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ENERGY BEAM CONTROL. SIGNAL PROCESSING. AMPLIFICATION AND COMPUTER LOGIC 
USING INTERFERENCE • 

c 

PHBNOMBNA 

llBPBRBNCB DATA 

S Applicam heieby incorporates by reference Disclosme Document No. 343952, filed December 

10 

15 

6, 1993, for Holographic Photonic Tnnsistor, and Disclosure Document No. 352533, filed April 19, 

1994, for Photonic Amplifier. Boolean AND. Power Amplifier, Photonic Conttoller, Avalanche 

Amplifier. Filed in the U.S. Patem office. 

TECHNICAL FIELD 

The presem invemion relates to energy beam comrol of wave-type energy beams including 

eleccromagnetic waves, acoustical waves, and moving particles, optiCat complltelS, opdca1 sipal 

· processing, optical sipal amplification, and basic optical logic funCtions. 

BACKGR.OUND ART 

The •Optical Computing Method Usiq lilrerfereDce Fringe Componems Regions• (U.S. patent 

No. 5,093,802, Hait, 1992) provides amplificadon by using CODSttaCtive imerfereace to remove eoergy 

from an energy-supplying beam which iemains on, diverting it imo an output along with energy from a 

modulated input beam. As a result, the amount of energy that appem in the modulated portion of the 

20 output is greaaer than the amount of energy in the modulated input beam. 

The disadvamap of the prior method is that a portion of the energy supplying beam appem in 

the output all the time. ibis occurs because the prior art uses the most popular and well studied 

inrerference effects, such as Young's fringes, where energy appears at·the locarion of fringe component· 

sepamion, whenever any om of die input beams is on by illelf. See, U.S. Pat. 5,093,802, State 2 

2S of Figs. 1 and 2, and Col. 6, lines 7 - 45, especially lines 36 - 40. However, there exist other 

iDrerference phenomena which may be used to alleviate the prior art problems. 

·These specjal m.tenmce phenomeDa are produced whenever the pomeuy of.the apparatuS is · 

such that energy from a plurality of beams causes destructive imeifeience at the first locadon(s) where 

energy from the input beams appem when any one of the input beams is on by hself. Since the law of 

30 conservation of energy requites that the energy in the beams not be destroyed by the destructive 

· imerfmence, when an oat-of-phase beam is on, thC energy must appear somewhere else. Depending QJl 

the geometry of beam supeiposidoD, the energy will be teflected, or diverted to a posidon adjacent to 

the first location(s), or at some qle in between. The important iesalt is that energy from the plurality 

of beams is actually diverted away from the first locatiOD(s) where destrucdve iaierrerence occurs and 

35 on to a second location where CODSttUctive iDrerference occurs, oaaicle of the ma whem at least ~ 

input beam appem iii the absence of imerferenCe. 

In the m0st elementary eump• having only two input beams, two typeS of special 

imed"elence are manifest. With the first type, neither of the input beams comribute energy to the 

second location when either one is OD by itSelf. When both input beams are OD, iDtelference causes 
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energy from both beams to appear at the second locatlon. 
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Wub. the second type of special imerfeience, the fust input beam comn1Jutes no energy to the 

second location when it is on by itself. When the second input beam comes on, imcrference .causes 

energy from both input beams to appear at. the second location. However, energy from the second 

' · beam does appear at die second location when it is on by itself. 

Some·embodimems iDd applicatioos· of the present inveDdon is able to use either type of 

special imerfereDce. Theie are some dlings, however, that requile om· type or the other, but will not 

work for both typeS; e.g., the logical AND, discussed below; 

The individual beams, in either type of special imerference, actually produce images at the 

10 locations wbele interleience takes place, even if these imases are just simple spocs. These images then 

i.melfere wid1 each other. 

In complex images, om or Dime input beams are able to produce image component ma{s) that 

correspoad to the simple examples above. 1be inputs are subsets of a plunlity of input beams that form 

images •• When only om beam set is on, and as a iesult its image. is on, the energy pai;rem defines a set 

1' of "fust" locatious by the presence of energy. When at least two of the subsOls are on, imerfenmce 

OCCUIS between the two images,. aild energy from both images is zemoved from die first locations by 

destmctive ime1'femlce •. That emqy dim appears at the second locadon(s) ~ of consuuccive 

imerfenmce. The second locations lie outside of die aiea when die first locations are. 

Holograms, especially but noc exclusively compmer-geneiated hologiams,. like other pictures, 

20 are made up of individual pixels. F~·each piXel comes a 8rouP of iays that evemually combine to 

produce the wave-front ieconsaucted holoSDPbic image. As a result, each spot on die image is 

produced by a p0up of nys from the holognm. The nys constitute a set of beam$. When a whole set 

of beams are modulated in concert, die image it produces, and die complex iDrerfemlce that occms 

between it·~ other images is also modulated. h:ttelfaeDce between such.images,· made by subsets of 

2' all input beams, are also able to be used to produce die special iJttelference plleoomeDa used by the 

presem: invention. 

'lbe important diffaeDce between these special ime1ference phenomeila and Young's fringes 

used in the prior an is that energy from at 1east ODe of the input beam· sets, wllich appem at the second 

locatiOD(s), appears wllile illlerfmace is occardng, and does llOt appear at that locadon(s) in die 

30 abm of intedeieace. On die other band, the input beams uSed in Yoag's fringes do appear at 

· that· second location(s) in die abseDce of ime1ference,. wben any of those .beams are on.by themselves. 

These special phenomena are aoalog in natme, in that die amount of energy that appem at the 

second location(s) is pmpoitional to die amount of energy in the two input beams or images. The 

energy appearing at die second locatiOD(S) bas been diverted from the first locadon(s). 

35 If OJle input is held constant, .and a second ·input(S) is .incmsed, . the llllOlllJt of energy 

comributed to die second locadOD(s) from the first input(s) .~ a liDlk wbae the addiciou of more 

energy in the second input(s) is UDlb1e to cause more eneru. from the fint inpat{s) to appear at the 

second locatkm(s). 

The phenomena may be utilized in disilll energy cilcuits dmJuP. die use of discme levels for 
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modu•adns the input ~::10establishdiSCiete111tes ofthe ~~ hnages, having disaete 

amoums of energy in their componem pans~ 

The presem invendon uses dlese herecofoie.mmse phemmeDa to produce a basic means and 

method of energy beam conaol dm bas dhect application in opcical compadng, photoDic sipal 

S processing, acoustic imaging, and moving palticle i~. 

An additional diffeleace between die presem invemion and nearly all of the prior an is that the 

present invemion opemes at the fall speed of wbaaever energy form is being used. For eumple, if 

light is the energy form used, the present invemion operates completely at the speed of light,· as does 

the invemiOn disclosed in U.S. Patent S,093,802. Any imroduction of elecaooic, mechanical, or 

10 acoUsto-mec1wrical componem.only serves to limit processing speed to that of the slowest component. 

U.S. parent S,239,173, by Yq, is an excellent example of an attempt to amaJgamare light 

with slow components, while also using Youns's frillges. Yag states, in col. 2 lines 17 and 18, •A 

mechanical or e1ectro-optica1 shutter is provided at each slit so as to turn· the light ON and OFF." and 

restates this in bis claim l, col. 5 line 23. OpciCal sensors or derectors 11e also used as noted at col. 3, 

15 lines 58 &: 58, and col. 5 lines 61 &: 62. These also limit the speed of operation to that of the slow 

electtonic · senson. 

Electrons 11e simply too slow. PliOtoDs 11e inUCh faster, and dm is why.the piesem invention 

should be pncticed without udHzins any compomns that require cbaDges in the energy type used, 

although the presem invemion is able to use om embodiment for acoustical waves for derectiDg or 

20 generating acoustical images, While another embodiment is able to use light for processing those images 

after they have been converred to optical signals. 

Yailg also uses Young's frinses. 1bis is evident by•the description of bis filst three figures at 

col. 2 line 58 to col. 3 line 58 which describes double slit diffraction, a common term of an for 

Young-type intelfeim:e friilges. 1be fact that bis AND device iequiles •two detectoIS working 

2S cooperadvely" (col: 3 lines S4 to 57) shows this to be die case. The "DUil• as well as the •consuucdve 

imeJ:feience" at two diff'emlt positions must be sensed in-order to detect a state where both input beams 

11e on so that bis AND is actually the iesull Of ANDins two sensor owputs, and is not a direct result 

of using imeJ:fme.oce akme. 

· As a result of dlese inherent piob1ems of the prior art, the whole conceptual process of the 

30 present invention is gemcl to the. ilaraction of componems without requjring conversion from one 

energy form to another, and to the use of special" imeJ:ference, which is able to produce effects that 

Young's· fringes do not. 

3S 
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DISCLOSURE OF TBB INVBN'110N 

The present invention is a basic meam and method for ~one set of beams of energy 
with another set of beams by using the above-described special iDrerfereDCe pheaome:Qa. Outputs are 
positioned at locations where the bmference ·images interact to produce energy compoDeDIS in 

S accordaDce with the interference· states. 

Because the use of special imerfeleDce is complete1y new to the field, it. necessitares the 

disclosme of a large ·number of componems and compomnt imelcoDnecrions ~ aie used in new ways, 
requiring new organiationaland imenxmnectiODal metbods for 1CC9JDPlisbing &m;Har tasks. As a 
ICSUlt, this basic means and method is able to anmnplish a 'Y8riety of energy comrol and signal 

10 processing tasks, including active filrerlJ:ag, gated limiting amplifying, multiple bit binary information 

stonge, energy beam oscillation, computer logic, and. signal processing, as well a8 a multitude of other 

tasks and functions, which wiU become more apparem from.a tUll ~ of this specification. 
1. Definition.of some terms 

Certain terms are hmein defined in order to make the disclosure more clear. 

15 •Energy. II ThC special imerfaence phenomena used by the Piesem invention Ire able to be 

produced with any type of energy that exlll"bics a wave naaue including, but not limited to, sound, 

moving particles, electtons, light, X-rays, ~. or .other elecuomapelic energy. While the 

piesem invention will operate. using any wave-type energy, the *9crlPtion is ~ hmein in optical 

terms for clarity and CODSisteDcy of tbe description. The ~.used to implemem _tbe invention 
20 include any energy-dilecdng elemem{s) or opdcal elemem(s), iDcJuding holograms, that are compatible 

with the type of energy in use. 

·Beams·and beam sets.• Because images as.well as individual beams are able to be used in the 

present invemion, tbe cerm "beam set• includes beaJiJs that have been projected to produce complex 

images. In fact, a simple spot produced by a single beam is just a sUbset of tbe possible images that are . . . ·. 

2S able to be produced by a beam (or set of beams,) depending upon the optics used. As a result, a 
"beam" or "beam set" that is.on or off, or modulated with anaios informadon, is CODSideled to.include 

the produc1ion of both simple spotS and complex images, wheiein die emhe image or spot is modulated 
in unison wirh tbe same information. As a result, images are the same as beams and beam sets having 

multiple similar acting locations. The filst beam set genenlly ~ to a power or CODStaDt beam which 
30 is nonnally held on, while tbe second beam set generally iefen t4) a comiol and/or modulation beam. 

Other beams and/or beam secs are as defiDed below ~ this specificaclon, claims and/or absuact. 

•lme!feleDce." The piesent invemion uses multiple beam imerfereJlce of wave-type energy. As 

a result, the terms "imerfemlce" and •special imerf«ence", unless otherwise stated, refer ·to multiple 

beam imerfelence, and not to the projection of the type of images defined, as 9beam sets• above. A 

3S complex· example of tbat would be holographic images that·· actually pmduced by imerfeieace as 

individual images, but • images, in tum. "interfere" with each other when multiple images are 
presem. In this case, the type of "interfmeDce• referred to would be between two or more holographic 

images. 

".Diversion, divert, and diverted" are used heleiD to describe the pheDOmeDon that occms when 

f 
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destrucdve imerl'erence i$:~. Nonnally, energy from a t;eain set that is on by itself contributes.to 

the total amoum.of enersy at a first location(s), but does not c:omribute to the amount of energy 

appearing at a second locacion(s) at that time. When an out-of-phase beam is superimposed upon the 

first one, destructive imerfereDce occms, causing enersY from both beams to appear at the second 

S locadon(s). As a result. the energy is said to be •divertec1• away from the first locadon(s) and to the 

second locadon(s) by the process of iDrelfelence. 

Some sciemisrs have a diffmem viewpojm of how inte.rfetenee wom; however, the concept of 

diversion is very usetul fur explainiDg rhe steps and componems of the present invendon, even if more 

complex processes ue phYsicaJ1y involved. The imponam point is that enersY from a certain beam 

10 appears at a location only when iDrmfelm:e is occmiDg and does not appear tbeie in the absence of the 

second interfering beam. 

Input and OUqJ1ll ·~1s· refer to energy levels rather dlan amplitudes per se, even though it 

may be obvious from the comext that amplitude behavior is important; after all, it does form the basis 

fur UDderstandiDg imedeieDce effects. However, beams - even tiny beams - do have ~ cross-sectional 

15 ma, which briDp the concept of energy levels intO the picture. Amplitudes and imensides may change 

depending upon the apparatUS used. A given amount of energy is able to be focused omo a small ma to 

increase the amplitude and the imellsity, or be sple8d out omo a larger ma, iecluci.Dg. the amplitude and 

imellsity, while the total amomtt of energy iemains the same. However, while addins energy to the 

modulated portion of an inforinarlon-cmying beam produces amplificadon, reducing that energy is 

20 attenuation. The actual amplitude and ma coveml is able to be adjusted as needed by the proper 

selection• of the opdcs used. 

•Phase, invened and uninvened. • The energy beams and beam sers function as carrier waves 

for the ope.radon ·of the piesem invemion. As a result, some-confusion can arise over the use of the 

tenn •phase,• since it could nfe1' ro the phase of the carrier wave irself, or of any moduJaced waveform 

2S envelope impressed. upon the carrier wave. In this.disclosure, the term •phase• always refers to the 

carrier wave phase dJat is able to decermiDe if conscrucdve or deslrucdve imerl'erm:e .will occur at a 

location when it is superimposed upon aaotber carrier wave. Such terms as •inverted• and •uninverted• 

refer to the modulated waveform envelope, ind DDt to die carrier wave phase. When an amplimde­

modulated carrier wave is said to be •inverted,• it is tamed off during the time the •umnvenec1• carrier 

30 wave is tamed on, as is the case with its analog equivalent. 

•ct• is consauctive imelfelence • 

• di. is desttactive illlafereace. 

•commner• is die basic UDit of the present invemion as explained in seC1ioDs 2 and 3 below. 

2. The basic means and method Using the first type of special imerfereDce. 

35 The present invemion is a basic means and mctbod of conttoDing a plmality of energy beam 

seas with at least om set of the plurality of energy beam sets, using this baetofole-1llmS special 

imetfeteilCe, comprising the steps of: 

a. producing a plurality of input beam sets iDc1vdiDg ·a first beam set having at least one first 

input beam of energy, and a second beam set having at least om second input beam of energy 
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moduJated with commlliDg ~ wherein the fuSt and second beams sets are diiected to 

at least one fitst location; 

b. producing herfeience with that plurality of input beam sets at the at least one fitst location, 

diverting eneqy propottioml to die second beam set from·~. plurality of input beam sers to at 

5 least one second loca1ion; wbereby. energy from the plurality of input beam sets is absent from 

dW at least one second locadon when. either or both of the firsa and second· beam sets are off 

and when the fitst beam set is in phase with said second beam set, . 

(this is the fust type of special imel:fmence where mne of the input beams CODttibutes enersy 

to the second location(s) in the absence of the otbm) 

10 and 

c. separating energy from the at least one second location to provide at least one output. 

thereby pmduciJJg an eneqy beam comroller ofthe first type. 

In each cise, all of the rays in a beam set operate in CQDCert with each other to produce images 

at the locatiQD(s) where the various image componeDIS are separated, directing ~ into the ompms. 

15 When at least two beam sets are on (aDd out of phase with each other), the images iatelme to produce 

a composite image having an energy disttibuti.on which is mtterem from die images produced by die 

individual beam sets. Sepmation is then able to take place becaUse the spacial locations of the 

dismDared energy either CODfonn to oaiput posicions (producing an "on" or "high" condition having a 

level proportioml to the ieladve levels and phases of the input beam sets), or they do not, producing an 

20 •off" or "low• or leduced ompm condilion). 

"Sepmdon, • in either case, is able to be accomplished by the suate@ic positioning of any 

element (optical or otherwise, depeDdiDg upon the mqy fotm used). that permits energy from ooe 

location to exit into an omput while bloddllg energy from another location from getting into the output. 

This sepamor is able to be u simple u a mask with a hole in it (as illusUated), as complex as a 

25 hologram that diJects· energy from one set Of locations in a diffemJt lll8llDe1' thaa it ~ when the 
enersy ~ from some ·other set of locations, or a device such u a suaregically placed end Of an 

optical fiber. The imponam point is that die enersy.· is separatecl by die appamus so dlat it appem. or· 

does not appear, in a certain ompm acc:ordiq to the teachiiap of the presem ~ 

The pmem illvemion is also able ·to use more thaa tWo beam·sets as iDPuts. The complex 

30 combination of the group will detenDiDe the ompm. To pmduce an ompat, any two of die inputs must 

be on and out of phase with each otber. Beams that ue in pJaase will produce ~v.e rather than 

destructive ime.tferenc: at the first locatiOD(s). The ~ODS of two beams of different phases are 

also able to produce a combisd sisnal tbat is completely out of phase wi1h a third beam set and so on. 

As a iesult, many complex means, methods, and devices are able to be ~ from the present 

35 invelllion. 

The above list of_,. describes the use of tbe firsa type. of special illlerfelence whele neither 

of the inputs comributes energy to the omput when only one beam set is on. The-second list of step&, 

below. uses die second type of speciil. ~. whele at least one of the input beam sets does nOt 

contribute energy to the OUlput When OD by itself. 

c 
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3. The basic means and ~ using of the second type of spedalimelference. 

A means and medlod of CODtto1liDg one set of beams of energy with another set of beams of 

energy. comprising the followiDg stepS: 

a. Producing a filst beam set having at least <me first input beam of energy directed toward at 

S least one first locadon. Whether the •beam set• is only one little beam, or a whole group of 

rays that form an image, they are directed to whele iDterfeieDce is going to be produced at 

cercain times. 1be •at least one fint Iocadon• is able to be a simple point, or an image made 

up of many locations that will function in UDison. This beam set is the one that does not show 

up at a second location in the absence of intelf"1ellee; 

10 b. Producing a second beam set having at least one second input beam of energy·modufated with 

comrolling intbrmation. 1bis is the beam set that does comribute some of its energy to the 

second location when the filst beam set is off, and is die primary difference between die 

second type of special inrelference and the first type explained above; 

c. Producing imerl'erellce between the first and the second beam sets at that at least one first 

15 locadon, when both the beam secs are on, diverdDg energy from bOdl the beam sets to at least 

one second location· in proponion to the second beam set, whe!eby energy from the first beam 

set is absent flOm the at least one second location when die second beam set is off or in phase 

with die first beam set and is pmem at die at least one second location when the second beam 

set is on and out of phase with the first beam set, 

20 (the ~ beam set is able to be amplitude- or phase-modulated. At the time 

when both beim secs have an equal level, the muimmn amoum of energy occms at the second 

location(s) because complete desttucdve immfereDce occms at the filst location(s). At input 

levels, and phases in between, the level at the second location(s) is proponioaal to the input 

beam sets, depeadiDg on the bandwidth of the implememati<m, expJaimd below.) 

2S and 

d. Separadng energy from the at least one second location to provide at least ooe output, 

dunby producilJI an energy beam commller of the second type. 

4. FC>DMew of mm:e complex embodimems. 

A suitable name for this basic ll'l1lllgemmtt, using either type of special m.teience, is a 

30 •comroJJer. • One could even refer to it as a type one commller or a type two commner. The common 

name is •phofonic transistor;• however, the word COllll'Oller is used helein. because tbe invemion is able 

to use DOD-photoJJic energy. 

This basic invemion is able ro·be ieproduced and httercomlected with itself and other devices · 

to ·produce a gieat variety of useful fimcdons. To accomplish tbis iDrercoDIJecrion, the piecise 

35 locations, phases, amm,, and Jeladonships to various component types are leQllired. 

To provide an UDdersraDdiDg of these nquiJemems, a limirecl immber of imercmmected 

processes are haein disclosed that use selected principles that are not obvious in die prior· art. Once 

ta1J8ht, rmse basic compoumrs "and inten:omlectiDs medlOds are able to be mmanged and 

~for producing an~ smter variety of functions. 



