he  anisc i l rop luv ax i s  of t h ue ’ fi liii t o  the ’
p lane of incide ’ne ’e . For the e’as~’ n uaguu e ’f ic ax is  of t h e’ f i l m  or ten It ’d pm u ra I k-I t i c  f l i t ’
p lane’ of incidence , the induced fi e ld e’an have ’ e s s en t i a l l y  only l \V e t  \ ‘allie ’s , 

~ s and
— B

5
, g iv iu ig  only two ro ta t ions , -

~~ ‘~~~-— m u n c h  has  o n l y  two  i u t t t ’ u i s i  I s  v m i h i u t ’ s  f r ouu u t h t e ’
pe)lti i’i’/~t’r—anaI\’Y~er operating cu I’ve . — lii t h i i s  rn cx le ’ , l i i i ’  t h i n  fi liii e ‘~~l uIl i it s I c u d u t u i d r s  - S e C
tha t  i f  t h e  l im i t  t e r n  ge ’ne ’i ’ator is i’eruuov eeh the  h i a t t  t e n  w i l l  l’ t ’n ia  iii - ‘h’ ht is pl ’ope cI s is c i f
value for s tat i o n a ry  ot’ quasi — stationary ‘‘ u-u i at ehea I ii I icr iiu g ’’ oper a I i  c) u i S Sil cli as en —

count ered i n cor eel a t i o u i  c i i ’  in  an ~’ cast’ w h er e ’  i t  i s  cle ’si u ’( ’(l h e )  h i s i v e ’  1 i t e m — y e )  i’I a I
St orage ’ of th e i t i f o r n i a t i o r u  to  he pi ’Oe ’SSe(l . h owever . in t h i s  iu ucidt ’ cit  ope ’u’ah i  liii  h u t ’
l i gh t  m o d u l a t o r ’  h a s  t h e ’ c l e ’ f ’ect of ht ’h as  u u u g  as mi ui i de m u h ss ’nu ru ie t u ’i e  ha rd limite r In
t h i s  mode cd ope rat ion I - he ’ l i m i t i n g  at’t icm can d ’ s F d u S d  pi ’ c i c ’ C ’ S S i u i I 1 , l oss e s  m is h igh scs
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Figure A—: I . M oeh ula t o  i’ ( )p era t ing  ( ‘ Cr rye

(I DB for constant  envelope  in t e ’r f er cncc  ( r efe ’r euuvc ’s  .\  I a u u el  -\~~~~ - hl cm’es’e ’ r , for liii I Sc’
interference , the loss due to the ’ l i r n i t i t u g  ac t ion  is o n ly  I DB or cc - c W h i l e -  hard
l i n u i t i n g  hehavior  is a l lowable ’  for a s’ai’ie’ls- of si goal prc s,-t ’ s s i u i g  tee ’hu n i q im e’ s , t h e ’ I i  lu l l  —

ing action can Ice as’oidcd svith a ha rd  iuu agu li ’t i ( ’  ax i s  o r i en ta t ion  of t he’  t h i n  f i l m  - l i i i ’
this o r i en ta t ion ,  the iuuduced fie ’kh and I i euue ’c Ke ’ en r ota h i ou -u i s  I i  r ica i’i Is - r~ rop oi’t io nmi  I I c c
th e- i n du c i n g  fmeld  II u ru t i l  a va lue  of ll l~, the’ m llu is ot l ’ op hv f i e ld  is r’ e ’ache ’d , S ince
there is uuo r’ e’i-nane’nce in the ’ lu ar eh mix is ou ’i ( ’ru  t a t i on ,  t h e  ii e -e c ’ssit  s for mi l i i : i s  f i e ld  t c c
erase the thin  f i l i u  as the ’ patteriu is chu m ungedh is also re ’luuov ( ’cl and 1 i u u e - s u  n u t s  mu tuel  (‘.r: l
scale r e ’su I t  for hi ot lu imag ing  arid p roce ’ssing sl l u lu l i e ’a t i ou t s .  T h e  B — I I  cci u’s _ c ’s of i d e a l
easy arid h a r d  axis t luin f i l m  or i en t a t  ions mccc show ,u hi 1” i gu re , \ — 4  . svh i le ’ l s ’ p icah
values  obtaine d ft ’oiuu a Ke rr B — I l  Test ci’ and i l l u s t r a t e d  in I” igu cc ’ A — 

~~ , .\ lvp i e’al
cei ry c ’ i l l u s t r a t i n g  the  l i n e a r i t y  f lux h ( ’ m i I - ,au ,~c d - c - c u u p h i n g  m iii t I n ’  I h i n  f i l i u u  Is ’ i 1 l t I ~~l i ’ S I t c ’ c l
in Figure’ A— it .

