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P~hA:.: p. *1;,\1n - ~ BY 11,"F OF

13AI:G* I! PC7 vi:1- 1! EQU II 1 1T

S2J Chiu..n 1riivei' I by Phys,-ics Dept.

Ctio I. -ynChf ni Zhicn -poi .hn Yon-i-* 5. Z hou K'un

Rcs-irw hiti o 1 the ti of' 1,w Pfl( arnourit.s of' high density,

intcrii1.rd1I I 1 : v. !11, ln seyi in!ornAltIon is , at present,

a 1c~fv v 1'_ !c -u (,, 1;:v4 1, ~torn. ThIs res ear-ch is

ifl. ~ 'I, CflHj i.h ::.cvloi-ji '.a1.jo f s-,.oviaf-o arid

relre ~ ~ ~ ~ !!I, i (1:0~:w lPndda in v;ir-lous diseiplines,

andI tl!(: .,j. ''p ~T d(-iee or intei'ezt. and res-

pc t, C- kV: It Ty prople emrn1 cy a Poi'ier integ-

1 n1a 1'., h~ row. thr, :1(inrit4a-,sg' Miotod bel ow:

(1 I'o *I, mid tetiev~rii of large_, amount~s

of hi,. .1- 1:1V (I S c r ncd* thi s i ypr of' st.crrv-,e

c x ),il, 1 : 'or iv !I, -t: 1 char Vetri1II-cr: h.1g h
1jp* 1 c I c iv c r 1c i I Cy , hig 1 j- gna -,1:1 1 IC s tatI I c

T': t I(), I:h ;M6 tw P a, 1 ( W ~ d 1)I i jh ness I L'11 by.

CI t> o i('v:il ec .1p,wrl is s~mlnr; slIcwmhO and

rel *' 1 s : .j( ~ I nti ii w! t.1 I i o'ld i nfor'nia-

ml i F, o wo & : cS 11P0::1' li h Is

,A ]~jV W'tS IIJ 11"0' tl ln f I 1O1'copt ileC 1Influ-

1 ~ ~ ~ ~ ~ ~ dl' .IU: s u sd , M c.

V~ ~~~i i o i s a hip; i Ili ty l'or I'-pOPI t ed re -

I I)'~ ~ Pl I 1'() 1l~ PV L0 I( ahfe Iiin

'Y fo.I:rntl !w 111n

re':wiCwutccs



The advnntaes- above cannot be comrpnred to mcrostorage.

In constructinr. Fouricr integrated -infornrt ion diagrams,

the foIl owing metIhod 1s used. On a Fourier frequency spectrum,

dil"feren objects n,-u'mally 1ii.% c-ut different information waves

and prosent different, froqur nc.7 -m,(ct ru d JLoin: .f; they

normally also rive out. a set or prlodic frequency spectrum

distributions - tha, is to say, on an integrated ]nf'ormation

dla,-ram , areas where liaht. is conc-eni.rted form sharp, bright

lines. By the same token, areas where light is very weak appear

dark. This makes the light and dark areas unable to be used

within tle linear areas in which the emulsifier works. Bright

lines cause the emulsifier to i'each sat uration, and, conversely,

the dark areas are unable to erfectively make use of the emulsi-

fier. This causes the durability, refractive efficiency and

fidelity (grey tone level) of the information wich is recorded

to drop greatlr. initially (1) disprsed focus;ing was used to

correct t.e problems discussed above, the surface being recorded

was taken a section at a time and an accurate Fourier conversion

was made on the corresponding area of the integrated information

diagram being used for, the recording - that is to say, a process

of discrete focus.ing was used. At the present time, the fre-

auency spectrum strergth whi ch causes r.ecording to take place on

th,; surface of the Integratcd information diagram has become

relatively even. HIowever, the fact that the distance between

discrete 1'ocu,_ings iust be To'.osen on the basis of the di fferent

in foimat ion s gnn.is rece ved from different kinds of materials,
Sand th t 1 iii d'stnce mu b-t b arrived al; experimentally., creates

- pVo , n,. I i- 'he pmr;'. 1 cal ;ipp ication of thi s type of techni-

(. ,i . I n: I y, vh the ;,rea of the Integrated information

d.i:n!i'm ]"n i ,-,ro.'.I,~ the u:,' or diS:Q('t,.e focusing causes the

lur;.,bi ol V " toe i :>. .e ,, dcrame.