W0'6/1"'4 PCT/US95/16455 

8 

To begin with. an explanadon of some very basic procesies tbit explain the .operation of the 

basic invemion and the cliffmeDces tbit occur dependinB on which type of special imed~ is being 

employed is in mdei. Such items as the logical AND, amplifier. ptecl amplifier. limiter, phase 

demodulator, phase compuer, IClive filter. cascading one into anodler, and die use of feedback are 
5 defined. Each of these items nsults &om defining the input types id produce various kinds of ouqmtS. 

A furdler explanation of some of the mme complex componentS that use several of these 
principles to accomplish 1D01e complex casks, such as time division multiplemg and demultiplexing, 

and fiequency division demultiplexing, along with logic devices such as a biscable flip flop and a nmlti-
10 bit flip flop dw is able to StQ1e ftequency multiplexed bits, will then be UDdenaken. 

1be principle of input beam Annming· and how it affects an amplifier with and without 

feedback makes it possible· for the present invemion to act as· a dueshold detector. .Selection of input 

levels within certain ranges results in a variety of useful processes, including computer logic such as a 
set/reset bistable flip flop, a multiple input AND, and a multiple input OR.. 

15 Special timing and phase telatiODSbips are needed to clock a set/reset flip tlop. The process of 
energy beam diffmemiation is a new one. It is needed in order to satisfy the timing needs of a clocked 
flip tlop so tbit it is able to be used as a binary coumer. 

Using special· inte1ference opens the way to an emirely new field of invention. Some of the 

principles taught herein have no coumerpart in elecuonics or any other prior art. Otbels have a 

20 COUDtelpart, but must be used in UDique ways. Comequendy, these many irems have not been included 

just for the tUn of making a big application. Each of these many requilemeots for using die presem 
invention needs to be taught. And each One has been selected so as to teach a particular aspect of using 

the basic invemion. 

5. The logical AND. 

25 The primary diffelence between die two types of special imerference and Y~'s fringCs·is 
easily ~ by die logical AND. Using the fim type of special imed'eience, a two-input AND 

gate is able to be made, because when either of the two inpms is on by itself the ouapui remains off. 
(Note: •off" is able to be anything between.full •off9 and a low state in comparison.to an "on" or high 

. . 
state, because some implementations of the present_ invention may leak enersY• So even if such 

30 implememaaons are not perfect, they may still be useful.) Only when both .inputs are on does energy 

from both beams appear at the second location(s), whele the output of the AND is ~ from. 

Thus, in order to produce the logical AND using die present invemion with the first type of 

special imeifelence, the only additional step necessary is to moclulate the input beams with binary 

iDlormation, and the invemion will acoomplisb the AND fmlction. 

35 1be $CCOud type of imerfenmce will not work to produce a logical AND, because energy flQm. 
one of the beams does appear in the ompm in the absence of two-beam imerference, which of comse is 

contrary to the definition of a logical AND. 

Young's bltelference, as used in the prior an, also fails to provide die logical AND function. 
Young's imerfeience provides energy to the output when either or both· of the inputs ue on. In the 
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prior art, that is described as an OR. 

Them ·are other ways to produce a logical AND; one of the most imeiesting is with the use of 

a dlreshold detector. This will be discus.1ed below, as there are some fnncfamemal conceptS that need to 

be taught first. 

s The following seccioDs ex}>Jain how the present invention responds to changes in input levels. 

6. Basic amplifier and gated _amplifier. 

Amplificadon is able to be accomplished using either of the basic embodiments described in 
sections 2 and 3 above. 

Even though the first beam set (power ~) remaim on as a substamially CODStaDt energy 
10 level, the output will be off in the abseDce of the second beam set (the comro1 beam). Either type of 

special imerfelm:e is able to be used, because at least one of the inputs funclicms this way. 
When the second beani Set is modulated with analog or binary information, the ouqnu will be 

an amplified venion of the modulated input because energy from both of the input beam sets is diverted 

imo the output in proponion to the level o~ the second beam set and its phase ~P to the fust 
15 beam set. 

If the second beam set has a maximum level equal to that of the first beam set and is exactly 

180 degiees out of phase with the first beam set, and provided the optics are not sloppy, destructive 

imelference will occui' at the first locadon(s). In this case, all of the energy will be diverted into the 

areas of consttuctive iDterfereDce at the second location(s) which lie(s) outside of the.area where the 

20 first beam set appears in the abseDce of interfereDce. As a result, the energy level of the combined 
ouqnu is able to be up to twice the value of the second beam set when the levels of both beam sets are 

equal. If the second beam set is smaller than the first beam set, the output will contain a comributioo of 
energy from both beams in proportion to the level (and phase relationship) of the second beam set. 

The procedme used in making an amplifier is: 

2S a. Use the basic invention in utilizing either type of special inrelference, and 

b. Maintain the first beam set at a sutwantiaJJy constant above-zro level, 

tbeleby providing an amplifier by producing an amplitude modulated uninverted output having 

more energy than the second beam set bas. 

If the first type of special inrerfmence is used, the amplifier is able to be gated on and off by 

30 turning the first beam set on and off, theieby providing a gated amplifier by producing an amplitude 
modulated output bavhlg more energy than said second beam set bas, and pting the amplitude 

modulated output off and OD by switching the first beam set off and on .. 

The ieason the second type of intafetence will amplify but is unable to be gated off by 

·shutting off the first beam set is chat a residual output from the second beam set appears in the absence 
35 of the first beam set. 

7. Inverrer. 

Energy diverted into the output by imerfemx:e produces an "uuinverted" output. That is, 

when the comro1 beam is on, so is the uaiBverted output. That diverted energy is iemoved from the 
power beam and the comro1 beam so chat their conttibulion to the first location(s) is dinrinishcd, 
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DilecdDg the remaining energy from tbe first location(s) to a separate output produces an inverted 

waveform envelope. This inverted .oatput operateS diffemmia1 to the uPinverted output. 

If tbe modulated iDpu is mcxMated with binary informadon, and the inverted output used, 

then the logic element produced is a logical NOT using either type of special immfeleDce. When both 

S iDpu beam sets ue mocluJated with binary iDformalion, and the first ;type of special imelfem:c is used, 

the iesult is the EXCLUSIVE OR. These funclions ue the same as chose of the prior an; however, 

heie they iesu1t from using special imerfemlce rather than Young's iureif=.tu. 

8. The limiter. 

The present invemion is also able to function as a limiting amplifier using either type of special 

10 intedeleDce •. When the first beam set is held at a subsamtially consram level, it establishes a sacuration 

level (depending on the exact optics used). When the second beam set is below that saiuration level, 

the output will inciease, as described.above, producing an amplified oaaput.:However, as the level of 

the second beam set incleases, more and more of•· first beam set is diverted imo the output. 

Evemually, a ~on level is reached wlielein a fanher in=ase ·in the input level of the second beam 

15 set fails to diven more energy from the tint beam. set imo the output because thete is no more energy 

available in .the first beam set to be. diverted. 

When all of the energy from the first beam set bas been diverted imo the outpU1, .amplification 

bas reached its maximum value. Depending on the ·opcical arrangemem used, iDcreasiDg the second 

beam set even more may or may not hlclease the output level. Amplification is cuaailed, however, 

20 because tbe first beam set simply bas DO more power to contribute •. 

The procedme used in making the limiter is: 

Modulate tbe second beam set to a sufficiently high level so as to divert all energy available 

from the tint beam set into the amplitude modulated ou.tpUt. 

thereby providing a limiter by producing ID amplified output when ,the second beam set is 

2S below saturation level, and limiting amplificadoa of the amplitude mocluJated output when the second 

beam set exceeds the satmadon level. 

More information about 1imitm using the two diffmeDt typeS of special imerfeteDCe is covered 

in item 38 below, •Basic theory of operadon. • 

9. Time division mukip~. 

30 AmoDB the many processes and devices that ue.abJe.to be made wi.th gated ~lifim is a dme 

division multiplexer. The procedule used in building a time division multiplexer is: 

a. Provide a plurality of gated amplifien; 

b. Direct the outputS of the gated amplifim to at least CR third localioD; 

c. Direct energy from dlat dlird location to provide at least one CODllQOJl output; 

35 d. Modulate each of the second beam sets of the gated amplifien with information to be ti.me 

division multiplexed. and 

e. Sequemially pre the amplifim on by sequemially pulsing on the power beam sets of the 

· individQal amplifiers during each sequemial dme division, 

tbeleby providing a time division multiplexer by sequemially gating cfisital information from 
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each of the second beam sets of the plurality of gated amp1ifien imo a conmlQD omput. 

Thele are several ways of providing sequemia1 pulsed beam Sets. One simple way is to 

provide an initial pulse,· dilect a porlion of the pulse beam into scvenl delay paths, each having a 

different leqth. then direct each delay path to a separate gated amplifier. 

S 10. Time division demultiplexer. 

A time division demultiplexer is very similar to the time division multiplexer, except that the 

inputs are common and the outplltS are separate. The procedme used in building a time division 

demultiplexer is: 

a. Provide a plurality of gated· amplifien. 

10 b. Provide a multiplexed input beam modulated with time division multiplexed information. 

c. Direct a portion of tbat multiplexed input beam to the second beam set of each gated amplifier, 

and 

d. Sequemially gare each amplifier by sequeadally pulsing on the first beam set of each successive 

amplifier during each successive sequendal ·time division, 

15 dle1eby providing a time division demultiplexer by sequendally sarinl time division 

multiplexed informadon during each time division into a separate omput of each of a plurality of gated 

Time division muldplexing is an impomm way of dimcdD8 a variety of information somces 

into a common transmission system. One example is the multiplexing of telephone calls into a fiberoptic 

20 cable. The present invemion bas a uemendous speed and bandwidth advamage over existing technology. 

Using the present invemion for direct photon switching of fibemptic signals will increase the capacity 

of fiber trunk lines. 

Umil the slow electtoDic interfaces bave been replaced with faster photoDic ones of the piesent 

invemion, time division mukiplexing milizing the piesem invention will allow a large number of Slower 

25 electronic systemS to be multiplexed into a bi.sh bindwiddl optical link by moclulating each of the 

separate input lines of the multiplexer with a separate e1ectto-optical modulator, and each separate · 

omput of the demultiplexer with a photoDic bistable ammgemem and an e1ectro-opCical sensor. 

Essemially. tbe lllllltiplexer and demultiplexer are a parallekcHerlal cmverrer and a serlal-co­

parallel convener. 
30 The foDowing sections explain how the piesem invention lesponds tO dlaDges in phase and 

tiequency. 

11. Phase demoduiator. 
If the comml input of the abovHescribed amplifier is phase moclulated, an amplitude 

inodulated omput will nsult thereby providing a phase demodulator wherein the amplitude-modulated 

35 output is at a bi.sh level wbm the first and second beam sets are of opposite phase, at a low level when 

the first &;nd second beam sets are in phase, and pmportiODal to the phase of the secoDd beam set in 

between those two phase auemes. (See the •Basic theory of opemion• below. and the discusion of 

bandwiddL) 

Depending OD the .optics used, the output sipai provides a clean, ampJitudo..modulat signal 
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that is flee of any phase-modulated componem because construcdw mxfereace occurs at the second 

location(s), which is in phase widl the tint beam set. However, if the output location(s) are not located 

directly at the position where complete consttuctive mxfeleuce occurs, the amplitude-modUlaied output 

will contain some phase-modulated componem. 

5 12. Active filter. 

1be present invendon is able to be used as a phase and ftequency sensitive, precision active 

filter using the first type of special imedaeuce. If either of the input beams oontains energy that is not 

of the same ftequency and opposite phase of the other input, no uninverted output will occur. As a . 

result, the presem invention is able to be used to demultiplex frequency multiplexed signals, distinguish 

10 colon, and demodulate ftequency-modulared and phase-modulated signals. 

If more than one color (wavelength) is Slipplied- to both beam sets, a single. device will operate 

independemly and simultaneously at each wavelength. As a :iesult, the present invemion is able to be 

·used to switch, separate, and organize broad-baud sipals. 

By SUpplying muttiple-waveleDgth energy of a substamially constam (above-zero) level(s) as the 

15 first beam set of a gatecl amplifier, along with a multiple-wavelength second beam set; ID amplified 

signal that matches each wavelength that occurs simultaneously in both iDpws will appear at the output. 

By switching the individual waveleqths of the power beam set on and off, the filtering process is able 

to be gated for selectinr and demultiplexing the matchhig signals. 

A plurality of these active filtm are able to be used either in parallel, or in a tree. sttucture to 

·20 demultiplex ftequency multiplexed sipals of all kinds, iDc1udiDg those ~ in optical fiber 

ttansmission, microwave and even radio. 

The active filter uses the present, basic invenlion by adding these steps to the means and 

method: 

a. ·Providing the fust ·beam set with emqy at a CODStaDt ~bove-zero-level baviJig at least one 

25 wavelellgth, and often seven! wavelqdls; 

b. Switching waveJenatbs· of the first beam set off and on to pae filtering of those individual 

wavelengtbs off and on; 

c. Providing the second beam set with eaqy at multiple wave1eDgtbs to be filteled, and 

d. ProduciDg special imerfeleDce with a subset of the multiple wavelqtbs matching the first 

30 beam set wavelengdls and rejecting all other waveleJlstbs, 
thereby providing a means and method of gated active filteriug by producing an.output only at 

wavelengths that exist simultaneoasly in both input beam secs. 

. 13. Rmoving sipals using ID accive filter. 

It should be noted dw either type of special intelfeleuce is able ~ be used for filtering, but the 

35 . relationships between the input signals· am output signals in the second type of iDtelfereDce differ 

somewhat from those in the first type of imerfeleDce. 

Widl the second type of imeifelence, the filtered, 1UJinverted outpUt will comain a contribution 

from the second beam set ualess the second beam set is equal to and in phase widl the fust beam set's 

wavelengdls, in which case CODSUUClive imafa:ence will occur at the fust location{s) at thoSe 
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wave1qtbs teJDOYiDg that energy from die second location(s) mf the UDinvened omput. 

Adding an invened output; u with die inverter above, produces an omput which is diffmemia1 

to the UDinverted OU1pUt at every waveleDgth pnseat in the power beam, but is not diffenmtial at other 

wavelqtbs. 

S The pmcedme for pmducing a diffetemial active filcer, usiD8 eicber type of imerfe1mce, begins 

with an amplifier with an invened OalpUt and ronrimes with tbe following sreps: 

a. PmvhtiDg the first beam set with its substandally CODStaDt above-mo level energy having at 

least om wavelength; 

b. Providing the second beam set with multiple wavelengths to be filteiecl, and 

10 c. Producing interfelence with a subset of those muldple wavelen8dJs that match the at least one 

wavelength in the first beam set to divett energy of matching wavelengths away flOm the first 

location(s) and inlo the second locadon(s), 

thereby providing an invened active filter by producing an inverted omput deficient of 

wavelenstbs which exist simullamously in both input beam sets. 1bis inverted output is diffmemia1 to 

15 the 1lllinvened omput, just u with the invener above, only in this insa111r.e, inputs having a variety of 

wavelqtbs ue provided for the purpose of filtering, removing, and separating one wavelength flOm 

another while PieserYins any information pnseat in the waveleogth(s) being filteled. 

14. Fiequeucy demultiplexer. 

Fiequency multiplexing is easily perfoma1 by combining individually modulated sipals of 

20 differem ftequeDcies inlo a common beam path. Demultiplexing is more complex. The procedure used 

in building a frequency demultiplexer is: 

a. Provide a plurality of active filers; 

b. Provide a flequency multiplexed beam set having a plurality of modulated wavelengdls; 

c. Dilect a portion of the frequency multiplexed beam set into the second (control) beam set of 

2S each filter, and 

d. Provide the first beam set of each filrer with a diffelem frequeilcy of energy matchh11 each of 

the plmality of modulated wavekmgths, 

thereby providing a frequeilcy demultiplexer by producing a separate modulated output, flOm 

each filter, matching each diffemlt frequency~ 

30 The second type of special imerfe1'eDce is not used, because flequeucies not having a matching 

power beam will pass through inlo the omput. 

If ihe second beam sets of the acdve filteJS use the same input·.~ first locatiom, step c. above 

happens simnhanenusly ~ the energy is being dUecced to that first locarioD. Each frequency will 

produce a ci at a diffelem location, wbele the separate outpUtS me 1akeD. 

. 35 15. Phase comparison. 

When the first type of Special immfeleDce is used with two inputs of f:he same level, the ~ 

level will be propordonal to the phase diffeJeDCe between the two when multiple-wavelength sized 

locatioDs me ~ which pmd1ices aJi averaged, broadband device. ·If a narrow band device, having a 

small number of location sets, or even just one, is used, then the phase will have to be more piecise, 
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and the output will not be proponional tbrough the emire nnge of phases from 0 to 180. Precision 

engiD=ing is able to ll8llOW the phase bandwiddl to cover a smaller moge. 

(See the discussion in •Basic theory of opemion• below.) 

In either case. the process used in building a phase compaier is: 

5 a. Provide the first and second beam sets with energy having phases to be compared, and 

b. Use the special imeifereDce to produce an out:pUt that is at a high level when the first and 

second beam sets me of opposite phase; and at a lower level at other phase differences, 

thereby providing a phase comparer .. 

If both input phases me variable with respect to that used in other componems, additional 

10 stages will be needed to lock the combination phase produced from a single stage to that of the other 

stages. 

16. Single stage and double stage bistable flip flops. 

1be principle of feedback bas several important applieatiom in the present invention. For 

15 pmposes of building a flip flop, a portion of the uninverted output is mdilected, either directly or 

through an intennectiate process,. and fed back into the second beam set. Initially the output is off, and 

so is the feedback sipat 

When a set pulse also enters the second beam set, it is amplified in the owpm. A portion of 

that output is fed.back mo· the second beam set, which is again amplified, making ~ feedback signal 

·20 larger. etc. 'Ibis isiegenmdve feedback. 

1be peicemage of output which is fed back and the organintion of the optics determines how 

the process operateS. If the feedback signal is large, the amplifier will be driven quickly into satmation; 

if it is small, the amplifier will regenCrate to produce a pater output, but will not saturate. 

Pulsing off either the first beam set or the feedback signal will~ the bistable amngemem. 

is Either type of special iuredaence is able to be used because the energy needed to maintain the set state 

comes from the first beam set. Because the cmmo1 beam is off duriJll ieset. shuaiq off the power 

causes the outpUt to shut off, tumiDg off the feedback beam.also. 

In addition to irs normal biniry information storage funclion, this type of flip flop is able to be 

made very sensitive by providing a large feedback signal. 1bis sensitivity allows the flip flop to be set 

30 by even a single properly phased photon in the. second beam set bavjng a wave1eDgth which matches the 

first beam set's wavelength. As a result, it is vety color and level sensitive. 

M0reover, by powering it with multiple-wavelength energy, multiple bits me able to be 

frequency multiplexed using the same componems. The procedure used in buildiDa such a flip flop is: 

a. Use either type of conttoller; 

f 

35 b. Maimain the tint beam set at a substamially constant above-mo level with energy of multiple wavelengtbs; 

c. Pulse the second beam set on with eneqy haviDa at least one wave1eDgth which matches _at 

least one of those ·muldple waveleD8dls; 
d. Dilect a portion of the out:pUt into the second beam set as a. feedbact sipal to hold the output 

.on at each wavelength Pulsed on, and 
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d. PuJse either beam set off as a ieset. sipal to terminate die ompm. and tum off the feedback 

signal to hold the omput off for each Wavelengm puJsed off, 

thereby providing a multi-bit bistable function by holding the output on for each wavelength 

set by the set signal, and holding the output off for each wavelength ieset by the ieset signal. 

S One way of providing a flip flop that is not so sensitive to Changes is to use two inverters that 

drive each other the way static RAM cells me made in elecuonics. Such a flip flop was described in 

U.S. patent S,093,802. However, that invemion uses Young's type interfeJence. 

Because the present invemion also functions as a phase sensitive acdve filter, muldbit operation 

is also feasible, producing a clean, UDinvened, flequeDcy muldplexed output. 1be procedwe used in 

IO building such a phase-sensitive active filter is: 

a. Provide first and second inverte!S; 

b. Maintain the first beam set of both invertelS at a substamially consram above-mo level with 

energy of muldple wavelengths; 

c. Dilect the inverted output of the first inverter imo the second beam set of the second inverrer 

IS to hold the inverted output of the second inverter off at each of the muldple wavelengths 

piesem ·in the inverted output of the first inverter; 

d. Dilect the inverted output of the second inverter into the second beam set of the first inverter 

to hold the inverted OUlpllt of die first inverter off 11 each of die muldple wavelenstbs present 

in die inverted output of the second inverter; 

20 · e. Provide a set signal by poising on the second beam set of the &st inverter with energy having 

at least one wavelength which matches at least one of the multiple wavelengtbs, and 

f. Provide a ieset signal by pulsing on the second beam set of the second inverter with enersy 

having at least one wavelength which matches at least one of those muldple wavelengths, 

theleby providing a multi-bit setheset bistable function by holding tbe UlliDverted output of the 

25 first inverter on for each wavelength set by the set signal, and holding the uniDvened output of the first 

inverter off for each said wavelength met by the n:set sipal. 