A l . ( ‘ , I t ,  ( ‘a lto ,  ‘ ‘N o t e -  on Si g u ’t a l — l o — N i i s e -  R m u t i o  in Ba n ch pass l , j m i t c ’ u ’ s . ‘‘ I l U ’  I ’ r m u n s
on luu f orn i a t io r i  ‘Fhe ’oc ’i , l’1’ —7 , N i , I . : ; ! ‘ — - l :  ( .Ja uu l 9 f l )

,\~~, I t ,  I- . , I - s d ’ h c ’ h h ) a d ’ h . ‘The ’ J ffec ’t c c l  h lmi r c l I~i r i i i h i u i g  i I i  S m i t e - I l  u i -  t t t ’ p e ’ m i I c - u ’ s  i l l  S i g n s i l s
- m p h o v i n g  ~-\ n gh ’ M e i e l l r  Im i t  1cm . ‘ R e p r i n t e d  f rom B a l l i s t i c -  M i s s i l e ’  a u uc l  Spare ‘ he - c-It -

uu olo g~’ , 1 , ,J I I  —~~l i ,’ ; : ~~ ’ m i e l t ’ n i i e  l~c -s- ~s In , t ’ . ( 19( ifl)
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UNCLAS S I F I E D
l l r ’- 7 21~~

Figu re A — O  , F l u x  Le’akage i u u h o  M a g n e t i c  Th in  h ” i l u u u  fr ’orui Recording
‘l’ape s’, t l t  One ’ M i l l  Ms I m i u ’  S p s s d - i S A ’ ~ IS ml l ’ s i ’ i e ’  i e ’~’ of Ue ’e’ord Level

The’ s imp lest  cml se of mi m agtu e ’t  ic l i a t t c i ’n  g c - t t ~ c s e t  or I S  a 1e I t ’ c c  - el  i i  i d a  i ’ils cc ce)  rd l ( ’ ( h

nua gn ct i c  tape’ p lac -d aga ins t  an approprird - - I b i n  f i  I u u i su t U t u  cc - I l e nt ’  I i n  - f l u x  J e - a k m u g t ’
f ro r uu the ’ tape cause’s a eluange in ro ta t ion  c r ’ i’e ’ f l t ’ c I  m in c e t lu su l is  m c I ui tue ’ l  r e n t  c f  the ’ t - b c ” s e ’ ii

quiescent  op e ’rat in g point . t h e’ a iu i ount  of fl ei x le’a km u g c , mu tid the  t h i  ii h I  iii o r ’i cn ta t u  d i l l  as
in t roduceth  above’ . ~V ith such mu s pa t i a l  I ighu t n io c lu l  a t oe ,  l i n e  - :~ r’ den s i l l  t ’S  I t u t h e’ or the  r c i t

2 , aim hi ts  per inch ss’ith bauehv idth s up to 2 I t d d  Mi i i ,  hay~, ’ i ’ d - I d  S d u c ’ e ’ s s t U i h \  u’ t ’ mi ~l l iv
magneto—optic t e ’ehni que’s (re fe ’r ences ,-\: l arid .\ I )  ss’hue ’ r e SI rui m u gnt ’ l  i ra  h i s -  s m u t u  u ’ a t t ’ c h

A:t , J . J. M i v a t a  an d ‘1’ , l~e’lit z . ‘ ‘M A C c l u  — .\ ~~‘s~ :~ppi ’oac ’hu t o  I h r g h — h ) c - u i s i l s  Msc ~~s i c ’ t u c ’