cin ,'.di.' to ov, c'i, ti,)i.;, t 'd p , l :..1 (h icu scd above, we
, ,1o,V'd :, :.;u,,,I ; 'h' ' :-i;t" i I'l 1.,.hotl~ i !...,11 a bafnd- samplinf- net o eS

i! tc ial



ot vuc turt? in order t(-. ac-com:pi :;h the "'torage of- la rkc. amounts

of h1111h aens-If ty ino:±iu (2 ) rho Si ze Of' the stor';7e area

was set by thu, liits imp u.ed by difrcton ithin this area,

the energ-y from the F ourier transformati on of frequency spectra

for \'anious typnes,. oi' inform~ation can achieve an even distribution.

Because of this, it, is pos,.;ibic to u.sec thern w.ithin the special

curvilinear erusifler arcas in the linear functionin- areas of

the eviulsI1" lirs. Peca use tf :his, It, 1:5 possi ]Je to utilize

the entire emulsifier area and r'each or exceed the reouiremnents

for hirgh dunsity, high diffraction efficiency, high resolution

capability and highi light level fidelity. Duranrg the use of

random pha3se shift equipment, we used methods of manufacture

which wore easy and cheap, and we achieved results in the stor-

age and retrieval of varioous types of information by thre use of

random phase shift g-ear. Ile also offer for consideration a use-

ful method for the simultaneous storage and retnieva). of digital

and analog, infor.mat-lon through integrated information storage.

TWO

The idght path involved in the use of random phase shift

ge~ar in integ-rated information is shown in the diagram in Fig. 1.

This method utilizes a lens close to the surface of the piece

of information to be recorded, and, by the use of this lens

arr'angfrient, a Fourier tronsformati on integrated information

4 diaram is wrade. Light waves from the random phase shift equip-

mont use(d in conj-,nction with the band samplinr grid net 2

which is -in close oontact with the information surface to be

recorded pa.,s throug7h a F'ourier tran sformation lens. Af ter

this, they are divided up by grrid-structured, random phase

shift eciui.pmcnt intoc many i-nes of informationa2 light units

hased en tue rrn 'pli, se Thift detoected in each unit. After

thi s, a To uier tvr'uns l'na tjion sun face (integ rated i nforwatI on

rsun Pace) can1 be foi';irCd by putting, al.l these bands of' 11 ght units

toigother.



On a FouIor tran:-form vur ,(eu, the reoc 1llatlon range

of 11ht A (F,), can be deser'ibcd n..ing the equation below [2]:

\II -- 1 Ni I

In thi s eqlnaticn T1( r-1,,. .ji1 7: " I -, ,.r , La
I0, (ni,., cy e t,,Ioons)

x is the coordinate vector of" the information surface; [T

is the coordirnte vectoi, of the integrated information diagram

surface (that ;*s, the Fourier surface); a is the coordinate

vector for the center of the m and nth grid units selected.

1 s the sidc.-ian:t8 of the sc.1 cted jr.d square; n is the
imn in

random unit phase value of the m and nth grid units. 1.1 and N

are the horizoiitnA and vertical coordinate numbers taken from

the sampling grid; f is the focal length of the lens; X is the

wavelenf':th of the light; Cr is a un'itizing factor. H on(Emn)

is the difference between unitized brightness and the grey ton,

levels and usc,, Ill, 11 2 - ji to represent K of them, then, it is

possiJble t.c raise thom to an undesignated integrnl. Because of

this, he cq nt..Ionl above can be rewritten as:

NTM N 27 X'~
SA(C): Cr 2 II, >; > "' -x- a-,, )c p(,',,)c' -i .... (2)

k - till- 1 1 1

STi, .(, ,strent:l h I evel or, the l"ourier t anf 2 orma tion ;urface

- 11 ](,) , ai: bhc prod tie t of A ( .. and its own c o plox conjiuget.e

- 'I
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Foui-I~i- fr-equt'ncy sp(,ett-r di ~stv ii b~un for an ot)joct on the