Because the two iDvenm baJaDce against each orber, the set and reset pulses have to be large 

enough to overcome the balaace to drive the Bip flop into the new srare. Pulses that me coo small to 

cause a state change will ·not affect the state. AS a result, this amngemem is less ~iive to incoming 

30 noise. 

Another way to ieduce die sensitivity is by using tlueshold detection. 

·17. Thtesh01d detector. 

Thleshold detection is able to be accomplished usiDg the piesem iuvemion so that a scbmitt 

trigger, a neuro cilcuit detector, a fuzzy logic elemem, an AND, an OR. and a less sensitive set/ieset 

35 flip tlop aie able to be produced by simply supplyins the Deeded number of inputs and adjusdng the 

threshold level so chat the process responds as needed. 

The prior optical att has no COUDtelpl1't using Young's inteJ:felm:e, and so the method of 

imen:cmnecdng the various signals and the needed ieJadoosbips between diem me heiein disclosed. An 

analogy is able to be made With the electtonic world, but the architectme of the pieseilt invemion 
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diffelS because of the iequUemems of beam pb•sing and. setting the teladve leVels of multiple inputs,' 

not to memion the critical timing needed to operate energy wave.intencdons. 

The basic principle of multipie-beam summing provides the needed input signals for threshold 

detection. Beam summing is able to be accomplished by directing muldple beams into the first and 

S second locadons of an amplifier/limiter/phase filter in a commller b8ving a substamially constant first 

beam set of at least one wavelength. 

10 

However, separating the summing locadon(s) from the amplifying location(s) allows muldple 

inpWs to be sununecl prior to amplification, while providing a much c1eam .undenfanding of the basic 

principles involved. Tbelefore, a third location(s) is used wbele a number of input sipals ue summed. 

After the input signals ue summed at the third locadon(s), they ue separated and dilected into 

the second beam set of the amplifier. As a phase filter, the basic amplifier, using either type of special C 
imel'fereDce, responds by producing an UDinverted OU1pUt only when dae modulated input has the proper 

phase. The ~erted output will then depend upon the total sum of the inpws Ielative to the first 

15 beam set. 

1be summing (third) location(s) operate in a special W&y·tbat mates du:eshold detection 

possible. ~ ue two typeS of input beam sets to the snmming locaticm(s). The first type ue "trigger 

inputs", and the second ue "dueshold-conttolling inpms. • These two typeS are 180 de8l=I out of 

phase with each odler. In complex arrangements, some of.these input beams have special assipmems, 

20 and ue giVen special names such as "set" or •ieset• inputs, yet.the)' provide energy tbat is in phase 

with one type or the other. 

Under the·principie of supeiposicion, the amplitudes of the .superimposed beams add 

algebraically. The sum of ail trigger beams balllQ'!S the sum of all dueshokkomrolling beams. 1be 

total algebraic sum of die two sums bas the imeresdng and useful quality of being in phase with the 

2S tbreshold-c:onttolling beams whenever the sum of ail tbresbold-comrolling beams iS ~ than the· sum 

of all triger beams. That total is oat of phase with the dueshokkonttolling beams whe!lever the sum 

of all trigger beams is the gieater. If the two sums.me equal •. the total sum is· mm. 

If any of the input beams wae not zero or; 180 degrees, a combination phase would iesult 

(with broad band opdcs). However, because the iDputs ue of one phase or the other, the sum will be 

30 only one phase or the other (or off if they balance). 

If at least one of the dmshold-comrolliilg beams is held at a: substandally conscam level, and 

the level of the sum of the trigger beam(s) is iDCRaSed from mo, the amplitude of the total sum will 

declease, but its phase will iemaiD the same as tbat of die duesholckoDtrolling beam. 

Energy from the summing location(s) is separated and diRcted into the ~ input of the 

35 amplifier, having a phase upon aniving tbat holds die amplifier at cutoff (uniaverted output off). 

Because any sum tbat produces this same phase· produces CODSllUCdve iiderference at the first 

location(s), the input level to the amplifier bas no effect. 1be atnplifier iemains in cutoff iegardless of · 

. fluctuations in the· iDPat levels. 

When the triger input sum equals the dlreshold-c:onttolling ~ the total SUill is mm; as a 
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iesult, the ompm of the amplifier remains cut off. 

As the trigger sum rises above dle level of dle threshold-comrolling sum. the toaal amplitude 

rises. However, its phase bas switched 180 degrees, and is DOW in phase with the trigger sum. If the 

trigger sum raises mpidly, the phase of the road sum will not pass duough all of the phases from z.ero 

S to 180; rather, the phase jumps from zero to 180. This sudden phase chaDge principle is used for 

thleshold detection by detediDg this pbase change. As soon as the control input to the amplifier sees the 

new phase, destructive interference lakes pJace at the first location{s), and energy appears in the 

UDinvened outpUt. 

As long as the threshold-conttolling input is held CODStaDt, it will establish the level at·wbich 

10 this phase cross-over takeS place. Without this balaaciDg input, the amplifier will be sensidve to the 

slightest input; its threshold level is zero. However,· adding the snnmring location{s) ahead of and 

outside of the amplifier allows a threshold to be established at some point above zero. 

By chaJlsing the thleshold-comrolliilg SUlllt either by changing the level of the main threshold­

comrolling beam or by adding beams of either phase, from various sources, with v~ timings, a 

15 considerable variety of functions are able to be accomplished from this basic threshold detector. 

Starting with the basic amplifier or limiter, the procechue for this basic means and method of dueshold 

detection is: 

a. Provide at least one trigger beam ·set having at least one beam of energy directed to at least one 

third (sUJnming) location, mod:tdared with iDformacion to be thlesbold-detected; 

20 (When this arrangeDieDt is used as a schmitt trigger, this trigger input is analog-modulated with 

the information that is to be digitized by turning OD the outpUt whenever this input is above the 

threshold.· When it is used as a nemo detector, fmzy logic detector, AND or OR., this arrangement bas 

a multitude of ttigger iDputs that are all in phase with each odler.) 

b. ~de a thRshold-comro.lling beam set having at least one beam of energy at a substamially 

2S constam level dincred tO the third (snnmring) location(s); 

(This input derenDiDes the threshold level that the arrangemem will respond to. It is out of 

phase with the trigger beams.) 

c. Produce desuuctive iDterfenmce wirh the trigger beam set and the threshokkomrolling beam 

30 set at the third location(s) when the trigger Ind threshold-comrolling beam sets are both on,· so 

that the combimd pbase of eDmlY at the third location(s) is in phase with the threshold­

comrolling beam set when the trigger beam set is smaller dlan the threshold-commlling beam 

set, and is om of phase with the threshold-controlling beam set when the ttigger beam set is 

lreate1' than the dnshold-comm.lling beam set. 
35 (This •tlJild• s11nmring location(s) is used to sum the various inputs. When the inputs have 

only one of two opposing phaies, sepuadng the sum of all iDpms to this locati.on(s) will produce a 

signal that is of either one phase or the other, but not iii beaweeD; 

(The threshold-contr input is kept CODStaDt during the time when thleshold detection is to 

take place. If the trigger input(s) are off, the ourput from the third locatiOD(s) is of a phase that does 
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DOt pass thmush the limiter.) 

d. Direct emqy from the dlird locadon(s) imo the second (comrol) beam set.of the phase 

demoduJator, 

theleby providing a tblesho1d. deteccor by demodulating phase changes in the combined energy 
· S at the dlird locatiOD(s). :. 

The phase demodulator of the piesem iDvemion produces an ouqnu only when irs two input 

beam sets me of opposite phase. When they me in phase,. consttuccive imerfeleDce rather than the 

destructive imerference needed to divert energy into the uninvened output OCCUIS at the •fust 
locadOD(s). • 

10 At this point, the thlesho1d has been detected, ~ the amplifier will produce an output 

only when the sum of the trigger input(s) is 8R8tel' than the threshold. Whcli the trigger input falls 
below the threshold, the amplifier goes apin into cutoff. Thus, if the pardcular use for duesho1d 
detection requim that the •tuming on• threshold be the same as the •tuming off" .t1m=sholcl, along with 

a binary output, then the power beam of the amplifier is ac:tjusted so chat saturation occurs at low 
15 comrol beam levels. The UDiD.verted output is then able to be cascaded into another amplifi~. if moie 

power is needed. 

In many binary cilcuits, there is a nnse of levels available so that the tum-on and turn-off 

thresholds need not_ be the same. By rapidly chansing the threshold,. the amplifier is able to be driven 
quickly imo either saturation or cutoff upon reaching the threshold. 

20 Two inteneJated principles, feedback and scbmiu uiger soap action. are explained above in 
the discussion of flip flops. Next a feedback sipal is added to the tbleshold derector •. 

The difference hen is that the feedback sipal, which is laken from a ponion of the UDinverted 
ouqnu, is dilected into the S1unrning locadon(s) as an additional .ttiaer input om of phase with the 
tbreshold-comroJlina input-rather than being fed diiecdy imo the~ input as befole. 

2S When the tbleshold is leached by a slowly rising triger input, the UDinverted omput comes 
on. diiecting energy aloq the feedback path. If that path is shon, the time delay will be neglip'ble in 
comparisoD to the rise time of the trigger input. If the delay time is not nealigible, then it must be 
accoumed for in the desip of the iest of the componems in a complex system. For this discussion. 
however, we will assume dJat the :feedback delay is negliJible. 

30 Upon reaching the Rl•mming locadOD(s), the feedback sisnal jmmecliately lowen the tbleshold 
level. If the trigger plus the feedback input is sufficiem, the amplifiei will go immediately into 
satmaDon. This is a •snap• togle-like action. Once the tum-on threshold has been JeBCbed by the 

trigger input, the amplifier S111pS diiecdy imo sumation. As long as the amplifier mnaiDs saturated, 
fluctuations in the trigger iDput will llave little or no effect on th,e output because of the limiting action. 

3S What happens when the trigger input goes down depends upon the level of the feedback sipal 
.teJadve to the other snmmecf illpuas. If the feedback sipal is smaller than the dlreshold-commlling 
beam, both the. trigger and the feedback beams will be iequired in order to oveicome the duesbold­
comrolling beam.. 

As the trigger input falls. the amplifier comes om of saturation and the output beams to drop. 
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As the output drops, so does the feedbick signal, raising the threshold. The rapidly ch•qing, 

regenerative driven fall of the feedback signal ~ the output to drop just as rapidly as it rose before. 

Because the regenerative nature of the snap acdon is quite rapid in comparison to the rise and fall times 

Of the trigger pu1se, it is just as easy to snap the amplifier on as it is JO snap it off. As a result, the 

S tum-on threshold will be very nearly the same as the turn.off dueshold. When the trigger input is 

above the dueshold, the output snaps on, and when it drops below the threshold, the output snaps off. 

It is a schmitt trigger. 

The additional step needed to produce the scbmiU trigger acdoo is: 

e. Direct a portion of the amplitude modulated output, as a feedback signal, smaller than the 

10 tbreshold-comrolling beam set, into the at least one third location, out of phase with the 

tbreshold-comrolling beam set, 

thereby providiDg a scbmitt trigger by drlviDg the phase demodulator to a smater outpot than 

occms when the regenerative feedback caused by the feedback signal is absent. 

18. Bistable flip flop. 

15 O>angjng the :muhnum level of the feedback. signal changes the way the dueshold detector 

openteS after it bas first been turned on. 

If the feedback signal is larger rhaD the dmshold-comrolling input and large enough to 

maimain saturation, teduciog the trigger input bas little or no effect on the ouqnu. The amplifier bas 

toggled on, and will remain on. It becomes bistable. The trigger input becomes a .... input, and there 

20 are at least two ways to reset it. 

The power beam is able to be pulsed off, but rhat would require an addicional component. A 

better way is to provide another threshold~mrolling input which is pulsed to reset the arrangement • 

. When the reset pulse is combined with. the. feedback. signal and the main threshold-controlling input, the 

threshold is ~ above the level of the feedback signal. The phase of the total sum reverts to the 

2S phase Of die dueshold-comrolling input, and the amplifier goes into cutoff. 

However, there is also a snap action that occms here. As the reset pulse rises, the total sum 

falls. At the saturation point, the amplifier comes out of satutation, and the oucput (and as a result, the 

feedback. signal) also begins to fall. 'Ibis causes a regenerative amplificalion of the fall time. 1bat is, 

the loss of feedback signal, m tum, causes the output to drop some more, which causes the feedback 

30 signal to fall, and on and on. The combination of rising reset pulse and falling feedback causes the 

. amplifier to snap quickly imo cutoff. 

35 

The reset pulse must be at least large enouah to bring the amplifier out of saturation. As a 

result, there· is a "turn-off" threshold, below which the reset pulse will be unable to bring the amplifier 

out of saturation to toggle it off. 

The bistable arrangement described above produces a set/ieset flip flop that ~ an advanrap 

over the previously discussed flip flops, in that it is turned OD and off by pulses to separate inputs, 

wheleas the previous flip flops required tbat one of the beams be shut off. 

Starling with. the threshold detector above, the procedure for producing a complete setheset 
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bistable flip flop is: 

a. Provide at least one reset beam set, dUected to the at least one third (snmmjng) location in the 

tbieshoJ.d detector, ia phase with the dueshold-comrolling beam set; .. 

b. Dilect a feedback sipal from a ponion of die amplitude-modulated output into the at least one 
5 third locatiOD(s), the feedback sipa1 at the at least one third location(s) being out of phase 

with and gmater than die tbRshold-controlliDg beam set (at the summing location); 

c. Pulse the trigger beam as a set pulse, and 

d. Pulse the reset beam set as a reset pulse, 

then:by providing .. a bistable function by tuming the amplitude-modulated output on with the 
10 set pulse, holding the amplitude-modulated OUlpUt on with the feedback sipal, then turning the 

amplitude-modulated output off with the reset pulse, and holding the amplitude-modulated output off 

due to the absence of die feedback sipal. 

Multi-bit openlion also works with this bistable arraugement by using a power beam bavinl 
multiple wavelengths, by using broad band optics, and then seuing and resetting the arrangement with 

15 the iDdividual waveleusms. 

19. Neuro detector, fuzzy derector, and loaical AND. 

Providing a muJdtude of trigger inputs to the threshold detector produces a total sum that is at 

its maximum when all of the trigger inputs are on. By seuing die tbreshold level just below that sum, 

and above the level where all but one of the trigger inputs are on, dueshold defection will occur only 

20 when all of the trigger inputs are on at the same time, producing a samrated output from the limiter. 
If this amngemem is connected in a neuro circuit, then it will function as a neuro tluesbold 

detector, with the dueshold-comroJlins input being the "weight• sipal. Likewise With fuzzy.logic. 

Analog inputs of either phase are able to be summed to provide a "crisp" output from a multitude of 

"fuzzy" informalion somces. 
2S If this arransemem is conmcced in a binary disUal circuit,. then it functions as a muki-input 

logical AND. The process used in producing a multi-input logical AND is: 

Provide a plunlity of trigger beam sets as AND inputs modulated with binary information, the 

AND inputs having an eneqy sum, the energy sum of the AND inputs being grearer than the 

subscamially. comtam level of the tbRshold-comrolling beam set when all the AND inputs are 

30 on and Jess than.the suhsranriaJJy comram level of the tbreshold-co.mrolling beam set when one 

of the AND inputs is off and the mnaindet of the AND inputs are on, 

thereby providing a muld-input AND by producing an on output Only 
when all the AND inputs are on. 

'Ibis process will work With or Without the feedback circuit of the scbmiu triiger. The schmitt 

35 trigger action is especially useful when the input is analoa, as is the case with the neuro logic 

applications. 

20. Mulci-inpm lo8ical OR. 

If die dlleshold-conrmlling sipal is smaller than the smallest of the trigger inputs in the 
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thiesbold detection arrangemem. then the limiter will turn on whenever any one of the ttiager inputs is 

on. As a result, the function is a multi-input logical OR. The stepS used in producing the multi-input 

logical OR me: 
Provide a plurality of the ttiager beam sets as OR iDpms modulated with binary informatlon, 

S said OR iDpws having an energy sum, the energy sum of the OR inputs being gieater than the 

substaDdally ccmsrant level of the dueshold-conttolliDg beam set when only one of the OR 

inputs is on. 
theleby providing a multi-input OR by producjDg an on output when at least one of 

the OR inputs is on. 

10 The multi-input losical OR is able to be used both with and without feedback. If no feedback 

is used, the sum ·signal which is larger than the duesbold will be amplified. 

21. Multiple input bistable arrangemems. 

lmeresting dliDgs happen when the. feedback signal is large enough to ·make the mangement 

bistable. ~ the dueshold low is the same as placing a multi-iDput OR· on multipl~ set and ieset 

IS Signals. Selling the tbteshold high is the same as placing a multi-input AND on multiple input set and 

ieset signals. 

Selling the dueshold in between causes the dlleshold to be ieached when two out of three, or 

tblee out of five, or some similar proportion of inpurs has been reached, a function that is very useful 

in fuzzy logic environmems. 

20 22. One shot 

The one-shot funcdon is able to be provided using any of the bistable arrangemems by adding 

a delayed feedback beam, the easiest being those that have dilect set and ieset inputs such as the 

set/ieset bistable device above that uses the tbteshold detector. The procedme used in providing the 

one-shot function is to: 

2S a. Dilect a poilioD of the amplitude-modulared output aloD8 a delay path to ~ a delay · 

pe.dod and. a delayed-feedback beam set, and 

b. Diiect the delayed-feedback beam set to provide the met pulse; . 

dleleby providing a· one-shot funcdoJi. wbeiein the amplilude-modulared ouqnu is pulsed on by 

the set pulse, held on during the delay period by tb,e feedback signal(alleady a part of the set/reset tlip 

30 flop). and then turned oft' after the delay period by dl.e delayed-feedback beam set. 

The delayed-feedback signal is in addition to any feedback that is used to ~ the original 

arrangement bistable. Essentially. the ODHhot ttigger tams the bistable urangement on. and the 

delayed-feedback signal turns it oft'. 1be 1eqda of the .delay also affects the duty cycle, because the 

attangement is unable to be set again umil all energy has exited the delay path. In mder to allow a 

35 second one shot to begin j1111nediately upon the ending of anodler, the delayed-feedback sipal is able.to 

be diffelentiated and made imo a shorter pulse. Differemiarion is discussed below in peater decail •. 

23. Cascaded amplifien 

To aca>mplish many of the tisks set out above, many embodimms will iequile more energy 

for the many oatputS. As a result, a number of amplifim will be needed in place of the single 
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amplifien described. Caaded amplifien have the qualities of the individual aq>lifien plus some 

imponam new featmes. 

Ca.ccading one amplifier imo another increases the amoum of energy in the modulated envelope 

at each Stage. When all· of the stages .are on, the last Output in the cascade series has the accumulated 

5 energy of the emite series in the modulated envelope.. Since the ouqJUi of each stage provides lllOle 

energy co the um scage, each stage is able co be poweied by larger and larger 1-r1s. The comol input 

to the first amplifier in the series then becomes the comrolling input co the whole cascade, As a mult, 

a low level input to the cascade will comro1 the much larger (uninverted) ompat of the series, thus 

making the small beam the comroller of a larger beam. 

10 The amoum of energy in the ompm of the series has a maxi1DUJD level of 

E0 = E1 2• whele n = the number :of stages in the series, and E1 is the level of the small input beam. 

However, Bo is also limited by the input level co the individual amplifiers in the series. As a result, the 4 
maTIIDUJD level of the ouq>uc will be limited by the level of the energy-supplying beams. When the 

cascaded amplifier reaches this limit, it will go into satundon. 1be addilion of lllOle energy into the . . . 
15 small input will not cause any lllOle energy from the· energy-supplying beams to be diverted into the 

outpat because all that is able co be diverted into the output bas beeD. 
The procedme used· in providing this meam and method of casCactiq amplifiers of the present 

invemion is: 

a. Provide a plurality of amplifien cmmected in a cascade series; 

20 b. Cascade the output of each amplifier into the second (comrol) beam set of the next amplifier in 

the series,; and 

c. Provide at least one large beam. peater than the second (comrol) beam set of the first 

amplifier in the series, wbelebi the large beam is the first (power) beam set of another 

amplifier in the series, 

25 theleby providing CODUOI of tbC large beam by a smaller beam by diverling energy from the 

large beam through the cascade series and imo the aDIJ)litude modulated oarpm of the last amplifiet of 

the cascade series in response· to the smaller beam. 

Since the level of the modulated sipa1 is svJ>sranti•JJy doubleci at each aage, a considenble 

amoum of amplificadon is able to be accomplished. Suc:h amplifiers have the advamage of not 

30 inttoducing noise into the signal as long as tbele is no noise in the power beams and ao vibratiom in .. 

the optics. 