Recording. ’’ Presented mit Sv t i up o s iu r i i  ci i i  i , m i u ’ ~~c -  ( ‘ a pat ’ I t s  M - u u u e u ’s I i  ( ‘ h i i l d 1 S l d i— - ‘ c

C ompu t lug Svstcnu s (M mu ‘,- I 9(~ I ~
A4 , I) . A.  ‘l ’hio iuup son . and I I ,  Change’ . ‘ ‘Na n i se  c c i r c e  I M i e ’  r e  i s d ’ c i l i  I C ’  ~h’a sci r’erci e ’nl c it

Magnetic F i l m  Sss’ itching h Kerr  M : c ’ ~ r u c ’ l e  - ( Cpt ic A pp sit’ atIrs Phs s Slat Sd

17.  N i , s’: ; , ~~ ,‘~~ -- ~ ( e  ( I  i d h i b

, . . ,~~~~~~, - _ _ _ _ _ _
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recording me dium has  nio\ ’ & ’L l Un ( l t ’  t’ m c Spot ct I i ’~}it i l l  a l~ c ’ t ’ i’ lil a g i t e  ‘ t e e —  l I t  IC’ 5! r ’ i r c ’ t u  ‘c:
At  Magnavox Re ’se’a ecu Laho r atc i  r ’ie ’s , K e n  I ’ r’ c ’ s c c h n u t  S e ’ , x l t i l ) i l  i r i g  p m i ’ L i u u i ~ e I t - o s  l i e  in
excess of I I ) , c H I l I  C 15 1 h as- c ’ l e e - c - t i  ol c t a i u u t ’ c j  , _-\n a r d ’ mi i’ e ’ m c e l c n r t  l u ’ ‘ r i  s e I i  s,~L ’ I s le lu  l m j i i u ’  c i
the typ e i l l u s t r a t ed in I” iguu ’e’ ~

- \ — I is i l l c ,r st c m i ted  in  1- ’ Ig d t  I ’d’ .\ — 7 , ‘l I r e  - 1 s t  I e e ’ r i ! ; d  ‘ I -  I I  i l i
this case’ was r e’c ord c ’ch on lm dp e ’  ss ’it l t  a t t ’ m i n s s e ’ c s a - i ’ c - c : c c i l i u t g  h e - m e d  s I t  m l  d I e  I d ~~ i t \  c t  I d e C 1 0

bits per inch in t lu e’ d i r e c t i o n  of h e a d  Ii c \  c - n i e - i l t  : i u u e l  m c t  a d c - n s i t s -  c l t e p e e  c h m e n u i c - l s  p - i ’
inch in the’ cli  r e ’c t i o i i  oh ta p e ’  r l i O V d ’ I i t  c l u E

As prev ious ly  i tuch ic a t e ’d , m c x l u l a l c u ’ s  u t i l i v i u t g  t h e ’  I ’ e r t r ~i t u c l i n m i I  K c - r u ’  c - f i t  c i  1 1 1 5 e V s i l l e r , s
ad jus tmen t  of t lue ’ l i e ’  c’ce ’uut a ge ’  if uu d l L l u l a t  in t l  h e )  c c l- c t  t n t  i Ze- (‘0111 ‘sc St i ’m d t i c  i t  S i c  ss i I~~ i s  e l
interest , or c o n t r o l  t h e ’ m c mo uu l t ci DC l ig h t  m I p p e ’ m i u ’ i u d L ~ in  t h e  o u t p u t  s’. i t h ’ i d t l  s l e s el  im i l
filtering if sig ’ u i a l  pt’ oce ’ssin~~ is of iuu t t ’t’ e’s t , ‘I ’h i s  l c ’ h i m c s ’ i e c r ’  lu ~~d~~’ l i e -  s c ’ e - ~ I c s  ‘c he r r i n g
to the pola r iLe ’  r — a u u a l y z c ,’r ope’ r a t i tu g cu r s - c’ , ‘l ’hiu s , u s e r ’  e x t i n c t  i ut - u , ss b c - n t  - l i i i  op c’  r a t  i
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UNCLAS SIFIED
1065-1306-A