gri d nct, but owhl ch La-.; notl pa-z ed throur h ts.he phasi.e shi ft

g -ai Pi.,: n or~ti~rn ol' the fi-uc re sent S a di, St r-J butiClfl with

clear poidodic otructuir. l e; 2 (b ) show;s the even distri-

butlolla o t' tj he Fourlei 1' f sea aeney s'.(-A erm Poi- the same object

one e it has, pa osod throughJ the phase shi ft equ p:ent. From

th-I s econd d 3 lus--tietion, it cann be clearly seen that the sharp

perJ fod-ic nashave(ireaed

THREE

Ulsing- tho 11gh t path diagriam in Fig. 1, it A~s possible to

folrm thie hig h density Vourier intec-rated Information diagram

for02' ginomain In tests, the unit area for the ran-

dom phase shi ft equipment was a sm-,all squarie hole 32pi cn a

sidu . The distance fr-om unit to unit was )40~p, anid the units

were aTrrangedJ -Li a -,,,.trix format. Fig. 3 shows a diagram of'

the r.andom pas shi ft surface. The differences between the

phase positilon values of each of the various units were 0 and

7r+ 0; the ran-om distribution values for the various units

(phase) can be ealculated by the use of comiputers if one uses

the M,*onte -Carlo me thoed

I-.

Ba f~i !:iE~ar Chift t 17u1000ni Sui'face Din grain.

The ~~'1v111(' 1,)"or ech unilt is obtiined ei ther throug(h

a Ic~aiiru( i "pluyintg a )otgapl (01)15lliel' anld calcium

6



hpoc( Licn ri to (,I - t (I1 I L.' ciU r. I ind of pilotoe c0thing

t (2C. ho 1- a ue 011,' 1 I"Od ();' 1 , eX !I< V! ('t 11 t P01 t h 0 dI ifTL'renve

li ta'rithe 0i)Li ca l l3 >n'sof tlt!At unit L~fld rioti-

wh~i teled unui t. S o t1 ht, i t 1s and on(, cm ancreat to .he requ-1 ved

phase. eNju I puaet;t As 1a'as, tho_ ei! u' 1fi Li, and cl lc 1 tim hyoo-

Chlorito aire concerne1d , i : i bes-t to try to lrcen the level of

1i g-ht th '11. rcn'~ t 0:t; t o timcO I0 ,, n b-,rb.ed b)y I !io'.i a,

When one- i s usinr- thc samp iln ' net -Ind the rand nr phas e

shift.! equiieuaent, it, 1 poss ible to arranfgo them on thest:e

of' a mitcT'Oscnno. or -) ti-ti hiV~~lhflLhite in such a vway

that- the(.y ; rrs od d ovc-rian their, fiolds. Or, when employ-

i n,,- photoetes.ilno- t .- chi n es , it, 1is possibl1e t~o plate on to the

top of' the 1a noo;2 pas shi f't- c:(ar a Inye r of metal] 11i c alumi -

numn whicoh f o--,s a clid noCt a1nd v.hl oh corresponds to the top of

tha-t e!uUen nd lo'e i.. In this Wyit. is possible to

combirno the ruo.haeshift eriulpis.ert -and the~ fri netTcrk

into one unit.

When en1oyinc- V lasersl as a liA gt source,* the power

involved i s~ An ' roiatolig(ht str-ength ratio Os selec-

ted , and ni el: no,-r Luc o' 5" 1 is use .n The irna ro is deve 1-

opel usin7 Pi-] 9 devel1 e'wr andl a deve I pirni. time of approximla-

1.1 2 tl1 :i Yn 't n 1 ts iis(1 v,7ere Type T p] teso

Chinese ~ ~ V.ii "Inu:eur( /t: s the probi ci of' whit eninC, goes,

brmirr~vanesr can ben u.;o to cci1'y o)ut phointerference

i0'vO~ typo; (()I' j',sor~ aiia lee-- information opecime"ns.

(a)Is sp:~c *;'n f' prin toed te xt. in

C~~~( hT, s ~i. i '11 (11 f*O 1.,r I'c -ypo of infori'.1a-

ti wi %als' siuitpten ctir-lly), and (c is a por-
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vet. ~ ~ ~ e ''' o1e"S. .fo I .:: I01:505105 the

114. '1-'U2 t.1 11 the I d ,I ;'o:1 v(i clIeir , .11d Ci ct -

Lin r: 102: 1. 01 (, i h 0 1 of f I c Iell,-, Veil C-11 The
I, a : o u , ,v :a ;Ajnl 1, i o v (,I .Iz kC I~ot , ro "f -I; w s