24. Gated amplifiers used to produce a multi-input AND. 

Cascated amplifiers are able to be used in all of the· energy beam cilCUics described in the 

present invemion. If the first type of special imelfereDce is used, the amplifiers are able to be gated. 

35 In fact, tmDiDg ·off any one of the power beams turns off the emiRi series. As a iesult, cascading is an 

excellem way of providing a multi-input AND function. 

The step& are: 

1. Provide a plurality of loSical ANDs in a,cascade series •. and . 
2. Cascade the output of each logical AND imo the second beam set of the next losical AND in 



W09'/18'64 PCT/US95/16455 

the cascade series, 

the1eby providing a multi-input AND wherein all of the first beam secs of the plurality of 

lop:ai ANDs and the second beam set of die first 1oSica1 AND in the cascade series must be OD in 

Older to mm on the at lease one omput of the last logjcal AND in the cascade series. 

S If the power beams are mOdu1ated wich analog iDformadon. ihe cascaded series of amplifiers 

are able to be used as an amplifying mixer. 

2S. An Oscillator. 

·The four main items needed to SllSlain oscillation are: an amplifier, a power source, a 

frequency determining device, and a feedbaCk path. The presem invemion provides the amplification. 

10 · The CODSCaDt input beam set provides the power source. By directing the outpUt into a delay path, an 

output pulse from the amplifier will be delayed for a certain period as it uavels along the delay path. 

This provides the fiequeDcy determining device. By dilecti.ng the output of the delay path back into the 

input of the amplifier a feedback path is established. 

One or two other things, though, are also needed. Because the amplified ~ of a simple 

15 amplifier is not inverted, an initiadon pulse must be provided. Once oscillarion is samed, the above 

arrangemem is able to be designed so as to cmrinue oscillating, or it is·able to be designed so that the 

oscil1atioDs die out, as in a ting oscillator. 

To make a self-starting oscillator, an inverter mast be added to the feedback cilcuit. Together 

the feedback path then provides an inverted, delayed signal to drive the amplifier. Initially the amplifier 

20 is off. The inverter provides a sipal to mm the amplifier on. A portion of the out:pUt is delayed and 

inverted befme it reaches the amplifier's iDput. As a iesult. the amplifier turns off, wairs for the delay 

period, toms on, waits for the delay period. and tums off again in resp00se to the delayed, inverted 

signal. 

Because the feedback Sipal is the sole somce of energy for the comrol input, and the 

25 arrangemem is self-starting, ghuttjng the power beam off and on gateS the oscillator off .and on wheii. 

usm, either .type of special imerfere.oce. 

As a iesult. a means ·and metbod of energy beam oscillation besim with the basic amplifier and 

is produced by the following procedure: 

a. Provide an invened delayed signal tO the amptifier·by ditectiDg a first portion of energy from 

30 the amplitude-modulaled outpUt along a delay path and through an inverter means. 1be 

inverter means is able to be the inverter described above, or the Young's ~fel'eDce inverter 

described in the prior art; 

b. Dilect the inverted delayed signal to the second beam set to tum the amplitude-moduJared 

output OD and off; with the second beam set remaining OD during d1e period when the inverted 

35 delayed signal is on. and off when the inverted delayed signal is off to produce oscillation, &Qd 

c. Switch the (power) tint beam set off during die lime when osc:illation is to be gated off, 

theleby producing energy beam oscilladon by successively turning die UDinverted output OD or 

off during each delay period, and pdng off emrgy beam osciUadon by auming off the first (power) 

beam set. 
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Energy beam oscillation is able to be accomplished using iny of the amplifying compouems. 
. . 

includins the bistable and threshold processes. ComponentS are CODDeCted in ciJ:cuits just as their 

electtoDic counterparts are; however. each imelcomJection must have the correct phase and timing 

relationships in order to wort; 
s 26. Phase locking and demultipleldng. 

A phase-fluctuating beam, such as is the case when beams from two diffmem lasers or other 

somces need tO be phase matched, is directed in panllel into a gro1ip of phase tilte!Sldemodulators of 

the present inveDtion. The quality of the opdcs ·used will have a peat bearlna on the actual bandwidth 

passed by each phase tilter/demodulator. Sufficient tilter/demodulators are provided in order to cover 

10 the em:ire spectrum used by the phase-fluctuating input. Each demodulacor is provided with a differem, 

but CODStaDt, phase sipal. The outputS will be a demultiplexed set of signals dm produce their 

individual omputS as the phase-fluctualing signal fluctuates into -the bandpass zesion of each individual 

tilter/demodulator. 

The phase tilter/demodulators produce a maximum owput only during the time when the phase-

15 fluctuating signal and the individual power beams are 180 degReS out of phase. As a result. the outpUtS 

bave a substamially CODStaDt phase owput during the time that they are. at ma1Eimum. Phase ;uljustiDg 

each of the tilter/demodulator OU1pUts and then iecombiniDg them into a single beam again results in an 

output beam dm bas a substamially·CODStaDt phase. relative to the.power somce of the comrollers, 

having energy .from both die power and phase-fluctuating beams. As a result, the. two. somces have been 

20 phase-locted together. 

If the phase-tluctuatiDg beam is at a substimriaJJy CODitam level, then.the phase-locked owput 

will also bave a subsranrially constam level, even though tbe individual comrollers will be on 

-individually in accordance with the phase at any given lllOIDe!U. Because at least one will be on at any 

given instam, however, tbe output will remain on. and if the input is amplitude-modulated, the output 

2S will likewise be amplitude-modulated. 

If narrow band comrollers are used, the fint location(s) are able. to be used for all of the · 

comrollers. The output locations are able to be close enoup cosecber to form a cominuous band. An 

optical phase changing e1emem is able to be positioned so that energy at each point along the band will 

i:eceive a diffemlt phase cbaDge. Then, dhecDDg all of the phase cbauged. oucpms to the phase-locked 

30 output location briDp them to one location with the _same phase. 

The pmcedme used in producing the meant and method of phase locking is: 

a. Use the phase demodulators of the present invention; 

b. Provide a pbase-flucmating beam set; 

c. Direct a portion of the phase-fluctuating beam set into each second (comrol) beam set of each 

35 of a plurality of the demodulators; 

d. ~ the fint (power) beani set of each demodulator widl a cliffeleDt phasci of energy; 

e. Direct the amplitude modulated OU1pUts of each demodulator to at least one tbild location, such 

that energy from all demodulator ouqnus arrives at that ddrd location mutually in phase, and 

f. Direct energy from that third location to provide a phase-locked output, 
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tbeleby phase-locking energy from the phase-tluctuatiDg beam set to a subsramially consram 

phase output lJaviDg a subslandally consram amplitude. 

An imporram use of the Phase-locked o1ltput is phase-locking one wave train with another wave 

train in order to produce a sabscamially c0DSl8Dt phase output from ~dple wave trains so as not to 

S lose inforination being SIOied and processed in an opdcal compwer because of phase shifting in the 

power source. 

The princjple of operation is to provide enouP. phase demodulators so the sum of their band 

widths covers the range of fluctwdion. 1he fluctuating phase sipal is viewed as a phase multiplexed 

signal wherein only one phase is present at any one given moment. BeCause the phase demodulators 

10 produce CODSttUCtive interference at their output locadon(s), the phase of that signal will be of a known 

phase, namely the phase of the power beam. When the comrol input is not of the correct phase, the 

omput will be off (wkhin the bandwidth rmge determined by the precisioJl of the opdcs). 

The output from the demOdulator having the matdltng (and knoWD) phase is directed into the 

phase-locked output after the phase is first adjusmt to match the phase of an r11e odler' demodulator 

15 omputS. The demodu1atolS take turns firing, depending on the phase of the tluct11adng phase input. 

However, the combined output bas a sUbstantially stable phase made up of enern from both beams. 

The stability of the output phase depends 0n the baDdwiddl of the iDdividual demodulators, and 

the number of them being used, for that delennines the teSOlution of the·process. 

Why would anyone ·wam to combine two cw sipals to produce a consram phase sipal? One 

20 application is to lock wave trains together. Even the best lasers produce fiDDe wave aaiDs. That means 

that abrupt phase changes sometimes occur in the laser outputs, which amounts to a form of phase 

modulation. 

When the tail end of one wave train is locked to the start of the next wave. train, the phase­

locked output is able to maimain a subsrandally stab1e phase, or at least one that changes very slowly. 

2S Substantiany constam phase is necessaty for the operation of high-speed opdcal compute15. 

These processes are able to be iDcolporated right imo the :feedbact path of the laser itself so 

that it will output wave trains that are phase-locked together. 

Mulciple somces, even some non-laser somces, are able to be pbase-locbd together using this 

means. The phase· lockiDs and filteriDS qualicies of the present invemioD allow a seed sipal, such as a 

30 low-power laser, or even a high-qualily color filter, to be used as a lodd.ng standard m,· extracting and 

phase-locking energy from a thermal source, sUillight, or white lisht· Cerrainly, the present invemion 

will be very· usemI in spectroscopy. 

Information extraction: 

If the pbase-tlucturing beam bas been amplitude-modulate, the phase-locked outpUt will also 

35 be amplitude-modulated by the phase-tluct11aring beam. As a iesult, information is able to be extracted 

from one source, such .S light from an opdcal fiber, and prepared for processing in ·a phase-locked 

system such an optical computer. 

When that beam is fl:eqUency-moclulated, all of the phase demodulatorS mm Off together when 

the wavelength changes so that it is out of the combined bandwidth of the group of demodUlators. As a 
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result. information transmitted using one energy somce is able to be transferred over to devices driven . . . . . 

from another energy somce by using either frequeDcy or amplitude modulation. 

Phase locking is essential for producing high-speed conmpmications links between optical 

compurers, iDc1udiDg fiberOptic telephone transmission systemS~ 

5 1be additional srep needed to emact modulated ~from a phase fluctuating signal is: 

g. Amplitude- or frequency-modulate the phase-ftuctuadng beam with illformadon to be. extracled, 
thereby providing m amplitude-modulated ouqnu comaining that illformadon and having a 

substamially ~phase at the phase-locked omput. 

27. Phase encoder/modulator. 

10 Phase encoding and phase modulating from an amplitude-modulated signal ue able to be 

15 

20 

accomplished by producing a diffmemial amplitude-modulated signa1 pair and recombining the .two 

sipa)s having opposite phases. When one of the diffenmtial piirs is on. die combined. owput has one 
phase; when the other one is on. the combined signal has the opposite phase. In between it has a 
combined pbase. 1be pmcedme for this means and method of phase modulating or ~ is: 

a. 
b. 

c. 

d. 

e. 

f. 

g. 

Use either type of comroller; 

Maintain the first (power) beam set at a substantially consram above-zero level; 
Amplitude-modulate the second (comrol) beam set; 

Direct a portion of the at least -~-outpUt. having a first phase, to at least one third location; 

Sepuate a portion of energy from the first locadon to produce m inverted signal having a 

phase~ the fint pJme; 

Direct the inverted signal. to that third location, and 

Direct energy from that third location to produce a phase-modulated output, 

theleby producing a phase moduJalOr by causing energy of the first phase to owput when the 

second input beam set is on. causing energy of the second phase to OUlpUt when the second input beam 

25 set is off, and causing the phase of energy at the phase-modulated output to change proportional to the 

amplitude of the second (comrol) beam set. 

28. NAND. 

Boolean algebla provides for the_production of ~ous logic gateS· by combining logic 

functions. When combiDins fimctioDs that use special interfeteDc.'e, certain things (~_as the carrier 

30 wave phase) need attelllion. as they have no counterpart in el~cs .. ~ a resu1t,. this disclosure also 

comaiDS some eumplc;s, so that process intelcomlecdml is substalJdallY and clearly tqbt. 

In.Boolean logic, an inverted AND OUlpUt produces a NAND •. ~is the procedme: 

a. Use any of the _pieviously described AND fUncdous, and 

b. Direct the at least one output of_, logical AND into a logical NOT means, 

· 35 tbeleby providing a logical.NAN». 

1be NOT is able to be either of the piesem invention or of the prior !'ft· 
29. NOR. 

1be logical NOR is produced by inverting the two inputs to an AND. The procedme used in 

producjng a logical NOR is: 
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a. Use the AND of the present invemion; 

b. Provide a first losical NOT means having an energy beam output dilected ·into the first beam 

set of the logical AND. aDd 

c. Provide a second logical NOT means having an energy beam output directed imo the second 

S beam set of the losical AND • 

. thereby producing a losical NOR. 

As cnmmnn as these iDte1coJmections are in the electtoDic world, they have not been done 

befme using energy beam ANDs that use special imeifeience. Again, the energy beams must interface 

while meeting all of the phasing and clUecdng requirements for the individual pans disclosed heiein. 

10 30. EXCLUSIVE OR. 

The Exclusive OR function of the Prior art produces an output having a phase-modulated 

compoDeDt. When one input beam is on by irself. the output is of one phase. When the other beam is 

OD by itself, the output is of the other phase. The pieseDl invemion corrects that pn}blem by separadng 

the pha_se-modulated outpUt. comcting the phase and IeCOmbiDing them back tog~. The process 

15 used in building an Exclusive OR is: 

a. Use the phase demodul8tors of the piesem invelllion; 

b. Produce a first Exclusive OR input beam set having at least one beam of f:IJl:tgy moduJated 

with binary information directed toward at least one tbird localion; 

c. Produce a second Bxclusive OR. input beam set having at least one beam of energy modulated 

20 with binary information dilected .toward that third location; 

d. Produce desttuctive ime1ference at that third localion when the first and second Exclusive OR 

input beam sets am on; 

e. Direct energy from that third locadon imo first and second said phase demoduJatois, the first . 

beam sets of the first and second phase demodulators being of opposite phase so that the 

2S amplitude-modulated output of the first phase demodulator is on when the first Exclusive OR. 

input beuD set is OD by itself, and the second phase demodulator is OD When the second 

Exclusive OR. input beam set is on by itself; 

f. Dilect energy from said first phase demodulator to provide at least one Exclusive OR output. 

and 

30 g. DUect energy from the second phase demodulator to the Bxclusive OR outpUt while providing 

·a 180-deglee phase shift so that the energy from the first and second phase demodulators have 

matdririg phases at die Bxc1usive OR ouqmt, 

thereby provicling an Exclusive OR. haviDg a subsramially consrant phase output. 

31. A Binary half adder. 

35 The Binary ba1f adder 1UDction is produced by providing an AND outpUt as a carry signal. and 

an Bxclusive OR. as a sum signal, from a common input. The procedme used in making a binary half 

adder is: 

a. Use the Exclusive OR of the ·piesem hivemion; 

· b. . Dilect a ponion of energy from the first Bxclusive OR input beam set to a first inpUt of a 
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c. Direct a pardon of emrsy from rile second Exclusive OR input beam set to a second input of 

the logical AND means, 
thereby providing a binaty half adder by providing rile Bxc1usive OR output as a sum output 

5 and an output of rile logical AND as a carry output. 

32. A clock signal for the bisfable tlip flop. 

Adding a clock sipa1 to a bistable flip flop of the present· invemion involves more than what is 

needed in electronics. lbe high-speed naaue of the carrier waves used in the presem invention will 
cause false signals to appear at times, and in places where they would not in slower media, such as 

10 conventional electtonics. 

A bistable tlip flop of the piesem invemion ·is used that has separate set and reset inputs. An 

amplitude-modulared clock pUlse stteam must be dilected first tO rile set input and then to the reset c' 
input. If rile clock sipal is diiected to both inputs simukant-OUly. unpiedictab1e n:stdts will occur. As 

a n:stdt, two AND gates are usec1·to·direct the clock signals to the appropriate inputs by enabling the 

15 gates individually for a short time slightly longer than rile length of the clock pulses. This insures good 

solid set and reset pulses. lbe procechue is: 

20 

2S 

30 

a. Use either of the set/reset binaty flip flops of the present invemion that have an on-pulse reset 

b. 

c. 

d. 

e. 

f. 

g. 

h. 

i. 

j. 

k. 

input as well as an O&-pUlse set inpm; 

·Provide first and second logical AND means; 

Provide a clock beam set having at least one pulsed energy beam of alternating first and second 

pulses; 

Dilect a first portion of the clock beam set :imo a first input of the first logical AND means; 
Direct an output of the first logical AND means to provide rile set pulse; 

Direct a second pardon of the clock beam set imo a first input of the second logical AND 

means; 

Direct an output of the second logical AND means to provide Che reset pulse;. 

Direct a pardon of the amplitude-moduJated output of tbe bistab1e function along a first ·delay 

path, providing a deJay time, and a delayed bistab1e beam set; 

Direct a first poraion of the delayed bistable beam set imo a logical NOi' ~; 
Direct an output of the logical NOT means to a second input of the first logical· AND means, 

and 

Dilect a second portion of the delayed bisfable beam set imo ~ ~ input of the second 

logical AND means, 
thereby providing a clocked bistable function by seaing the bistable function using the first 

35 pulses that pass through the first logical AND means when the second input of the first logical AND 

means is held on by the logical NOi' means in the absence of the delayed ~le beam set and the filst 
pulses are prevemed &om passing through the second logical AND means by the absence of the delayed 

bistable beam set, then resetting the bistable fuDcrion by using the second pulses that pass through the 

second logical AND means when the second input of the second logical AND means is held on by the 



WO 96/18964 PCT/US95/16455 

29 

delayed bistable beam set and the second pulses ate prevemed froni passing through the first logical 

AND means by the presence of the delayed bistable beam ~ which is invened by the logical NOT 

means to hold the first logical AND means off. 

Delaying the bistable beam before it is able to tum on the N~. and tum off the first AND. 

S allows the first clock pulse to pass through tO set the tHp flop solidly on before that oppommity expi1es 

after the delay period. Delaying the biscable beam befoie it is able to tum off the second AND allows 

the second clock pulse to solidly reset the flip flop befoie the time period expiles. In each case, the 

clock pulse must be· shorter than the delay period; otherwise, unpiediciable things happen. 

33. Bi.nary digit coumer, energy beam diffelentiation, and integration. 

10 Because the clock pulses of the clocked bistable arrangement set foidl above must be shorter 

than the delay period. additional carrier wave cllcuitry must be added so that one bistable device is able 

to be dilected into another bistable device. To accomplish that task. a clock sipal having a long pulse 

width must be differemiated. 

Differentiating a carrier wave pulse is a liule different from differemiadng aJJ. e1ectroDic pulse. 

15 DiffereDtiatiDg a positive electroDic pulse results· in a shon positive pulse, followed by a delay period 

equal to the length of the input pulse minus the positive pulse, followed by a negative pulse. The 

analogous diffemttiation of a long carrier wave pulse results in a short carrier wave pulse, followed by 

a long off period that equals the length· of the input pulse minus the short pulse, followed by a ·shon 

pulse having phase opposite that of the first short pulse. 

20 Energy beam pulse diffeJendadon is aa:omplished by dividing the pulsed beam into two 

poniom. One ponion is directed along a delay path having a delay equal to the differemiated pulse 

width. 1be delayed portion is then recombined with an UDdelayed portion at a location(s) for 

·perfonning the diffemttiation. An output is prorided trom·that diffelemiadon locadon(s). During that 

short delay period, energy is output as the leading shon pulse. Wheil the delayed energy arrives from 

2S tbe delay path, destruc1ive imetfetenee is produced at the diffeieJniation locadon(s) which shuts off the 

output. As long as the input oontinues, the diffelendated output iemains off. 

When the input shuts off, destiuctive inleiference sqs. However, energy is still coming from 

the delay path. This energy is output as the trailing short pulse. However, this pulse is 180 depees 

out of phase with the leading pulse. 

30 The result is a difCeiemiated ·pu!Se pair having ~te phases, which is produced from a 

single input pulse. The advantage of such an arringement is that the off period between the two pulses 

is able to. be any lqtb. without affecting down stteam compomms, while the delay period that 

establishes the differemiated pulse widths is able to be staDdardi7.ed to match the requimnents of other 

componems. An excellent example is in the production of binary COlllllaS. 

35 In order to produce a couming stage, the bistable device must be clocked on or off on every 
other bi.nary pulse omput from. a bistable component that is able to have pulse widths of various 

lengths. Tberefole, the input clock· is first diffeiemiated so that standard-length short pulses will be 

pieseiited to the following binary stage. Because the enersy beam AND means of the piesem invemion 

respond only to input sipals of the proper phase, either of the diffelemiated pulses are able to· be used 
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by simply adjusting the phase of the clifferemiated sipal to match .that needed by the ANDs. The 

ANDs will iespoDd to only om of the pulses. 