I” igu i’ c . \  - 7 . \ 1sct ~r ec- t- u e I ; ’ i t c ’ ,\ u ’ ’ s e  I t c - 5 1 I c I It ct \ i , e r , r r ’  t u c ’  ‘F ; e r n  l ’ , e ! i ’ ’ c ’ r l  d , c l t i  ‘ 5 1 1 , 1 ’

~V i I h  a I a e k i r u g  I ) u - r i ’ - i i l s - i t  I .e f l i t s  I c  r ’ I l e l l  I c ~ 1 1 1 c c  I ! u i s  ( ‘I u ’ s - L i I ’ i c Lne ’h ~
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point  s-i —s— the l ig h t ou tpu t . 1~ (14’. 14 ) .  m i s a f u n c t i o n  of t h e ’ s h u a t i a l  n u d i d l u l a t i  ng

funct ion  H ’ (x , s- . t) is give -n  I)\ ’

1(1’ ‘1’ / ,~) 1(1’ — ‘1’ 
~I - 

- — (cos 2~ ens 244 ’ci 2 (C

— Si l i  2 I-i c ) SO t ,~~~ )

h - c u r t  th e’ I e e ’ d ’ ( ’ , - t t t niodii l m u t i o i i  , M , for ..~~ -i ~ < I i s  g iy e ’n  cs

‘i ’ 
- ,

‘I’ / cc’ t I c S  ~~~~ i —

h e nce. \1 i s  i r i s  (‘u ’se ’lv l )l ’oh iont iona l to th e  iuise ’rt  ion loss  • I ~ 
in  t h e  v i c i u u i t v  ( I f

ii m Ind is lo’0 I )olt io l ia  I to the square ’  lit mic hi  es-ab le r o t a t i on .  14’ , A t  ~ Ic-e) d l,~, J ( 1 4 1 )  ( 1 b u t  h i o t h  p o l a r i z a t i o n  mu uid p hase e,’hanges mc l b ’s e f f i c i en t  s p a t i a l  i u io d u l m t —
t i o u ’i of the  ine ’id erut  I igh t

W h i l e  the  lu st ’ of t mi l ) e ’  m i s  mu t i ’m i r u s f e i ’  I da t t c ’ I ’ ui i4 e ’ I l e ’ r m l t o c -  IS  I t ’ S ( ’ l ’ i h ) eCI  s c h l ( d s ’ e ’ is d e ’ s i u ’ —
a h i l e  fot- m c l arge ~a ri ctv  ot imaging  mind s i g u i m l  I crd ) c ’ e s s iuu g  pl’Obt efl lS m i n d  is  coru1 ~i e ’—
t i t i s’e  ill  () l ) t i ( ’ m d l  i - ( ec ’e ss ing s i l ) l ) l i c ’a t ions  u - e q u i u ’ i n g  i r i f o r i u t m i t i o n  che rus i t i e s  ml l ) p l ’ O s d ( ’ l l
i rug those  ach uie s’ sub l e  f r or uu I l l  iuu . i t  is des i r ab le  to eou u s i d ei ’  other  m a g n e t i c  st nil ’ : ILme ’
t echniques  w i t h  s p a t i a l  t r a n s f e r  iii wh i c h t he  r u t ech aui ic ’ a 1 iu t n s ’e tu u e n t  of h u e  s torage
m ed i ri nt I S i t s  e’d w i t h  t h e  t ape  t ech n i q t r e  ii l u s t  u ’ate’d above ht mi s been (‘XC’ hud c d .  l i i i s
lea s e’s c ’ o r i s i d e r m l t i d ) u u  ccf I e ( ’h td t i q tue ’ s  s t re hu I S

• MagnctcsstricUvc variat ion ci t  a u l sagu ler , it’ ii e’lcl in ml I iuu e’mir n u e d r u  n-u

S • Tiuern t oma gruel ic n iod i f i e ’mu t iou u  ~ef t h e  t u t e d i r r  flu

• ‘c lag r uet  It’ ~‘cire or a p ( ’i ’ture ~c l ot  (‘S t d ) I ’ s d  ge t r s i  r u s f t ’ c  ut i  ove’ m euut

• ‘I ’h i tu— I ’ i l i i i  st o r scge’  s d r u d  I r a  risf e ’i ’