I 121 I 0 'ail I voo I~ C.o 10 ut i r I c )t

0a re! in 1"I *' \, 031 L h ine lin(''s con

appc 1 o 0 n 1i rc( )I lrod~'~u . (' by an orderl'y arran-e-

mont W'shde of,~''y

;in L1 bes o sltore differen11 t ypec' of'

bet v.-r 1:clI n: )n Ltac e. Lind the 1rr ,or trarn orm )rc,-

CiS L;:L- (:- 1v C' --I I~ Ie ld ilhe drfcc(Usin r0 1 1) C C

Movio 1, by Ib d. IO O"'el d, o, sln 10 dA tail c vi, I af on

th- I :~ i o f'c ev:.tt x o it, is Possible to 0ake the f-

quone;' m: ~trla;:. cI tribot wtin of tho, d! llolo on the nt

rat ed.1 ofr>'i w:l qe w f: c nsi::: even brigh1-trcss dis -

trib! o al w:A11 hout 1' on arane11(,e of, sha'-rp peaks in t-he

I~ ~ ~ ~~T rciin --: t::o 'hi turii, dOcnesthat thie record-

A n,- +I 1s, t '115 111 the lineao, are-(as in1 ordl to

Lii f 2! 01 hi h qu li1 C' or ut Ii of' dif'ferent- tyvpfs of'

Stee :nin at.~ s. 1 lon',in ii tll trl. opera!t Aono . L'C'1

','I~.I<iti e00 t~' (Ut 1 bti throw '- cxpocimoni ait !on

:;p! d1l ei fic'n C, 1: d :I Ire s i'ao' d1 f, r ren1t j t11 ,- 2 1.i on s uI-

fo:; I u rn: ('1 : 1. , IIIo- t3 -1: .!v c~ i i t o be pa 1n s,1 -1 1- ro

andl x.TO ti n, . 'l 5)i11" pO5aite oj rnci ical. value of usint'.

a'lhai; to :ni 'it, I he as of, InIornmoti on sta-0
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Trui.O1 the cnemploymecnt of the rsiidom~ rpha:;w ;hift f;eqjuip-

titi t d ~ n odabove ,, we wchiru ved rul1st. 1 elIy f;' )od re s ults In

the dlew-sty af' the .1 rformat.i Ir "to:ud . On Ithe P"curiepSo f('

the si se of' the i nt. egja ted i.n fo nrma t on ci agam:a1so dei . yi f' s

theU (XtCit, Of' tile d1l ffract.i on stria fiIon p.attein which i.s pro-

ducec idAn uni ts of' informati on w.hen they patsih 'oi-Ig an ideal

opti cal ,systevl; thli sarea riu-t be kept, imuch -,i;i1r th.-n the

aIrca of in~ra~ nfnt:ln diag-ram::; used wi th do lousin-

Trictl)ods. In order to raise the density, of store d i nfor'Itioni

it s a soposibl toe::ply volume i otc,-rnted A nfor'm!ti on

toehuo og . In this w.ay, it is possilble to cheeden;-ities

of stord- I n for-iizl ion which are much gctr t hin thoso I-hich

can be acieved by the use of' any k1rid of non-Iitegrated

*infomnsi alr stoirge: equipmenlt.

As far as thc raadAom phase, slf'tI; gear hlch wec prodluced

for expetci i::0entzi t on 0oe,Ih t. ohncu and ''hd oPr i1ts

manufwcture wor'e relatively siriple. Weused this type of'

rqul p-ienl. to ha -ndle !iany types of' anl n inoi eat. Iion , rind w~e

have had achieved relAive]y goocd -.toragec r'esul ts. 11e

hope that ,o se;arch w-.ork to develop Jinteg-ra te6 in forma i( on stor'-

argo as we,1ll a thc we; I: of f-radual ly dove lopi1n,- prac tical.

integrrated informail: Ion tr'goequl pr:ent can be cQoPtinued !i

thfuturt.-

The a uthcr7: e:a'n the i r deep fgrati tm]do to) Comrades Sonig

Ywenj-1 "!e c a dMa J: n-gnvho fli ured out1 the tJorehas tic iur-.]

ci'Fei'the i and eni p ha n :3 h f eq ui.1; on I;, to Comrade hoen Jun -

a1IIrrid e P hens who p w-(v-1 Pd the re saintion test. rat tern fol.

u.,, Sf1I. 'to Comr11IAc'.n Ye- 1Ao-uL Y11-hi n , Phn:Chao(-Yi i11e and

!-, ih- of'.

'a. 'h f'
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