The stepS used in producing this means and method of producing a binary ~ stage are: 
a. Providing a binary input beam set having pulses longer than the delay time; 

S b. Directing a portion of the· binary input beam set to at least one fourth locadon; 

c. Dilecting another pOrdon of the binary input beam set along a second delay path and then to 

the at least om founh location as a delayed beam set; 

d. Producing destructive imerfereDce using the binary .• beam set and the delayed beam set at 

the at least one founh location when both the beam sets are .on; 

10 e. Separadng energy from the at least om fourth location to provide clifferemiated pulses, and 

f. Directing the diffelemiated pulses to provide the clock beam set of the clocked bistable 

function, 

theleby providing a binaly digit coumer which allows use of binary input beam pulses longer 

than the delay time to clock the clocked bistable function. by diffemttiariDg the binary. input beam set to 

IS produce a leading pulse having a CODStaDt pulse leJJsth, and a trailing pulse having a comram pulse 

leagdl, the leading pulse bejug out of phase with the ttailing pulse and the clocked bistable funccion 

iespondiDg to at least om of the pulses.· 

Differemiation is a very effecdve way to build a sequencer. A long pulse is differentiated. If 
only om of the pulses is needed, then an amplifier is used to :remove om of them. The ompm is 

20 apportioned out imo a smup of delay lines having diffem1t lqcbs. This.approach is able to be used to 

produce quadratme pulses or sequence pulses for an optical processor. 

Imegrarion 

The energy beam equivalem of an elecmmic capacitor is the delay nm .. Energy is cliiected imo 

a delay path, At some later time the energy ails the delay path. This process is used to diffelendare a 
2S pulse by turning it off after a delay period. and then tetrieYing the energy start/Cl in the delay pllh at the 

end of the pulse. 

lntep'ation is die accumulation of emrgy over lime. To accomplish inrepadon with energy 

beams, the beam to be imegrmed is portioned out into om or more delay lines of different lengtbs. The 

outpUt of the delay lines is 8CCUlllld8ted at a snnmring location. To diffe1eDdate using this arrangemem, 
30 the delayed pulse is brought back out of phase. To imegrale, the delayed energy is brought bict in 

. phase. 

The length of die input pulse ieJative to die delay periods determines what kind of waveform 

will result. If die pulse is longer than the delay lines, then an amplitude incmse will occur as energy 

from the various pllhs arrives simultaneously at the smmning location. 

35 If the several delay lines have delay .times that increase by om pulse lime each, the imegrmed 

ompm will be a series of pulses dllt are able to be close .enough together so that they will function as a 

single long pulse. In pr8Clice that may be diflicuk, because even the 1tiptest break in energy· flow may 

disrupt the process. The presem invemion cmes these .problems by using a dueshold detector, a· scbmiu 

trigger, a limiter or a bistable arrangement to provide a constalll-level owput from the varying-level 
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imegrated signal. 

Imerestingly. a frequency multiplier is able to be made by first diffe.remiatiDg a long pulse and 

delaying portions of it for successively longer times, so that the final wavefmm turns on and off at a 

frequency peater than the main input pulse. 

5 34 .. Binary counter. 

The next step is to produce a binary eoumez by .imemmnecdDg a munber of variable-lqth 

clockable flip flops in a cascade series. The procedme used in maldDg such a binary counter is: 

a. Use the means and method of variable pulse length clocking; 

10 b. Provide a phlrality of the binary digit counters in a cascade series; 

c. Direct the amplitude-modulated owput of each binary digit counter to provide die binary input 

beam set of the next binary digit Counter in the cascade series, and 

d. Provide the binary input beam set of the first of the binary digit coumets in the cascade series 

with pulses to be coumed, 

15 thereby providing a binary COilDter by connecting a plurality· of the binary digit coumers in a 

cascade series that produces binary outpUtS repmenring pulse count. 

35. Squue wave oscillalor. 

The oscillator described above is capable of producing a variety of wave forms including a sine 

wave, modulated wavefonn envelope. A square wave mults from connectiDg a bistable arrangcmeut to 

20 produce oscillation. The procedure used in making the square wave oscillator is: 

a. Use any of the above bistable arrangements which bas a reset input; 

b. Hold the set pl1lse on during the time when square wave oscillation is to take place and off 

when the squue wave oscillation is to be gated off; 

c. Direct a portion of the amplimde modulated omput along a delay pada·which has a delay period 

25 and through a 1ogical NOT means providing a delayed biscable sipal which is invetted, and 

d. Direct the delayed bistable signal to provide the reset pulses. each of the reset pulses being 

larger than the sum of the set pulse and the feedback signal, 

thereby providing a pted squue wave energy beam oscillator by iepeatedly turning the 

bistable function on or off at least once for each delay period. and ptiDg oscillation off by tuming off 

30 the set pulse. 

36. D type tlip flop. 

A D type flip flop is a fnndimema1 circuit that stoies a binary bit input on one beam set upon 

turning on an enabling beam set. The pmcedure used in making a D type flip flop is: 

a. Use either of the set/ieset binary flip flops having pulse set, and reset iapacs; 

35 b. Provide first and second logical AND means; 

c. Provide a data beam set having at least one beam of energy modulaced with binary information; 

d. Provide an enabling beam set having at least one beam of energy modulated with data storage 

enabling information; 

e. Direct a first portion of the data beam set into a first input of the first logical AND m:ans; 
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f. Direct a second portion of the data beam set imo a logical NOT means; 

g. Direct ID omput of the logical NOT means to a first input of the second logical AND means; 

h. Direct a first portion of the enabling beam set into a second input. of the first logical AND 

means, and a second portion of the enabling beam set imO a second input of the second logical 
! 

5 AND.means; 

i. Direct ID omput of the first logical AND means to provide the set pulse. and 

j. DUecting ID OU1PUt of the second logical AND means to provide the leSet pulse, 

thereby providing a D-type bistable funcdon by setting or resetting the bistable fimcdon 

depending upon the state of the data beam set during the time when the enabling beam set is OD. 

10 37. Multiple uses, multiple energy forms. 

The priliciples for imeiconnecdng energy beam componems. described herein. are able to be 

used in a COUDdess variety of complex arrangemems, just as the basic building blocks of electronics are. 

Energy beam diffeJemiadon, input pnmmjng, dueshold detection, flequency and phase fihering. energy 

beam pbasing for component· imerconnections, and using multip1' rays to. form imerac.tiDs images are 

15 just some of the imponam features that allow the presem invemioD to be immonnected and used in 
complex arrangemems. 

All of these things have been disclosed so as to provide a broad foUndation for using special 

imelference. In view of the many ttansistot-like fancdons descri~ heleiD. and its ability to use 
electromagnetic energy, the presem ~ is able to be rigbdUlly refemd to as a •photonic 

20 transistor •• 

. The endless variety of·complex devices built from SWldant elecuonic building blocks are able 

. to be duplicared using the present invemion. If e1ectromapedc energy is used, the speed of such 

devices is phenomenal in comparison to tbek e1ectroDic COUDfelplltS. 

When elecaomagnedc energy is used in digital photonic .cilcuits. bodl the power amplifying 

25 and power limiting ability of the presem invendOll provide a wide range of uses that are directly 

analogous to the use of amplifiels and limilelS in eleccronic cimJirs. and are able to perform the same 
types of tasks at a higher speed tbaa convemicmal electmDics. 

When the wave properties of electron beams are used in the pRSelit invemion, free space 

electroDic structures that ped'oan the. functiom oudined herein are able to be produced. There are many 
30 advamages to the use of free space elecaons, or elecuons confined to spaces wherein their wave 

properties are able to be exploited. 

Very sensitive insaumems are able to be made using the piesem invemion. For example, 

small Dumbers of cerraia subatomic panicles are difficult to detect. By using ·a .stream of such particles 
as the power beam set in the presem invemion, small numbers of input panicles to the second beam set 

35 are able to be turned imo proportionately Jarser numbers of such pardcles which are then more easily. 

examinecL 

There me many embodime,ms that are able to be made using various energy forms. If the . 

presem invemion is incorponted into ·a ndar amenna or X-ray machine, phase-modulated retlected or 
transmitted signals are able to be derected. If ID may is sec up wbeleby each pixel is ID amplifier of 
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the piesem invemion. the oaiput will be a composite, amplitude-aDiulated image of the ieflecred or 

ttansmitted radar or X-ray phase-moduJaled ima,e. From such iDformadon, full tbree-dimemiooal radar 

images ue able to be coma:ucted by pmvidiDs a matdring array of flequency converters of the prior an 

that convert the non-visible pixel amplitudes to visible pixels. 1be ~ is uue for sonar when using 

S acousrical energy in the piesem invemion and convening each pixel to visible energy. 

The piesent invention is also able to operate usiDB multiple differina IDl'8Y forms in the same 

locations. For example, one embodiment is able to iDclude both acoustical waves and light by orienting 

the input compOnents for each one so that they have a common point for ompat sepantion, and given 

the proper media at rbese locarions, the various eaqy forms ue able to be made to imetact wirh each 

10 other. Likewise, informadon carried by diffmeDt &equencles of the same IDl'8Y form are able to be 

uansfened from one frequeDcy to anotber. 

Reflected ulttasonic sonar waves ue asemially modulated beam sets, capable of producing 

construcrive and desauclive inteifeieuce at the •first• location of rhis combination embodiment. 

CoDsauctive and desauclive inteJ:fetence of the acoustical wave will cause the medium in the 

IS embodiment to compiess and decompiess. Changing the density of a medium chaDgeS its index of 

iefracdon and, as a n:sult, will pbase-modulafe the light beam going throush it. 'Ibis Phase moduJation 

is able to be used direcdy or in cooperation wirh a second beam so that the effect is able to be 

amplified right at the point of energy form convemion. 

The result is a super-sensidve microphone which is able to detect phase changes in rhe 

20 acoustical wave and direct the gacheled informadon into a photonic comparer made of many 

imerconnected componems of the present inveDdon. 

Certain typeS of materials teaet to light to produce beat ftequencies. Using such materials in an 
embodiment of the present invemion allows light to be beferodyaed, flequency muldplied, and divided,· 

even while rhe signals ue being amplified. 

2S Other typeS of materials ue photosemitive to light of one frequency, while being able to cause 

a reaction with light of &DOlber frequeDcy. When such materials ue placed in an embodiment of rhe 

presem invention, iDformadon comaiDed on a beam of one frequency is able to be ttaDSfened to a beam 

of anodler frequency. 

Any ~ energy typeS or frequencies of the same wave-type energy is able to be used 

30 simultaneously to interact wich the presem invention by providing the proper medium for promoting the 

imaacdon. lhe present invention is dleD used to tl8iiSfiu information from the one energy type to the 

other by providing a scmsidve, amplifying envimDment in which to make the transfer. 

38. Basic theory of operation. 

Applicant cheorizes that the amplitude and intensity of eaergy at the pmely consiructive 

35 imerfemlce locatiOns, using the first type of special ~. are able to be caJcuJated using an 

adapmion of the srandard vector sum of amplitudes method used with other inreifereDce phenomena. 

The basic fomm1a for imensity bas been derived from the law of cosines and considers just two 

incoming rays. 

That formuJa is: 
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A - ampli- of the first beam. 

·B - amplitude of the second beam. 

'lbefa- phase difference between the two beams. 

S lmemity - I - A2 + B2 +2AB Cos(Tbeta) . 

1be Total amplitude Tc1 - squaie root of I, just as A2 
- the imensity of amplitude A. 

At the cemer of the CODSttUctive imerfereDce (ci) ma, 'lbefa - 0, and the Cos(Theca)- + 1. At the 

center of the destruetive imeifereace (di) ma, Theta - 180 depees. and the Cos(fbeta)--1. As a 
10 iesult, the vector sum of two amplitudes at these two loc:adons is also the algebraic sum of the 

amplitudes. 

lbe. two rays me in phase in the ci ma, so the sum bas that same phase. As a iesult, the ci 

imensity formula is, la - A2 + B2 +2AB - (A+ B)2 

In the di ma: 

lS The two rays me out of phase in the di ma, so that the vector sum is the diffmeDce of the two 

amplitmfes, which lakes on tbe phase of the largest of the two. If they me equal, the algebraic sum is 

zero. 1be di formula for imensity becomes: 

I. - A2 + B2 -2AB - (A • B)2 

These two conditions ~ also able to be viewed as the vector sums of three ~ rays, 

20 which will be labeled B11 Bi, and U. In the di ma, B - -B1 - :&i, so that U is the diffelence between 

Aand B, and 

A-B+U 

When A is OD by itself, tbe amplitude at 1ocatiOD 1 is the. vector sum of B, and u. 1be 

intensity is 

2S CB1 + U)2. 

Wllen beam 8i comes OD it combines with the first two. Since it is 180 depees out of phase 

with B1 and U, the totals of amplitude and imeDSlty me as shown in formulae 1. 

Fnnnnfae 1, di locadon for all of the imeifere.uce type&: 

T1 - T• - B1 + ~ - Bi - U 

30 11 - I. - (B1 + U • Bi)2 - U2 
also, by substitmion we get: 

11 - I. - Az + Bz -2AB ... (B+U)2 + Bz -2B(B+U) 

- B2 + 2BU + U2 + B2 -2B2 -2BU 

-U2 
35 .. This is CDCtly wbac is apec1ed. because the amplitudes add algebraically, and the imensity ~ 

the squue of the amplilude. . 

This indicaaes that the addition of an out-ofi)hase beam smaller than the first beam leaves 

energy having an amplitude equal to the diffemice of the two. If it is viewed as the sum of dllee 
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beams, two of which ate equal in amplitude bat of opposite sip., the third beam is equal to tbe 

amplitude of d:te eaqy remaining at this locarion after all tbiee have been summed. 

Tbe process of interference relocates energy within a friDse image. Tbe equivalent amoum of 

energy dJat is missing from the di areas appms in the ci areas. As shown above, when two unequal 

S beams imeifete destructively. not all of the energy· in the di areas is ielocated imo the ci areas. The 

remainder is euctly equal to the diffemoce between the two unequal beams. 'Ibis remainder has not 

been relocated; it com:inues to mive at the di location. As a iesult, this remaining eneqy is able to be 

called •UIJdivenecr energy, because it has not been diverted imo the ci areas by the imm:fmence. 

As a result, one is able to describe tbe energy which is awanmdY missing from the di area as 

10 •diveJted• emqy. 

In Ymma's ci area: 

In the case of Young's type imerfeleDce, the amplitude of energy miving at a second location, 

Damely the ci area, when only ooe beam is OD is A. A is able to be considered as the ~ of two 

lS amplitudes B1 and U. 

20 

25 

Apia,. when beam Bi comes on. it combines with the first two. Since it is in phase with B1 

andU, 

B - B1 
- B2

, and the totals of amplimde and imeDsir:y ate as shown in formulae 2. 

Formulae 2, Young's imm:ferellce type in either amplificadon or satmadon: 

Ti - Tei - B1 + U + Bi - 2B + U 

12 - Ia ... <B1 + u + Bi>2 - (2B + U)2 

also, by substitution we get: 

- (B+U)2 + B2·+2B(B+U) 

- B2 + 2BU + U2 + B2 +2B2 +2BU 

-4B2+4BU+U2 

- (2B + U)2 

This is also euctly what is expectecl because the amplitudes add algebraically, and the imeDsity 

is the squue of the amplitude. 

In this case, Young's type imerfeim:e has energy directed to this ci location when only ooe 

30 beam is on. It is able to be viewed as having two componems. When the secOnd beam comes on, 

emqy from the di area is diverted imo the ci area. As shown above,. the llDDUllt added to the ci area 

by imed'enmce euctly equals cbC amoum removed from the di area. 

3S 

As a result, two equal pallS exist, B1 and Bi. One came from beam A and the other from 

beam B. The diffmeDce between the two is U. 

energy. Apparently, it iemains unaffected by the imerfeleDce that is taking· place between B1 and Jii, 
even in the ci area. 

If B rises to become equal Wida A, U drops to mo at both places. The nsalting imedeieDce 

image goes completely duk at the di location,· and the imensity at the ci location goes to 4A2 
- 4B2

• 
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All of the eaqy comribates to the imerfereDce image. 

PCT/US95/164~ 

When A and· B 11e not equal, the image formed is able to be viewed as being the sum of two 

images. One image is the imelfetmce image formed by portions B1 and Bi in the fimriliar imerferea;e 
fringe pauem. The other image is a consistent spot, having .. DO ccmttast cbaDp from one pan to 

s 8DOCher,. ics amplitude equals U. and ics inleDsicy is U2. 
As a iesalt, U, t11e·ctiffmeace between two unequal beams, can rightly be~ "undivened," 

for it anives at the same 1ocadons and in the same pattem as when B1 and Bi are off. 
B1.andii11e rightly called "diverted• .energy, because this energy has been reamnged, or 

"diverted," in Older to form the imafetmce bmge. In that image, the energy from the di locadon is 
10 diverted into the cl locaaon to combiDe widl an equal comribmion from the other .beam that will arrive 

there anyway in the absence of interfeleace. 

In special imerference: 

Next, we examine special imerfereoce. Special imer:ference has no comribution :to location 2, 
the cl locaa~ when only one beam is on. 1bis occurs because the beams are· small~ comparison to 

15 the di loc:ation, and are dilected only toward the di location. and ue not spread out to cover the 
location where cl will evemually take place. 

The di area fuDctions eucdy as described above, as having two in phase beams from A, widJ. 
die out-of-phase B. 

The cl area has DO energy· in the absence of immfereDce. Most imporamdy, it bas DO 

20 "undiverted" energy (that is, u-o>. 
When the second beam <Bi) comes on. imerference occurs producing an imerfetence image that 

removes energy from the di Jocadon. (B1 -Bi), leaving U as residual eneqy. 

The energy removed from the di location is diverted into the cl location as 
B1 + ii· It bas an imfnsity of <B1' + Bi)2. 

2S Again by subsciaUion we pt: 

- (B+U)2 + B2 +2B(B+U) 

- B2 + 2BU + U2 + B2 +2B2 +2BU 

-4B2 +4BU+U2 

- (2B + U)2 
30 However, U - 0 at this· location, producing die imporlam J:elation as shown in fommJae 3. 

Formulae 3, first imerfetmce type in either amplification or satmadon: 

T2 -2B 

· I2•(2B+0)2 -4B2 

As a iesult, a fommla for the first type of special iDtelfereDce bas been derived for both die 

3S amplitude and _the immsit.J. 
The total amQunt of energy in any one application depends upon the ilea of cl and the area of 

di, because they me able to be made up of many rays, even rhousallds or billions .. of rays. The total 
energy is able to be apaaded to cover large areas, or focused to small areas. The omput ~ 

will be a function of the size, locations, and the ratio of ompm area to imap area of the image. 

f 
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compcruem separator ieladve to the image. Conttibudons of energy from the other parts of the image 

that ue not pme ci or di also comribute to the overall operation of the invemion. 

The imponallce of~ formulae to the process of amplificadon and Hmirins cumot be 

ovmwed. As an example, a substamially constam power beam A that is dUected to location 1 and a 

S comrol beam B (which is smaller than A) produce an interference image at locations 1 and 2, with di at 

1. and ci at 2. 

The ourput inreDsity is 4B2, and the amplitude is 2B. It does not matter how much larger A is 

than B, within the limits of the breakdown of the opr:ics or orher factors tbar would physically change 

the amngemeut. :S.....,. diverted into die 01ltpDt is dincdy pmponional to die CODllOI bcmn B. 

10 When. the comrol beam is amplitude modulated, the outpat is also amplicude-modulated. having 

twice the amplitude of die CODllOI bcmn. The energy m the information carrying pordon of the 

output waveform bas been doubled. Unlike the amplifier of the prior an tbar uses Young's 

intelfelence, the piesem invention does not produce the residual outpat u. the UDdivertecl leftover 

energy Jbat does not comribute to the imeiference image. 

15 As Ions as the moclulared beam is smaller than the constam beam, the output will be amplified. 

The output amplitude is always double the smaller of the two. 

Next consider what happens when the moclulated control beam rises above the level of the 

CODStaDt power beam. With B > A, for any siven instant the outpat will be twice die smaller of the 

two. It is the same as switching the beam names in the fommlae above. Because the smaller one is also 

20 the constam one, the output will be a constant 2A no mauer how highly B is modulated, again within 

the mJm of not desttoying or JDQdifying the opcical armpmem. 'Ibis CODdition is called "saturation.• 

All of the eDer8Y from beam A that is able to be bas been diverted into the output. 

As a iesult, the amplification curve of the present invemioa is NON-LINEAR. Non-linear 

optics dm operate at the speed of light is able to accomplisb many tasks tbat ue otherwise impoaible. 

2S A modulated wavefmm will be limited ·and clipped at the point whele the two input beams me equal. 

Second type of special imerfereDce: 

The second type of special imeiference is also able to be viewed as baviDi dHee compomm 

amplitudes. The power beam (A) is dUected to· the di locadon; DOiie of it is dilected to the ci location. 