• M s igne t i c ’  d o n u m u i r u  ss - a ll  r l d s ~-em( ’n t  i s  , e I iu i e ’su ’  s i t i f t  r ’( ’gister

- f i r s t  t e chn i qu e ’  sit I I  el’s f re ’i iuu t h e  sa n e’ p r ’ o l c I  cr11 m i s  the ’ Se’mi i ’ s— l ) e ’I  es e ’ c ’ ffe ’e’t , uum i t n e ’I s
re ’I a t i s  e- l~ ’ h igh  p r o p m c g m u t i o u u  s’ e - h o v i l  i t ’ s  svhi ch r t ’ s e ih t  i u u  mu le i sv i u u f c u r n t m u t  ion  p m i e ’ L i n g
e l c ’ f l s i h ~~. lu u m u c h c h i t i o i u . u n a g ’c u et o s t c i c t i vc ’  t l ’ ansd lu e’ cd’ s  r~e ’ r t e - r m u 1 1 s  b a s e ’  u u i u e ’ I i  I I - c s v e r  IS I d —
ab le ’ b m u n c i w - i d t h s  min d  e, ’f I ’i e ’i eu u c ’ i cs  the n t h e ’  pie/ c ele ctric I E ’ auu sd h c uce ’u ’ s  u t i l i z e d  s’c l i l t
qu s c i ’t~ e l e ’I a v  l i n e ’s  ( e .g .  , f l i t ’  t c m i u i d w - u h t h u  i s  u — s u s c l l s  le ss t h a l u  I M l I i  m c i u e l  i t i s c ’ l ’ t i ) i t  l e ssc  s
in t i l e ’ ~ u ’dc t’ of ~ e c  I )1l or  b igh t ’ i’ iuuav I - c c ’  e ’n co l l r u l  cree l  at t h e - s e ’  bm u n e lw l e I t  11 s~ - l l c i s ve ’ ’c t ’ u’
s e e , oust u’ mind  e l e c t  r ’o r u i s lg n e ’t  i ( ’  i n t e ’ i ’ r m i c t i e ) r i s  m i t  1 1 1 1 r ( ’ I t  hig h e r’ f u ’ e ’ qu e ’ u i c i c ’ s hav e’ I i d ’ e ’ I i
r ’ e- I r c r t c ’ eh ~n t h e ’  l i te r a t u r e  siu ie l  h i t ’  I c o s s i h l i l i t A  of c o n s i d e r i n g  m r i l t i jc le ’  t h i n f ’i l t u u  c h a u t n t ’k
appears  to (life - u’ 5 t S ~ ! i i t i d ’ m r d t l m l e h v a n u t a g e ’ s  c i S c - I ’  ‘ i i i l a i ’  t e ’ r h n i q t i e ’ s  u t i l i z i n g  t I n ’  51 511’ s - - -

l)e ’hye ’ c-f tc - ct -

I l t e -  ‘-‘ e - ( - e i u i e h  ( ‘ m d l c ’ g i l u ’s c t  t e ’ e ’ h i u i q t r e ’ i’i iru s e c l s  i r i ’ ,.~ l ie  l I r e  r ’ i s o n t m i g i u ’ h i c  u u i c i h i f i ’ m c t i c i r u  c i t  mu
‘ l m r L m n ( ’ t l ( ’  r r r e ’ I h i c u n i i  u s  c r u t e h e ’ r ’  ‘ c l i i i l u d u i n g  i r i S - c - s i  i i Z s d l l ) I i  m i l l c l  w i l l  I t o h  l e e  ‘e ’ p e i r ’ t t ’ e I  s i t  t l i i ’~
t i r u i c ’ . F ir’ e ’ e - c ’ i m i i d i  m i h - c l i h i c ’ m u t u ’ i , r s , such mi s  t h ose ’ ins  c i l s  i u t g  t i n ’  c ec r ’ i’ c ’ h m u h i o i u  ct ss i c h ’ l c m r I t i i