·just as with the tint type of special inrerfelence. 

30 The comrol beam (B) is dilectecl to both locatioDs. For that i:eason. this type of iDterference 
will not produce a IoP:al AND in a single stage; however, it makes an exc:el1ent amplifier. 

When the Comrol beam is off, ~ • 0, and Ii • Bi + U. 

When the comml beam is less than the substamially constam power beam. 

A - Bi + U, and B - Dz. The amplitude at location 1 will be B1 + U. 

35 Fommlae 4, 2Dd imed'elence type in amplificadon: 

Amplitude • T2 • Bi + Dz • 2B 

lmensity - ~ - CBi + B.;i • 4B2 
'Ibis is the same as with the first type of special imerfemlce. The difference appem when the 

arransemem goes into satundon. When that occurs. the undiverted energy (U). which equals B-A 
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(because B is larger) does DOC ·come from the power beam. In this" case the residual energy comes trom 
the comro1 beam which is dii'ectecl straight imo the ompuc. As a nsult, the OU1pllt during saturation is 

as sbowll in formulae S. 

Formulae S, 2Dd imerfam type in satmatiore 

• Amplitude - T2 • B1 + Bi + U • 2B += U - 2A + U 

lmensity - I2 - CB1 +Bi+ U)2 - 4A2 + 4AU + U2 
Amplification is ieduced because A is consram. All of the available energy of the power beam 

bas been divened imo the OUlpllt. Funber iDmases in B. only increase the size of U, which is ~ 

doubled. When squaring to produce the imensity, the 4AU factor incHi;aies chat chere exists some 

10 imencdon with energy from ocher pans of the imerfemlce image, bat U mnains the same. 

As a result, this second type of special interference behaves like the first type of special 

imerferems when B < A. However, it behaves like Young's interference when B > A. Amplificatlon 

is still limited somewhat, but it is not clipped. 

Broad band and narrow baud arrangemems. 

IS The above-described process is pbase-dependem. 1'be energy removed from the di location is 

relocated in the ci position. But what if thO sipals arrive at the first location at some other phase? In 

this case, the ci position is at some other loCation, resnking in near binary openlion.of a pbase­

modullted sipal. The inputs would have to be euctly out of phase in order for the ci location to be 

the same as the OU1pllt location. 

20 In pncdce, the optics used will bave to be engillf'#ed in wavelength units and wavelength 

mes. Most optical arrangemems iely on an averaging of energy from multiple points of the cross­

section of an input beam. Averasing of energy from these muldple points produces the &mmar 

sinusoidal interference fringe. 

If the amplifier is engineeied to include a large number of such points so as to. use the 

2S averqing principle, then it will have a wide bandwidth and will be able to function using a number of 

input frequencies. 1be oaqmt locations function as if a poup of comrollers wme placed side by side, 

each one using an individual ray set. 

In this case, the outpUt ·hole includes a large number of wavelength size locations. For slightly 

different phases and slightly diffemtt fiequencies, the ci location from each pair of input locatioDs will 

30 be at slightly diffelent outpUt locadons. If those ompm 10catiom happen to be within. the area of the 

hole, the energy will ompm. If they me nOt, it will DOC. 

Modem· optics is capable of operations at wave1qdl mes. WaveleD&lh size input beams and 

wavelength siz.e output holes will produce processes that opente considenbly diffemuly from the 

multiple-location averaging style of optics. 1be mom p:ecise the optics me, the 1110Je precisely phases 

35 and frequencies mmt be in Older for the ci area to bit the outpUt bole. 

Wavelength size pncision will cause a phase-modulated, sipa1 to oalpllt only when the phase is 

close enough to 180, at the first location, in order for the ci uea to bit the waveleD&lh size omput hole. 

1be ompm from an analog phase-modulalecl sipa1 would be a binary 01ltpUt chat occms only when die 

two inputs me euctly out of phase. 

f 
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If multiple frequencies m usec1,· the only ones that will be able to hit the outpUt hole will be 

those that match the waveleqth geometry so that the ci location is where the tiny hole is. 

As a leSUlt, each method and each device must be en@ineered to produce the type of amplifier 

needed. If a phase demodulator is to opente with an analog input, it_ will have to be of the avmged, 

S muldple location (broad band) type. If it is to be used in a binary circuit, then the single wavelength­

siz:e locadon (narrow band) type will work quite well. 

It is possible to produce a CODSidmble number of composite operadons by using a DUIDber of 

waveleDgth-siz:e comrollm having a common first locadon, bur separate ouqrut locadons; thus, a 

variety of signals m able to be handled all at once. 

10 A &equency division demuldplexer is able to be produced by inputing the beams from diffemtt 

locations ditected to a COllllllOD. location. Bach diffemlt frequency will produce its ci at a diffenm 

omput location. If each omput location has its own output hole in· the image· compoamt separatOr, a 

complex group of tiequencies in the input will be sepuated into separate outpUtS. Meanwhile, it will 

filter out any frequeDcies in between, because DO outpUt hole is provided for those freguencies, and DO 

15 marcmng input frequency is provided. 

If the comrol input is diRCted to a common 1ocadoa and a munber of power inputs ue used. 

each having a differem fmquency and a differem location, die geometry is able to be manaed so that 

the ci locations all match, producing a very accurate frequency-selectable filter. All fmqueDcies that 

match a power beam will have their ci at the common outpUt hole. All other flequeDcies will not. 1be 

20 difference between this maagemem and the broad band averaging arrangemmt is that each of the 

tiequeDcies that pass through the filter must match pncisely the frequency and phase of the power 

beam. At wavelength sizes, filters ue capable of providing the best selectivity of any known means, 

especially at light wave ftequencies and beyond. 

These basic principles of operation produce functions similar to the way elecuonic ttaDsistms 

2S pezfonn similar funcdons. As a leSUlt, the presem inveDdoa wamms the common name •phoconic 

ttansistors. • Even though the present invendon is quite capable of using .aoa-photoDic wave-iype · 

energy, photonic emtwtiinems m expected to become the most common in operation. 

39. 1be present invelllion provides the following advances in the art of photonics: 

a. A complete technological base for energy beam (especially photonic) compming using special 

30 imeJ:ferea:e. 

i. Blsic amplification, limiting, ·and clipping. 

li. Basic Boolean Josic. 
iii. Basic dmshold detecrioa. 

35 iv. Digital informarion storage. 

v. Fiequency and phase-seDsicive filtering. 

c. IDtercoDmcting means and method for imafacing energy beam compomms. 

d. A clear UDdelStaDding of energy beam operatioDa1 priDciples, including: 

i. Multiple beam mnnmjng for function imerfacing. 
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ii. Simulameous, nmlti-fiequency ~ 

iii. Energy beam ctifferemiadon. 

iv. Energy beam imqmdoa. 

v. . Regeaemive feedback. 

vi. . Phase iequi.temems. 

vii. Effect of maintaining one beam c:onscant. 
viii. Amplification. 

ix. Saturation. 

x. Cutoff. 

xi. Phase ieladonships among multiple input beams. 

e. Establish a basic matbem•rical theory of opendon for special interfemlCe, including its DOil-linear 

amplificarion dlaracteristics. 

f. Establish the technological and concepcual basis for the sim1Jlu111rms operation of multiple energy 

forms. 

lS g. More firmly establish a conceptUal basis for the use of energy beams to lccomplish tasks heretofOle 

ieserved. for electroilics, and tasks far beyond the capability of convemional elecuoaics. 

h. Establish the opeliticma1 similarities and diffetences between electtoDic ttaDsistor cilcuits and energy 

beam cin:uits so that.the common tenn "photonic uansistors" will be rigbdy applied to the piesem 

invemion. 

20 i. Establish the teclmolosical and concepcual basis for pmducing electton-wave elecUODic fmlctions. 

The fotegoing benefits of the piesem invemion will become clearer through an.examinarion of 

the drawings, descripdon of the drawinp, best mode(s) for carrying om the invemion, claims and 

abstract which follow. 
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. BRIEF DBSCltIPl'ION OF THB DRAWINGS 

1be invemion will become DIOle understandable upon the eraminadon of the following 

drawinp along with the deriiled description below. Please note that the energy beam angles and sizes 

ate eraggerated so as to provide clarity· of UDdastaDdins. 
S Fig. 1. Comroller using special imed'eamce. 

Figs. 2A thmagh 2E. Contmlliq LocatiOlls in five states. 

Fig. 2A. Co1drol1er using borh types of special interfemlce, baving borh input beams off. · 

Fig. 2B. Comroller using borh types of special intedeience. having one input beam on. 

Fig. 2C. Conttoller using fiat type of special ilderfeleDce, having the 2nd input beam on. 

10 Fig. 2D. Comroller using both types of special imerference. having both input beams on. 

Fig. 2E .. Comroller using secODd type of special inted'eience. having the 2nd input on. 

Fig. 3. Inverter having one input beam on. 

Fig. 3A. Inverter having both input beams on. 

Fig .. 4. Fiequency SpeCtrum Filtering. 

IS Fis. s. Cascaded Amplifiers. 

Fig. 6. Biscable Configmadon with Feedback. 

F"tg. 7. 1'hlesho1d Detector. 

Fig. 8. Summation Vectors. 

Fig. 8A. Tlueshold Detector input/outplt waveforms. 

20 Fig. 9. Feedback in Thmholcl Deteclm. 

Fig. 10. Schmitt Trigger inpur/ouqnu waveforms. 

Fig. 11. AND and OR 'IbleshOld Detecdon input/outpUt waveforms. 

Fig. 12. NAND Logic. 

Fig. 13. NOR Logic. 

2S Fig. 14. Bxclusive OR Logic. 

Fig. 15. Binary Half Adder Logic. 

Fig. 16. Qocked Bistable Logic. 

Fig. 17. Binary Digit Counter inpat/omput wavefmms. 

Fig. 18. Binary Digit Counter. 

30 Fig. 19. Binary Counter and input, ildermedWe. and OUtp(Jt wavefomls .. 

Ftg. 20. Oscillator Logic. 

Fig; 21. Square Wave OsciUitor/Schmitt Trigger Logic. 

Fig. 22. D-type Bistable Logic and input/output waveforms. 

Fig. 23. Denmltiplexers and Logic. 

3S Fig. 24. Multiplexer Logic. 

Fig. 24A. Multiplexer input waveforms. 

Fig. 25. Phase Lockina LoSic. 
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BEST MODB{S) FOR CARRYING OUT'INVBNTION 

1. The basic energy beam conttoller.· 

PCI/US95/16455 

The perspective view of Fig. 1 illusuates the preferred embodimem of the basic unit of the 
present invemion, an energy beam commller uriHnng iDterfereDce of either type as discussed in the 

S Disclosme of the Invemion above. It consists of a first beam set (1). of at least one beam.of energy and 

a second beam set (2) of at least one other beam of energy that are superimposed at at least one locacion 
(3). In this illumadon, one of each is shown, although •ai least one• means that in pracaice there are 

able to be ·many such locations and beams that behave as those illustrated~ 

When both beam sets are QD, they ime.tfele to produce an imerfereDce image having a di area 
10 at locadon (3), and a ci area at at least one other locacion (4). In this illustration two ci areas (4) are 

shown. Energy behaves the same in all areas of locations (4). Energy from the ci areas cominues on 

to provide an ouaput (S). Four rays or beams of the output beam set are shown in this illustration. f 
They behave the same and operate in unison.· 

. An image componem separator (6), in this case an opaque mask, prevenrs energy from location 
IS (3) from becoming a pan of the omput (5). 

When the optics are desiped to take aclvamap of the first type of special imerfelence, all of 
the energy from either beam (1) or beam (2), when on by itself, is .4irected to location (3) and stopped 

by mask (6), and output (5) is off. 1be optics do not direct energy from.~. beam towards location 
(4) or into output (5). 

20 1be input beams are oriented so that desUucdve ·imerfereDce coven the entire area where the 

beams anive individually, including location (3), when both beams(l) and (2) are on. If beam (1) is 
on first, and then beam (2) comes on, less dwa or equal to the level~ of beam (1), the total amount of 

energy in the di area, including location (3), is leduced by an &lllOUllt. equal to the level of beam (2). 

More than di occurs. The energy does not just go away. ~ law of comervation of energy 

2S requires that the energy which disappean from the di area must appear at .a ci &Jea, so dw an emire 

imerference image is formed. The ci areas are labeled as locations. (4). 

1be energy which is divened away from the di areas, such as locations (3) and into the ci 
areas, such as locations (4), includes energy from both beams (1) and (2). If the beams are of equal 

amplitude, then the amplitude at the locadons (3) will be mo, and all of the energy ~ both beams 
30 will appear at locations (4). Wbe.aever energy appears at 1ocatioDs (4), ii CQDrimies OD into output (5). 

. . 
If beam (1) is larger dl8D beam (2)? energy with an amplitude equal to the diffmence ~ 

(l)·and (2) Will appear at locations (3) and be stopped by image component separator (6). 1be 

amplitude of the energy diverted into 1ocadons (4) will be equal to twice the amplitude of the smaller of 
the two, in this case beam (2). All of the energy from both beams is divened away from the di 

35 locations (3) and iDto the ci locations (4). 

If the amplitude of beam (2) increases so that ils amplimde is smaer tban that of beam (1), the 

amplitude of the energy diverted by imelfereDce into output (5) is equal to twice the amplitude of the 

smaller of the two, namely, beam (1). The intensity of the energy, or power per unit area, is 
approximately equal to the amplitude squared. As a result, the imensity is four times as great iD OUlpUt 
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(S), is either of the input beams by dlemselves 11 locadon (3). 

To calculate the total amount of energy in output (5). one must also cake into account surface 

ana and time. Since the tw0 input beams ue the only soua of energy. the total amount of energy in 

ompm (S) does not exceed twice the ·amoum of energy. in the smaller of the tw0 beams. The fact that 

S the intensity is four times is greai merely iwticares that the emqy has been ccmcemrated into a smaller 

surface area. 

If beam (I) is held 11 a substamially constant level, and the level of beam (2) fluctuates,. or is 

modulated below the level of beam (1), ouqnu (S) will comain twice the amoam of energy that the!e is 

in the modulated input beam (2), Wlnnins perfect optics. 

10 The additional energy in omput'(S) is mnoved from beam (I) by imerl'erence. Since the level 

ofoutpat (S) is a·function of the level of the modulated input 11 beam (2), cnuput (5) comains an 

ampJified modulation envelope just like the modulation envelope of beam ·(2), only having up to twice 

the amount of energy. 

Since die power for this amplifier comes from beam (1). it is called ·rhe "~ beam" when 

IS the piesent invention is used is an amplifier. 1be modulated input beam (2) is called the •comrol beam" 

because it commls how much energy wiU be diverted from the power beam by imerfelence. 

If the level of CODl1'0l beam (2) rises above the level of die power beam (I), output (5) will 

hold steady at twice die level of tbe power beam. Amplification srops,· and the modulared waveform is 

clipped off. This occms because the output is equal to double the level of die smaller of the two beams, 

20 and in this case the level of the smaller power beam is constant, producing a constant owput. · 

How these component locations and beams imeract to produce a· variety of fuDctiODS ue able to 

be understood more flilly by examining rhe critical locations more closely. Figs. 2A - 2D ue an energy 

beam comroller of the first rype; that is, using the first type of special imelfereace. 

Four Sl8teS of the mon basic operation ue shown in Figs. 2A - 2E. Angles in the figmes are 

2S exasserated for clarity. In this discussion, "beams" ue sets of beams or mys that operate in unison is if 

they were single beamS. Such beam sets ue able to have makiple localiODs that behave in unison as 

described hetein. but dley all fililccion as depicted in chis close-up view. 

Two inpm beams (1) and (2), directed to a common location (3), along with location (4). 

output (S) and mask (6), ue depicted for four states. Fig •. 2A Slate shows the Slate ~ both input 

30 beams (1) and (2) are off, (is indicated bj the cross-hatch). Energy does not appear 11 any of the 

locations. 1bis null state is imporram and occms in many applicadons of the piesem invemion, 

especially digital applications. Output (S) is off. 

Fig. 2B state depicts the state when beam (I) is on and beam (2) is off. Energy does not 

appear at location (4), because the energy is pmposely not dkected thele. Mask (6) prevems.mqy 

35 from reaching output (S), so it is off. 

Fig. 2C Slate depicts the Slate when beam (2) is OD and beam (1) is o~. In this Slate, energy 

does not appear at locadon (4) because it is not directed tbeie by the optics. so output (S) is off. 

Fig. 2D state depicts the state when both beams (1) and (2) are on. The beams ue 

superimposecl so as ro produce destrucdve iDrelfeience at their common ,location (3). Marhemadcally 
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the two beams cancel; however, the energy in those beams is~ destroyed. Rather, the energy from 

both beams is divened away from location (3) and into location (4), where conmuctive imerfereDce 

takes place. As a iesult. the imerfeieace image in stare Fig. 2D covers an area that is diffeJem from 

the area covered in state Figs. 2A throqh 2C. ·Energy diverted to location (4) conrim~ on. past mask 

S (6), to produce an on OU1pUt at (S). · 

Beams (1) and (2) are able to be very small, even siugle mys as those that come from single 

pixels of a holognm. · Beams (1) and (2) are also able to be projected images produced by sets of 

beams or mys at· location (3) during state Figs. 2B and 2C, including those produced by holograms. 

During state Fig. 2D the images imeJ:fere to pmduce a new image which is able to bave multiple 

10 COlllpOlleilt parts Separated SO as to provide mnldple OU1:pUtS such as ~ (4). 

Beams (1) and (2) are also able to be component parts of complex, ndti-input dynamic images 

(images that change comimJously as·compmation proceeds._as within a photonic CQJDPUter.) As 

componems of more complex images, then Figs. 2A - 2E represem the operation of one set of locations 

among many multiple sets of locations. that opeme simultamously as diffelem componem pans of 

15 multiple complex imageS functioning in parallel. 

The image componem separatOr at 1ocadon (6) is able to be any optical e1emem positioned so 

. as to separate energy in one area .of die image from energy .in aQDdler area of the image. For 

simplicity. a mask is illusuared. It blocks energy that appears at location (3), but passes energy at 

location (4) to become the omput (S) in stare Fig. 2D when both inputs (1) and (2) ate on. . 
20 To produce a muinmm omput at outpDt (S), beams (1) and (2) DlllSt be 180 desi=s om of 

phase at location (3) (which is, of «:OmSe, a iequirement for producing di) and of equal sttength. When 

these conditions are ·met, all of the emqy from both beams will be diverted into the CODSUUCfive 

interference areas at locations (4), in phase, and on imo·output (S). When these energy ~ comollers 
are imercom:iected with Other componems, the carrier wave phasC!'I are compued to these two locations 

2S (3) and (4). 

The phase of an input beam is defined as beiJ18 ils phase at location (3) when on by iaself 

(unless otherwise stated.) As a msult, beams (1) and(2) are-CODSiderecl to be 180 desrees out of phase_ 

with each other in order to produce an output at omput (S). 

1be phase of an omput beam is defined as being the same as the combiDed phase of emqy at 

30 location (4). When two or more comroJlers, or other pbase-dependem componems, are imenx>nnected. 
their positions and opcics are engineered so that the needed phase ieladonsbipl will occur. For 

example, ·u the output of one CODllOller is directed into the iDpUI of another comroller, the two are 

located so that the output measmed from locadon (4) will provide the proper phase of energy at 

location (3) of die sncc=ing CODttOller in order to accomp1ish ils desip task. 

3S The precision of operation of Figs. 2A - 2E depends Oil tlJe ~ used in producing the 

optics used to produce it. If the tolerance is larger cbaD wavelengdl sizes, dm oporacion will generally 

be broad band. If the tolennce is in wavelqda sizes, narrow band operatiOa is facilitated. Broad 

band applications func1ioD die same as when many narrow band~. with Slightly diftmtt band 

passes, are operated in pmllel, that is. :when multiple precise 1ocadons (4) m cmeqy into OUlpUt (5). 

f 
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This is because the piecise (4) locations will be slishtly di1ierem for different fiequencies and phase 

differences. The more a desisn is able to single out pteclse (4) loc:adons, the narrower will be its 

bandwidth. 

2. Using the second type of special iDterfelence. 

5 The second type of imederence allows energy from one of the beams to appear in the output 

when it is on by itself, but DOt othelwise. In rhis case, also shown in Figs. 2A, 2B and 2D, swe Fig. 

2C does not occur; instead, state Fig. 2E occms. This type of intedemK:e is able to be used to provide 

ail amplifier by Using beam (1) as the energy-supplying power beam. However, such imederence 

camiot be used to produce the Boolean AND function or the gared amplifier. 

10 This is an energy beam comroller of the second type. Both broad band and mrrow band 

arrangemems ate able to be produced. 