e c n t ’  cht ’ s i o - h m u e ’ L  d o - s  en ’c c r r’ i l l  t h e ’  su i cp h i d ’ m i l i n n  cf t i t i s  I e ’ e ’ h t n i q d l c -  ~ l r i e ’ e ’  m iii t ’ r ’ m l ~~i d l ’ c-
i s  u ’ c ’qti  i r ’e’d a t i e  - u ’ c - s o b l ’ u ’ m i ru i c - is w r i t t e n  iii i l ’ 1  - i ’ f e c  ru is c - t h e  m u  c u r t  mit  1cm t e l  t I n ’  u cx l
! i - -~i t i o n  s c l t h o t i g h i  w - r ’ i t u r i g  i ’ m i l e ’ s  d ’ n n sj s I ’ r r t  w i t h  t h e ’  Imi  r’ ~~e ’ s i g r i s i l  lc ~i ricis’ , i c h l h i s  u s

h it’ e ’mich  t’ u’ mir u ue , l i  m u c ’ h u c - s -  mi sh i l l  u a ’4 l s l c ’ r’ 1 5 1 c c ’  c i  l l i e ’ u ’ s i t  j~ e l l  l i i  s \ I l i c l l  t h u  p s d t l ’ i ’ u i
I r Is e s  c ’ d ) I i l i u u i i c ) t i S l 5  s c i t h u i n u  t I n ’  l ’ n ’ m r t i i c  c i i ’  s i j i e - r ’ t u l ’ e -  w i l l  r ’ c ’ q u u u i ’ e- c l i t h e - r e n t f o i ’ r i r  c t
c d l i e - r ’ m d t i i t n  than u s  c ’ r t r r ’ c ’ u i t h s ’  t ’ l i s’ i s i e i r i t ’ c h ,

7
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11111101 e - t i o r t  s in d~ ’na nu t  h ’ i t iml gne ’t ic ’  p a t t e r n  gene ’ i ’tl tio ll have  i n v o l v e - I l  t in ’ cit ih  i m t  u e rs  it

u u i m r g n u t - i i ( ’ ~‘ i t ’ e - S p c l t t c  l in m ini a r r ay  and g r d ) utu ( I  f l a t  so as l i i  mu l l o s s  f l ux  le ’akmi ge’  i n t o  he
t h i i r u  f i l m .  The pi ’ i l i t a i ’ ~ pl ’e il i le ’rl i  sv ith thue ’ else ’ i t  ( ‘ore ’S e, ’ t ’ t i t e ’  l’s I l p e ed i  t h e’ I raI l  S t t - t ’  c t

i r u t o r ’m at io i u  in one core ’ t e l  m u ru o t h u e ’r  fo r  a s h i f t  u ’ e, - g i s t c ’ r  t y pe’ e l f  op c ’ i ’ m r t i d ) u u  i i i  t h e -  1 e : e ’ t e  ‘ii I
ge ’ d i t ’ u’ S l I  or. II  5( 1 cli sIt i f t  t ’e’gi she ’ rs a cc’ to tie ’  ope ’u ’ateel at t lu e ’ cuu m i x i  m~i ui - u Sw i t c h  in g  r ’sl I c  -

c i  f the’ c o r e ’s , th e ’iu the mu r u i mur u t  of d r ive  e’ i reu it cv ti e ’e ’ d c ’c I fo r’ t h e  t r m u u u sfe i’ t en d  Is tue un —

Cu ’ e ’ m c s t ’  Siiic ’( ’ o n ly  I cm i r ’t !al  sn - i t c ’hu i iu g  r e su l t s  si t  sss i t e ’ h i n g  u ’a lc ’ s  in  tin ’ m e l t - i ’  i t  I l l  M I h i
er  gl ’ t ’ a t e e ’  , , \ t  I o s v t ’ c ’  r a t e ’ s  all  n u a g n t ’ t i c  s h i f t  r e ’ g i s t t ’c  s t r u c l l u l ’ c - s mi re ’ i icc ~~si h i l e ’ , I n t l

s t i l l  e x h i b i t  p r o b l e m s  in u ’ c ’gm l rd to ~-u a eL iu u g  c l e ’u i s i l s  due’ t o t h e ’  s ize ’  m e t  t h i t ’  t u ue , u l t u j c i t -
mipe ’r t u  i’e ’ c i  cc’ St r i l e t u u ’ c ’5 required.