3. Logical AND. 

A commller of the fust type will function as a Boolean AND. When beams (1) and (2) are 

modulated with binary information, energy will appear at locadon (4) and move OD Duo output (5) only 

15 when both beams (1) and (2) are on. When either of beams (1) or (2) is off, owput (5) is off. 

In terms of amplitudes, when the smaller of the two input beams ·is zero, die oaaput that equals 

twice the smaller one is am>. 

3. Amplification. 

If one of the input beams such as beam (1) is kept on at asubsamdally consram level and the 

20 second beam (2) is analog-modulated, the energy divened into the omput will be greater than and 

proportional to beam (2). Because energy from both beams appeus in the omput (5), output (5) 

~ an amplified venion of the modulated input at beam (2). As a nsult, the maximum amount 

of energy, when both beams ue equal is the combiDadon of bodl beams; namely, twice the level of 

beam (2). 

25 Energy for accomplishing amplificaDon comes from the constam power beam (1), and is 

detennined by the moduJated comrol beam (2). . . If the comrol beam (2)' is binary. the output (5) will 

also be binary, at up to double the· level of beam {2)~ 

Mme is nccnrring heie tbaa the simple changing of amplitude· such as occms when a beam of a 

cenain cross-secdon is focused onto • small spot. Beam (2) has a mOdulated envelope with a ceitain 

30 maximum amount of energy. This is able to be mpiesemed by the actual amplitude of the.beam. 

The power beam (1) also comaiDs energy, aiJd has an amplitude greater dim or equal to that of 

· the ~· input beam (2), bat carries DO infonnation. lmelfereDce causes energy from both beams (1) 

and (2) to be diverted into the output (5) only when beam (2) is on. and in piopordoa to beam (2). 

Since all of the modulation changes in beams (1) and (2) appear in the output (5), the omput (5) will 

35 comain information only from beam (2) simply because only die comrol input at beam (2) bas any 

information. 

The modulated ~·in fhe·ouq;ut (5) has up to twice the amount of energy- not just 

amplitude - as the control input (beam (2)). As a iesuk, the acdon of the present invention truly is 

amplification and does not have a residual outPut level when the control beam is off, as do the emrsy 
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beam amplifiers of the prior art. 

Either type of special imerfelence is able to be used to amplify. If the second type is used, 

beam (1) must be the power beam, as its energy does not comribute to ouqnu (5) when the comro1 

input (beam (2)) is off. 

5 4. Oadng. 

10 

If the fiiSt type of special i:nrerference is used, then either input is able to provide power 

because they bocb. wort the same. AdditiOJlllly, tumiDg offtbe power beam (1) pievems any feed. 

through of energy from beam (2). This peimits the amplifier to be pted off by simply tumiDg off 

beam (1). 

s. Limidng. 

The level of the conscam power at beam {1) establishes a cenaia saturation level. Generally that 

level is equal to the. level of beam ( 1) (depending OD the optics used). 

When the comrol beam (beam (2)) is below the. satmad.on level, the modal-' iDp1u of beam 

15 (2) is amplified in the output (~). Above that level• all of the energy available for diversion U.0 output 

(5) bas been diverted. W'lth no more energy from beam (1) available, iDcleasiDg the level of the 

comrol input (beam (2)) is unable to cause more energy from beam (1) to appear in the output (5). As 

a ICSUlt, the piesent inveDlion fuDctioDs as a limidng amplifier. 

As with its e1ecuoDic coumerpan, noise or Olber irregularities are able to be clipped off of die 

20 modulated envelope. ·How cleanly it does this depend$ on the opdcs used. Heavily over4ivin8 a 

device is able to cause leakage in some cases. Ceminly, if the second type of specjal iDterferellce. is 

used, tbele will be leakage by design. hlcleases in input level above the sacmadoD level that do leak 

through will not be amplified, but will be atrenuited by the mask (6); which pievems some of the 

. excess energy ftOm reaching ompm (5). 

25 ImperfeCt optics may dilect some oftbe input energy from·beam (1) to some location whemby 

the llttedemice is unable to divert that porrion of the energy iDao. the output (5). Such energy bas 

simply been made unavailable for diversion by die optical arraqemem. 

6. Inverter and NOT. 

When destructive. imerfclea:e tabs place at 1ocadon (3). of an amplifier, the energy &om bocb. 

30 beams is diverted to the ueas of CODSUUCtive imerfelence such as 1ocaDoD (4), which iemoves energy · 

from location (3). Figs. 3 and 3A show a modified amqemem wbeieby mask (6) bas. been :repJaced 

with mask (7) (Shown in cross seccion,) that bas a bole in it at location (3). 

Energy diverted imo ouqnu (S) is directly proportional to the comrol input beam (2). As a 

iesUlt, output (S) is called an "UDinvenecl" output. Energy that pesses duoagh location (3) imo outpat 

35 (8) is inversely ptOpoltioDal to the comrol input (2). As a :i:esult, output ($) is called an •inveaecl• 

omput. 

The ma-rinmm UDinvened output (when the comrol input is smaller dlan the power hltJu:t) is 

equal to the power beam that simply passes du:oagh imo ouqu (8). As a nsult, tbe-uninverted output 

is not amplified. 
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H the amplifier is driven imo satmadon. the excess enqy that is not diverred imo .the 

UDinverred ouqnu (S), exits via omput (8). 1be ouqnu phase cbanges dependhlg on the input levels and 

phases. This aspect will be covered below in.gieater detail in the discussion on threshold detection. 

If the comrol input (2) of this inverter is modulated with binary information. dlen chis 

S arrangement perfonns the losical NOT fuDcdon. 

7. Phase demodulator and compaier. 

Next is an exanrinadon of how the present invemion opentes siven changes in phase and 

frequency, reference to either Fiss. 2A - 2B or 3 - 3A. 

The present invend.on is very phase-sensitive. The opcratioDal phase is established by the 

10 constam power beam of an amplifier simply because it is nmnodgJated and serves as a refmeDce beam 

to compue other beams to. 

To produce a muimum omput at omput (S), the input beams (1) and (2)) m.ust be eucdy 180 

degrees out of phase at location (3). Any other phase diffemlce, peater than z.ero, will reduce the 

energy \eve! at location (3), and iDClelSe it at location (4) in proportion to the phase ~ between 

IS beams (1) and (2) in a broad band ammsement· As the optics are made more piecise, and especially as 

consauction accuracy nears waveleJllfh dimensions, devices are able to be built so that energy that 

arrives between locations (3) and (4) will be blocbd by the image compmem separator. multing in 

narrower bandwidth and sharpening of the phase seJecdvity of die device. 

ff the comrol input beam (2) is in-phase with power beam (1) at location (3), CODStrUCti.ve 

20 rather than destructive imea:feremie will occur at location (3). In that case, no energy will be diverted 

to location (4), and output (S) will be off. Amplitude cbanges in the comml hlput beam (2) will DOt 

feed through to ouqnu (S). 

Phase modularing the comml (beam (2)) produces an amplitude modulated outpUt at output (S). 

If the optics_ are very broadband, allowing energy from the space between locations (3) and (4) to emer 

2S ourput (S), a sliabt phase-modulated componmt will slip duoqh into omput (S). However, nmow 

band opdcs will allow emqy to m imo ompm (S) Ollly from locadom such as 1ocalion (4) where 

complete eonsttucdve iute1faace occUrs, and the energy from both input beams is in-phase. 

H the comrol. beam (2) has both phase and amplitude componems, output (S) will comain an 

amplitude-moduJated combiDation of bodl the amplitude-modulated pan and the pbase-modul8ted pan. 

30 As a mult, the highest-level oucpat iesulting from demodulating the phase cbanges is also affected by 

the amplitude of the input. 

As a result, the presem.invemion is able to be used as a phase demodulator by phase 

modulating the comrol beam (2) of an amplifier. 

The phase demodulator actually compares the phase of beams (1) and (2). Hone is a CODStaDt 

35 standard, and the other is phase-modulated, the omput is demodulated imo an AM sipal. If both 

inpms are pbase-modulatecf, the OU1pUt will be of a high level when the two signals are out of phase, at 

location (3), and at a lower level when they are in phase. Since CODSttUCtive immfmence occms at 

location (4), the phase of the output at omput (S) will be the common phase between diem. 

Output amplitude of broad band desips will vary pmponionately over the full range of phase 
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differellces. Narrow band desips will vary pmportioDarely, only oVer die bandpass range. 

8. Multi-frequency opendon and active filtedq. 

Each CODtto1 sipa1 iDpuaecl to beam (2) tbat is to be amplified must have a matching power 

beam (1). In order for imelfennce to iate place and amplificadon to ~· the power beam (1) must 

5 comain energy at the same frequency as die informadon to be amplified in die comrol {beam (2)). 

Ci is producecl at sligbdy diffmem locatlons for each frequency (like the colon of a rainbow). 

If die outpDt Openings a large enough at 1ocadon (4) to accommodate a large number of precise 

frequency locations, then die device will tmmon in a blOad-baDd iJaumer. Ifit is designed to only 

allow through energy at a small number of frequency locations, then the device will be narrow-band. 
10 If the comro1 input beam (2) is provided widl emrsy baVing multiple wavelqlbs, imerfeleace 

will occur only widl those frequencies chat appear simultaneously in both iDpurs. {Not CODSideied a 
hannonics, heterodyning and the use of special materials; which _me also able to be used widl the 

presem invention.) 

As a iesuit, the piesem invemion·Ope!lteS as a very sharp filter. If a freqilencY,-multiplexed 

15· beam is provided, it is able to~ used ti> pick out informition tbat·matches each power beam frequency 
and amplify it, iporing a11 ·ofhet frequencies. if the fiJ:st type of imerfeJence is used. If the second type 

of imelference is used, the matching bqueDcies will be amplified and die otbelS will be attenuated; 

In the case of light, a single color is able to be extracted, so that any informadon cmied by it 

is able to be examincod. Given die phase and frequency sensitivity of the piesem invention, microwave 
20 and even visible pardons of the specl:l'DID are able to be divided into channels as narrow as the audio 

clwmels in the radio bands. Naturally, the degree of separation possible also depends on the ability of 
the optics to produce staDdald power beams chat a exuemely pure. 

If the power beam (1) is supplied with energy baVing two or 11101e frequencies. the output (5) 

will comain amplified signals extracted from a widHaad iDpm chat much die combiDacioD of 

2S flequencies iii the power beam (1). while iejeclina all otbelS. If the power smuce, such as a laser, 

happens to have ·lines at seven1· nearby wavelqtbs. they will often be modu•ar.ed in UDison. If rbat is 

the case, the piesem invention will also amplify them in unison, if they are within the design bandwidth 
of the active filter used. 

Fig. 4 shoWs cbree example spectrums of a broad band energy beam amplifier. The power 
30 input labeled with its beam number (1) has five frequencies. (Pl) duough (P4) have die same level; 

{PS) is smaller. The comrol input labeled with its beam number (2) bis 10 input tiequeJlcies at various 

levels. 

Using formulae 3, above, die outpUt amplitude during amplificadon is: 

if (1) > (2) then 

35 8'CXBblaldc.;.m> - 2ic-n lapal) 

And, during satmadon the output amplitude is: 

if (2) > (1) tben 

l(Cllllblaldampat) - 2ac,..· ..... 
If die power input - o ac me frequency in quesdOu, the combined outpUt (5) - ·o 
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The combined OU1pUt shown in Fig. 4 bas only tluee si.pals. This is how they are derived 

using die formulae above. 

1. Cl, C3, C4, C6, C1, C9, and ClO have no matching power beam and, consequendy, DO 

marc:bins Olllpllt. These fRquencies are filte!ed out frorii OU1pUt (5); however, they will appear 

5 in the inverted OUlpUt (8) if it is available. 

2. C2 matches Pl, producing omput 01 twice as large as C2. 

3. CS matches P3, producing output 02 twice as large as CS. 

4. CS marches PS, producing output 03 twice as large as P2. Because C8 is.larger than P2, the 

amplifier is in satmadon at this frequency. If the second type of special imerfemlce is used, 

10 limitins action oc:cms, as with formulae S, and will not clipped at the P2 level. 

5. P4 finds DO match in the comml input, so that no owput is produced at this frequency. 

However, because it is a part of die CODStaDt power beam, it is mdy and waiting for a 

marching signal to show up in the CODttOl input. 

Note that the amplifier is able to be in saturation at om &equency and at cu_t0ff at aDOther 

15 ftequency simuJtaneovsly. 

Each of the frequencies produces imelference, and die iesulting iDterictlon within the present 

invention, in all its forms, completely iDdepeDdelltly of the other fiequencies. The exception is when 

two frequencies are so close rogerher that imerfeleDce does occur between the two. In dJat case, a 

cascade series of amplifiers, each having a sligbdy diffemtt frequency in succession, will allow 

20 information phase- modulated into the first of the cascaded amplifiers to successively transfer 

information to higher and higher (or lower and lower) fiecplelaes undl the information bas been 
-

successfully trans!emd from one frequency band to another. 

Another exception is the imet:fmence of one frequency with its barmonics. This effect is also 

able to be used in the piesem invemion for traDSfe.rriDg information from one base frequency to 

2S another. 

~ a malt of independem ope.radon _at each flequeDcy, every one of die means, methods and 

appuams of the piesent invemion are able to be opemted in a maid-frequency mode, whether they are · 

binary flip flops, cascaded amplifiers, limiten, or other devices. 

Cerrain physical materials are able to ieact to various ftequencies so that their cbaracteris1ics 

30 change in such a way that the change affects other fiequeDcies. Such materials are usable to divide and 

maldply cmier wave bquencies. By including such materials as the energy traDsmissiop. medium 

within the pment invendons, the clmacrerisdcs of the medium affecr i.nrerfelem;e, For example, if P4 

is twice the frequency of Cl, a fiequeDcy doubling medium will cause imetfelence to take place so as 

io produce a modulated omput at P4 and possi'bly twice P4 and Cl, depending on the material. 

3S N~ve or inverced filtering is also able to be accomplisbecl with the pmsem invention. Th_e 
inverter of Figs. 3 and 3A dilects energy away from OUlpUt (8) when a frequency match oc:cms. As a 

malt, ompm (8) will be similar to the comml input beam (2), but lackiDs the frequencies that find an 

equal maccb. wich the power input beam (1). If they are UDeqUll, the difference amplitude will ~· 

The following section relates to the interfacing of energy beam amplifiers and the various 
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9. Cascaded amplifim. 

Fig. S shows three amplifim connecred in a cascade series. Beam (9) is the comrol beam of 

the first amplifier, and beam (10) is its power beam. Locacion (11) i~ the equivalem of location (3) in 

5 Figs. 2A - 2E, where desttucdve imelfemlce takes place when both beams an on. Energy is diverted 

by imerfeleDce to beam {12). An image component separator (11A) blocks energy at locarion (11) and 

allows it to pass into beam {12) and on to locadon (13). The maximum amount ohmPlification from 

this fust amplifier is double the level of power beam {10) when all of the energy from beams (9) mid 
(10) an diverted to beam {12). 

10 The second amplifier is at loCadons (13) and {14). Power is supplied by beam (IS). Again, 

when beam (12)·is on, di occurs at location (13)• and ci occurs at locadon {14) by the divenion of 

energy from beams {lS) and {12). The image component sepamcor {13A) at location {13) prevents 

energy at locarion (13) from reacmq locltion (16), while permitting enersY from location {14) tO pass. 

The maximum amplification at this srase is twice the nm:inmm of beam (12) when the level of beam 

lS (IS) is sufficiemly high. As a result, when beam (9) is at muimum, location (14) mmajns enersY 

from beams (9), (10), ~ (IS) for a muinmm level of 4 times beam (9). When beam (9) is off, no 

imerfeleDce occurs at location (11), so beam (12) is off, caw1siq beam (14) to be off. As a result, beam 

(14) is controlled by beam (9). 

The third amplifier is at locations {16) aDd (17). The nm:imum amount of amplificadon here is 

20 twice the maximum of beam (14), so beam {18) is set at 4 times beam (9). When beam (9) is at 

maximum, di at location (16) causes the enersY flOlil beams (18) and {14) to be diverted. to the ci 

location (17), which passes directly to the omput (beam (19)) of the cascade series. An image 

component separat0r (16A)° prevents emrsY flOlil location (16) from passing imo ouaput (beam (19)), 

while allowing energy diverted imo location {17) to pass imo the OUlpllt (beam (19)). As a n:sult, 

25 output beam {19) c.ontains enersY from beams (9), (10), {lS) and (18), for a total energy 8 times that of 

beam (9). When beam· (9) is off, beam (14) .iS also off, which causes beam (19) to be off. 

The OUlpllt at beam (19) is completely comrolled by beam (9). Since beams (IS) and (18) are 
larger than beam (9) and are either diverted or not diVerreci imo output (19) by imeifaeDce beiDs 
controlled by beam (9), beam (9) is comrolliDg the Jarge beamS. Naturally, one is able to add as many 

30 amplifim as needed so that a small beam .iS able to control very Jaqe beams. The process is analog in 

nature, but is also able to operate wich binary signals by using either high or low input sisnaJs input to 

beam (9). 

Usina the first type of special imerference, shnnjq off any of the power beams (beams (10), 

(IS) or {18)) shuts off output beam (19). As a resultt this embodiment of the piesent invention is a 

35 pted cascade amplifier, also called a gated avalanche amplifier since a small input causes energy to 

avalanche. through the artaD8emem aid into die outpat. ·· 

Usina the second type of inlerference, shuuing off any of tile power beams reduces the total 

ompm at beam (19), but does not terminate the oulput because of feed-through of the comrol beams at 

each Sfase. Only beam (9) bas comp1ere comrol of the series. 
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All of the featmes of the. iDdiviclual amplifielS apply also· to the cascadccl amplifims. All of the 

amplifim within other amnpments disclosed in this application ue able to be replaced with a cascade 

series. 

Using the first type of interference, if any of the amplifiers ~ driven into saturadon. the series 

S is effectively in saturation. If multiple ftequeacies ue used, all of chem will be amplified, but if om is 

miJISing in either the CODllOl beam or the power beam, the missing om will not be amplified. AD.y of 

the amplifiers, other than the filSt om, ue able to be fitted with an inverted ouiput, or ouqu beam 

(19) is able to be directed imo an inverter. In this way, an amplified inverter is able to be produced. 

Many imetesdng and useful amnpmems ue able to be made when the power beams have 

10 differing cllaracteristic. For example, if each power input bas multiple frequencies with diffelent 

amplitude distributions for the diff'elem power inputs, then the subset of those flequencies that have 

common cbaractelistics will be selected out, as each stage acas as an active tilter, allowing to pass only 

energy which it has been designed t0 pass as shown in Fig. 4 and described in section 8 above. 

Similarly, when one of the anangemems is DUJOW-band and the odleJS ue ~-band. the · 

IS total bandwidth will be dlat of the narrow-band amogement. 

10. Multi input AND. 

In the cascade amplifier above, the power beams, as well as the comolling input beam (9), ue 

able to be provided with equal energy levels. Using the tint type of ~ imerfelm:e, shutting off 

any om of the inputs shutS off outpot beam (19), iesuldng in a multi-input AND. 

20 The means and method of mnnecring comrollm to other m:rgy beam devices, including other 

comrollers, is also illusttated in Fig. S. In order to operate, each OU1pUt, such as beam (12), must have 

a frequency. a phase, an amplitude, a cross-section, an energy level, beam dinclion(s) and CODSisteDcy 

and, if modulated, a timed modulation envelope. Bach snmwling device, such as the nm amplifier, 

location (13) and beam (14), bas the samueqairemems. 

2S In Older to ~ mulriple devices, the imercmmeclion optics must tab into accoUut all 

of the ~· If necessary, additional opdcal elemmlts ate able to be added becweea the various 

locations and/or beams, such as between beam (12) and 1ocaDon (13), to conect any problems and to · 

match the OUlpat of om amplifier to the input of another. 1be same is true when very: complex images 

ue used that essemially imesrate a large number of these basic devices operatin8 ·in puallel and in 

30 series with other panllel devices. 

11. Feedback., Bistable arrmgemenrs. 

Fig. 6. shows how to include a feedback chcuit in the piesem .invemioD. Beam (1) supplies 

energy for the amplifier. Image component separator (6) pieveldS energy dJat bas not been diverted by 

Uitedeience from emering the output (5). When the comrol beam (beam (2)) is on along with the power 

35 beam (beam (~)), di OCCU1S 81 locacion (3). and ci OCCUIS at location (4), iesulting in output (S). 

As outpU (S) is able to be picked up at makiple locatioDs, a po?tioa of outpat (S) is iedirected 

by opdcal elemenls (20) and (21) sudl as mirrors. This beam nemers the ampHfier as another control 

beam, die ·•feedback beam• (22). It is oriented so dlat the leedbact energy is in phase with the .comrol 

beam (beam (2)) and out of phase with the power beam (beam (1)). 
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Initially, ouqu (5) is off. An input pulse· of the comml beam (beam (2)) is amplified. A 

portion of the ouqnu· feeds back into the input in phase with this CODU01 beam (beam (2)). Regenerative 

feedback causes the ouqu (5) and the feedback beam {22) to increase suddenly. How much it increases 
depends OD how SU0Dg the feedback beam (22) is. 