\Vh i l t ’  s i m i l a r  corn in e’ul t s app ly td ) t h e’ u t i l  i za t iou l  of th u in f i l n u u  te ’c ’ iuni qir es mi s  s~t m c  ‘ m i g e ’  n u u t - c h i m i ,

1~~( ’ d ’ I l i  u ’ c - s t i l t s  indie ’ate ’  thua t  svith mipp r d ’)p r i a t e lv  d e p o s i t e d  st l ’ ibu i i  l id ’ st ner c ’tu u ’e ’S t h e ’
s u m c  I t  i t  t h e  t h r i l l  f i l n u  n im u v h - ce sw i t cht e ’d w i t h  remi t  is _ C’ 1’, lo se’ c h r i s - c’ ( ‘In n ’u ’ e n t  s (e , g , tI c I he

orde r e e l  :ui u - u i i l l  ia ulu lue ’  re’s ou ’ less) . Th ie ’re ’ i s  sc-ut i le ’  i l u ( I i c ’ m i t i  ou u t h m t t  es’e ’n u Ioss e ’l ’ cli’  is c ’

c u u ’ u ’c - I i l S  mmiv  I c e ’  p ossible ’ . ‘I ’ht is w i l l  a l low c e i u i s i c l e i ’ a t i o n  oh ’ hivh i ’ ic l s e d i c h  s t a r t ’  t l ’ S i n l s l c ’ l ’

s t  ru ct t r  I .e’s nt ouiute ’t l  ci i  i’ect l\ e)iu tIn ,’ th ill f i l uuu  m c i i i  orv , The cc ’ t o r e  - c’c c u t  s ick ’  c m i i , u e c u t

fu r th e ’r  e’f for t  is h c e ’ i I l g  gis’ c ’n to t h is aju proae h u .

T hu c ’ i l le ) i’S t i u t t  r u e d  iat e ’ solut  ic ) t i  . h ios ve ’vc C’ . mup pe ’m i u’s I 0 ice ’ t h e’ c ut i l  iza t ion of sh i f t  u tu
t e chni que’s irus’olv ing the u l l o ven l c ’lu t  cii do n i u a in  sval Is w i t h i n  t h e ’  t h i u t  I i  liii lu t e - c l t Utu  i t  ~e ’ l
Fo I’ Eli is rca souu I he’ nuajc - c r p o r t i o n  c-cf the’ effe-c i~l to c hate’ ha S (‘en t(’ re’ch upo~i ru t m i g f l t ’ l  I C ’

dotu u a i i i  s h i f t  r e s e l l  r e ’g i s t e - r s .  Th is e nu u i uh ua s i s  is  w a  e ’rm r t i t l ’ dI  )e ( ’miu Sc of I n c i t l i  t l ie’ h~ i’ &l s  c i t  —

ol) e’ra t i d ) tl d l i  t h e  u’ e ’g i ‘it t i ’  and t h e’ pack i n g I he nu s i t  ies mcmi i r u i n  i ’u u -u a t I mu cml Ic ’s ol dl  m d i  I t m u ic - 
-

Spat ia l  l ig h t nucud t r l a t o r s  e u t i l  i z i n g  t h is m u pp n’ m c m l c h  mi r ’e’ c l i s e n u s s c ’ c I  it i  t h e ’  fe h l c i w i n g  S e c t  i e i u i  -
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APPENDIX B 
-

MAGNETIC DOMAIN WALL SHIFT REG I STER (MDWSR)
SPATIAL LIGHT MODULATORS



~~~~~~~~~~~~ ‘•““ ~~~~ ~~~~~~~~

.- \ P P F  N l ) I N  H
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corre lato r . For example , Ce )n sielc r the’ signal e e l e t s e i u u e ’ d  in t lue I - ’ou r i er  transform
plane from stuch a modula tccr  with a pac ’kirug che ’n s i tv of 2~ l d i t s  ocr inch as ilhustraU’d
in Figure B— ? . 1-fere elimination of’ the DC term will  a~d in the i’ernm’al of error
terms in processing structu res involving, tor examp le , c c ir i ’eba t ion .
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