S If the feedback beam (22) is a small portion of owpat (S), •mplificidon will be enhancwf, just 

as with its electtonic coumerpart. If a large ·portlon of omput (5) is used for feedback, the omput (5) 

will increase suddenly to the point of saamtion. 

At diis point output (5) is on; what happens when that input pulse lm'DS om If feedback beam 

(22) is Only enough to enb•nce amplification, the ompm. (5) will be ieduced to its lowest owput level. 

10 If feedback beam (22) bas driven output (5) to the point of saturation. then output (S) will remain on. 
making the armgemem bislable. Comrol beam (beam (2)) is, as a iesult. a "set" input. Pulsing either 
the feedback beam (22) or the power beam (beam (1)) off lll()DJCDrarily will ieset the arrangement. 

This amqemem·is very·sensitive. It is able to be built to respond to a single photon. As a 
Jl!SUlt,. it is able. to be used as a very sensidve &equency- and pbase-sensitiVe energy ~. 

15 For most digital applications this energy beam cilcuit may be too sensitive. In order to be able 
to comml its sensitivity, the process of level detection needs to be disclosed.. 

12. ThRshold detector. 

Fig. 7 is a threshold delector using an input summing stage and a phase defector using an 
amplifier. The' threshold detector takes advamge of two important processes: energy beam sinrnning 

20 and the phase filtering and sensitivity of energy beam amplifim. 

The cross-batch in this drawing helps to idemify the beams, but whecber it is on or off depends 

on the ielarionsbips described below. 

Energy beam Amnning .is ·a very imponam ·concept of imerfaciDg . energy beam sipals that 

have various switching times and amplitudes. Summing occurs at location (23). The muhiple input sum 
2S image is separated, just as other images are sepuated. In diis ca.. mask (24), shown in cross-section. 

permits Only energy from the nmmiq locarioa to be uansmiued into beam (2). of the amplifier. · 

For most applications. inputs (25) and (26) ile 180 depees out of phase with each other. 

When 11101e inputs m idded. they will have one of these two pbases, and not some phase in the 

middle. The reason· for this is shown in Fig. 8 

30 Fig. S shows four vector graphs. illustratiDg four possa'bilities of the sums of two energy 
vecton. The geneia1 fonnula uses the standard vector triangle (SA), CombiDatiODS of any two vectors 

(sides of the iriaalJe) produce the third. The lqdl of the mow is its amplitude. and its angle from 12 
o'clock venical is the phase angle, with straight up represmring 0 phase. and straight down 
·iepiesenring a phase of 180 degrees. 

3S By maimaining the phase ielarionsbips of the input beams (25) and (26) of Fig. 7, so their 
phase ~onsbip is either 0or180,. the sum at summing location (23) will be.repnsCmed by gllphs 

(SB). (SC) and (SD) of Fig. 8. Because the input phase angles m eitber in or C(>mpletely out of phase, 

the vector uiangle degeilerates imo a scraight line. The sum will have the phase of dae larger of the. 

two and an amplitude equal to the diffetace between them. 
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If one beam is kept ai a constam amplitude and the otbei rises slowly from mo, the comtani 
beam will initially derermine the phase of the sum (SB). When the beams m equal, the output 

amplitude drops to mo (SC). When k becomes larger dWl the ccmsram beam, the output will suddenly 

shift phase (SD) so as to match the gieater of the two. 1bis sudden phase cbaJJge that occurs even with 

S a slowly changing input is the basis for level or dueshold deteccioll in the pr:esem invemion. 

In Fig 7, beam (26) is called the "duesbold-conttolling beam." It is held at a substamially 

constam level. That level determines the dmshold which will be detected. Beam (25) is called the 

"trigger beam• because it will trigger the oatpat (S) when its level rises above the dueshold. 

When beam (2S) is off, the sum at mnming location (23) has its phase dearmlincd by 

10 dueshold-conttolliug beam (26). The separated energy is directed into beam (2) of an ampJ,ifier having 

a power beam (1) held at a substamially comtant level, as described above in' the discussion of 

amplification. 

By seuiDg the path length properly, the phase of beam (2) at this time will drive. the phase 

detecting aq>lifier into cutoff by produciDs COllSl11ICtive imerfmm:e at location (3) •. mulling in no 

1S energy at location (4). Output (5) is off. 

It doesn't matter what tbe sum at smnmjng location (23) is. As long as it produces a sum 

having a phase equal to the duesbold-conttolling beam 26, output (5) will mnain off. Compare energy 

level (SB) of Figs. 8 and SA. This means that, as input (2S) rises, it is able to tlucawe in any mmmer 

below the threshold without ch~na outpUt (S). 

20 The graph at Fig. 8A shows how the trigger input is able to tlucauare below the THRESHOLD 

without amsing output (5) to cbaage. ·When the trigger beam (2S) equals the tbresbold-comrolling 

beam (26) as shown at (SC) of {OUTPUT (S)) leJllliDs off because the amplitude of beam (2) is zero. 

When trigger beam (2S) rises above the threshold (SC), beam (2) is of the proper phase to 

produce an amplified (OUTPUT (5)) at (SD). 

2S The result is a very seasilive ~lei detector with an adjustable dm:shold. The dmsb.old is 

able to be adju.sred saadcally or dynanrirally by cJuml:ing the level of beam (26) or by providing 

additional· inputs to summing locadon (23) that me either in phase with the tbresbold-comrolling beam 

(26) or in phase with the trigger beam (25). · 

13. Schmitt trigger and Set/reset Bistable mangement. 

30 The duesbold detector is able to be made bislable or into a schmiu trigger, by the addicion of 

· feedback. Fig~ 9 is a dllesho1cl detector like F'JS. 7, with the addicioa of two ID01'e inputs to the 

summing locadon (23). 

The cross-hatch in this drawiDa helps to ideDlify the beams, bat wbedler a panicular beam is 

on or off depends on the relationships descn'bed below. 

3S A porcion of output (S) is dhected using any convenient opd.cal system such as minors (29) to 

provide the feedback input beam (27). Beam (27) anives at !!l1ftllDing loc:ation (23) OQt of phase with the 

threshold-conttolling beam (26). 

The progress of its operadoii is illusuared in the graphs of Fig. 10. 

Initially, oatpat (5) is off, and power beam (1) and the dneshold-coimolliDg beam: (26) m on. 
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Trigger beam (25) comes <>Ii at a level which is less than die level of beam (26), and adds algebraically 
with beam (26). The tbreshold bas not been mdled (as described above for die duesho1d detector~) so 
the phase detector at localions (3) and (4) remains cut off. 

The rising level of trlgger·beam (25) R8Ches the threihold,."and Output (S) begins to tum on. 

S A portion of Output (S) is dincted to beam (27). Because it is in phase wirh the trigger beam (25), it 

produces iesenmDve feedback, which forces the phase detector into, or closer to saturation. As a 
result~ Output (5) is fillly on. 

Whether the arrangement is bistable or schmitt trigger depends on the level of the. beam (27). 

If it is smaller than·the·thieshold-comrolling beam (26)1·the mangemem will be a schmitt trigger. 

10 When the trigger iiJpuc goes below the threshold, the threshold will be reached, the phase at s11rnming 
location (23) will. reverse, and the phase detector will go apin inro cutoff. 

If the feedback beam (27) is larger than the cbresholckomrolliDg beam (26) the arrangement is 

bistable. When the trigger beam.(25) goes off, beam (27) will still have enough energy to mainrain the 

energy at summing location (23) above the ·tbreshold. Trigger beam (25) is then abl~ to be called a 
15 • set• input. 

To i:eset the arrangement beam (28) is added as a ieset input. An energy pulse in beam (28) 

arrives at 11umnjng location (23) in phase with the thresholcl-controlliDg beam (26), raising the 

tbleshold above the level of the feedback beam (27), mrersing· the phase at smnming location (23) and 

fmciDg the threshold detector off. 

20 14. Multi-input AND and OR, and fuzzy logic element. 

Fig. 11 shows how, by using either Fig. 7 or Fig. 9; a multi-input AND is able to be made by 

setting the threshold level as needed. The tlnesholci-coldlling beam (26) is set ·SO that the tlueshold 

marches the type of opention desired. In Fig. 11, the AND THRESHOLD shows how the tbleshold is 

set just below the m&'!Eimum sum dJat occurs when all of the trigger inputs me on, in this case beams 
2S (25) and (28), beam (28) being in phase with beam (25). Since all of the trigger inputs have to be on to 

reach the dlreshold, and as .lllllD}' trigger inputs as one wams aie able. to be added to the amngemem, it 
functions as a multi-input AND. 

If the threshold-controlliDg beam (26) is set low, so that the ·threshold is ieached when any one 
of the trigger beams comes on, the OR THRESHOLD bas been ieached and ourput (S) turns on. This is 

30 a multi-input OR. 

If the mangemem of Fig. 7 is used, the levels of all of the input beams ate able to be set so 
· that satm8tion occurs with the addition of any beam that puas 51umnjng location (23) above the 

threshold. If the amugemmt of Fig. 9 is used, *'-its inputs ate set so dlat it functions as a schmitt 

trigger. 

3S Since the dllesboid is able to be set anywhae between the AND THRESHOLD and the OR 

THRESHOLD, die anangemem is able to be used in fuzzy logic and uemo ~try. The dlreshold­
commlling beam (26) is able to function as an adjustable •weight• input. 

15. NAND. 

Having the basic· conttoller c>peradon shown in pievious fismes, IO~· iDtelCcmnectiom ate able 
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to be depicted using convemioDal losic symbols having 1abds to inatcb. the beam positions used. ~ 

duplicate Dl1DlbelS are used in all of the lOsic diasnms of this specificacion. they refer to the beam 

types as described in Fip. 2A - 2D, 3, and 3A as they apply to the iDdividual losic element. For 

eumple, Fig. 12 shows ID ANi> symbol with a (S) oatpUt dilected imo ID inverter symbol at beam (2). 

S The AND symbol refels co the amnaement of Fip. 2A - 2D, and the inverter symbol- refels to the 

arrangement of Figs. 3 and 3A. Of comse, cascade arranaemmtts ue able to be used as described in 

section 9 above. 

Fig •. 12 shows the~ diagram of a NAND. (30) is an AND as in Figs. 2A - 2D. (31) is an 

inverter as in Figs. 3 and 3~. however, the inverter shown in U. S. ·Parent S,092,802 will also work as 

10 this inverter. Input (1) of inverter (31) is provided widl a power beam (P). (30) provides the AND 

function OD the input sipals (NANDl) and (NAND2), and (31) performs the NOT function to produce 

the NANO fimction output at (NAND3). 

lS. NOR. 

Fig. 13 shows the logic diaamn of a NOR. Two invertels (32) and (33) ue provided with 

lS power beams from (P). Inputs (NORI) and (NOR2) ue invened before emering AND (34). Tbis 

produces a NOR ompat, (NOR3). 

16. XOR. 

Fig. 14 shows the logic diapam for an XOR that does not cliaDge phase in ics output as does 

the prior an Bxclusive OR. (XORl) and (XOR2) are iDpU!S to a S1unnring locadon (35). This sinnnring 

20 location opemes just like the snmming location depicted in (~). (SC), and (SD) of Figs. 8 and 8A and 

location (23) of Fig. 7 and Fig. 9. 

The summing locad.on (3S) piocQ;es a biphase output whenever XORl or XOR2 ue .on by 

themselves. The ompu of Pnnnring locadon (3S) is dilected to two ANDs (36) and (37), which 

function as phase deteclors. Akhough die AND symbol is used, the second type of special imelfelence 

25 is able to be used in this ima~. 

A CODStaDr power beam is supplied to AND (36) from P. Power is also supplied co AND (37); 

however, it is fint pbase-sbifted by 180 degrees by phase shifter (38). This phase shift is able to be 

accomplisbed by an opdcal elemem, or by simply posidoning the compmats properly. As a result, 

when XORl is on by itself, AND (36), itcdng as a phase derector provides an omput, and AND (37) 

30 does not. When XOR2 is on by itself it is 180 degrees out of phase with XOR1, and so.is the output of 

summing location (35). Now AND (36) is cUt off, and AND (37) provides the omput. 

Having sepamted the two phases, they ue now able to be bmusbt back togelher. 1be output of 

AND(36) is pbase-sbifted by 180 degrees by phase shifter (39), or posidcmal process. 1be outpU1S of 

AND (37) and the pbase-sbifted AND (36) are brought together at another mmnring location (40). 

35 'Ibis provides an XOR. ompui at XOR3 tbat produces the same owpat phase regardless of wbetber 

XOR.1 or XOR2 is the XOR. that is on by itself. XOR3 is off if XOR1 and XOR2 ue on or off 

together. 

17. Binary Half Adder. 

The binary ba1f adder is shown in Fig. 15. The Exclusive OR. of Fig. 14 is shown using 
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convemioml XOR symbol (41). The two inputs (42) and (43) are· apponioDod imo bOth XOR (41) and 
AND (44). The Ex~ OR provides the SUM ouaput, while AND (44) provides the CARRY 
<>Wpul. 

18. Cocked Bisrable. 

S Fig. 16 shows the logic diapam for ctocting·an emigy wave bislab1e devi<le {FF). (FF) is a 
bisaable arrangemem Slich as the one shown in Fig. 9. Beam (2S) provides a set pulse. and beam (28) 

provides the r:eset pulse. 

In orcter to produce set and r:eset pulseS of the proper timing. die ci.K Clock input pulseS have 

to be directed filst to the set input beam (25) and then to the reset input beam (28) of {FF). 

10 POwer is provided to flip flop {FF) as shown in Fig. 9. Inidally,. (FF) is r:eset, and owput (S) 

is off. InvCner (47) is po\vemd by a~ from (P). Its outiJut is on. enabii'ng AND (46). 

The pulseS imo CUC are directed to ANDs (4S) and (46). Thme is as yet DO energy coming 

out of delay line (48), so AND (4S) is disabled. The mst pulse from (CLK) passes through the enabled 
AND (46) and secs die flip flop (FF) duough beam (25), taming OD OU1pUt (S). 

IS A porti<>n of OU1pUt (S) goes through delay path (48). ·Bebe eneriJ· exits delay path (48), this 
filst Clock pulse from (CLIQ terminates to insure tbat the set filDction is succeisfid. 

The delayed energy from delay path (48) enables AND (4S) and is directed imo inverter (47). 
This causes inverter (47) to timl off, disabling AND (46). 

The second pulse from CUC anives when AND (46) is disabled ind AND (4S) is enabled. 

20 This causes energy to pulse lhroUgh to beam (28), iesetring (FF). 

Energy cominues to output from delay padi (48) to iDsme tbat the teSet opemion is successtUI. 
The second pulse from Cl.IC teniliDates befole the end of·the delay time of (48). ·nen energy from 
delay path (48) trmrinares, enabling AND (46) ud disabling AND (45); and the clocldDg cycle is 

cainpiere. 
2S 19. DiffeiemiadoD. ud the binary digit cOumer. 

Fig. 17 (I 7A) is a gnph of a lypicat biscab1e signal, foaDd at· the output of a· clocked bisaable 

amngemem: sUch as Fig. 16, Which is to be used as an input to a binarY digit counter. A binary digit 
' ' ' 

coumer is essenti•Hy a bisaabte device dlal is able io be c1ocbd. by a binary pulsed beam havilig 
variable-length pllseS. Fig. 18 shows the logic diagnm of a binary digit coumer. 

30 (CFF) in Fig. 18 is the Clocbcl flip flop of Fig 16. It requires clock pubes at (CLIQ to be 

sborrer than the time of delay path (48) of Fig. 16. Variable-lengfh pulses ate shown in gnph (17A) of 

'Fig. 17 and as the input t0 the binary digit coumer, Fig. 18, (BI). 

The first~ pulse scuts at time (51), Fig. 17. To ploduce Slalldaid"1.engda pulses, a portion 

of (Bl) is ~ted imo a 111niming loCatiOD. (49), aDd another portion into a delay path (SO) in Fig. 18. 
35 Snmmjng location (49), as yet, bas DO ocher input. Its OUlpUt is<oii, which stilts the first clock pulse for 

CUC. 

The delay path (SO) omputs DO energy 1lllti1 time (52) shown in Fig. 17, at which time energy 
exits delay path (SO) which causes di at pmunjng location (49), trmrinaring the ·filst clock pulse into 
CLK. The delay time of delay path (50) is sborrer than the enabHng deJiay time Of delay path(48) in 
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Fig. 16. 

CLK remains off as Ions as both inputs to summing locadon (49) remain on. umil time (53), 

when the Bl input shuts off. and the di at swnnming locadon (49) stopS. Tbme is still enersY in delay 

path (50), so summing location (49) begins Outpmting another~. However, because di is used at 

S mmmjng location (49), this pulse is 180 depees out of phase with the first pulse shown by the cross­

hatch in Fig. 17. This shows the process of diffelemiadon of an energy pulse. 

The phase detecting CODllOllers in CFF do not respond to this phase of energy. so these pulses 

are ipmed. When all of the energy in delay path (SO) is exhausted, the ieverse phase pulse at CLK 

terminates at time (54). At time (SS) the process is repeated, and CFF clocked for a second time. This 

10 produces the CFF outpat BC having wave form (17C) at ~half the cJockjng frequency of the (BI). 

As a result, single binary digitl are coumed in binary. 

In order for all but a small amount of energy to pass through the diffemldati.on process, 

tbrough (49), the pulse rise and/or fall raies must be faster than the delay period through (SO). If rise 

or fall times are too slow, then di will be established or mnoved befole the outpUt from (49) is able to 

IS reach its ma:dmum value. As a resu1t, rapidly rising or falling pulses will pass through the 

diffemmiation process, while slowly changing pulses will be attenuated. 

This diffelemiation process is able to be applied to a amt variety of emrsy beam chcuits, just 

as its e1ectroDic coumerpan is a versatile tool in elecuonics. 

20. Binary coumer. 
20 A cascade series of binary digit coumn, BDC1 through BDCN, are shown in Fig. 19. Each. 

BDC. binUy digit coanter, is as shown in Fig. 18. Bach BC outpUt of each BDC is directed imo the BI 

input of the next BD€. 

A series of pulses to be coumed eaten at the first input (56) and giaph (S6). Operation is the 

same as with electronics, except that when using the piesem invemion with light, the process coums at 

25 light speed. 

Gmphs (57) through (S9) show a die typical binary count output of matcldng beams (57) 

through (59)~ As many binary digit coUDters as are needed are able to be added, as shown by ••• BCDN 

widl its outpUt (60). 

21. Gated Oscillator. 

30 Fig. 20 shows a Gated Oscillator. An amplifier (61) provides amplification. Its power beam (1). 

is supplied by beam (G). Its comml input b.m (2) is ~ by the oUq,at of an inverter (63). .The . 

invenei's power comes fi:om beam (P). Initially, inverter (63) is on. which directs energy to beam (2) 

of amplifier (61), which in tum is amplified to pmduce an ompat at ompat (5). 

A portion of ompat (5) is diRcted imo delay path (62) to provide a delayed feedback signal. 

3S The cumulative delay tbroagh the whole cilalit is the frequency derermiaing device, but the dela~ dme 

dm>ugh (62) is the primarY cfecemrining factor. The output of delay path (62) cams off inverter (63). 

Ou1put (8) turns off amplifier (61) and outpUt (5), compledng the cycle. 

The osciJlatOr eomimies to tum the energy beams on and off as long as power is supplied to 

amplifier (61). When constant level input (G) is peed off, oscillation srops; When (G) is gaced on, 
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(65), which pulses input (25). seaiDg flip flop FF. The new ~·Of (D) now appem at outpUt (5) of 
FF. Apjn the enabling pulse (B) temri•tes before (D) changes state. 

If (D) weie to cbaDge state before (E) terminates, die last state of (D) will be written imo FF 

as long as (D) retaim dlis final state lODB e.aough for the complete set, or nset cycle to take place. 

S 25. Fiequency Demultiplexer. 

Fig. 23A shows the logic diagram for a ~Y dmndliplexer. A group of comrollers (as in 

Figs. 2A - 2E) ue used as filters, F, through FN. A frequency nmltiplexed input beam (72) is 

apportioned om to the CODttOl input of each of the filters. Each power beam (73) through (76) is 

provided with a diffelem frequency of mqy. The ouaputs (77) du:ough (80) comain only one 

10 frequency each tbat is amplitude-modulared with what-ever informadon tbat 1iequency was modulated 

with during the·nmltiplexing process. 

Fig. 23B shows a frequency demulliplexer where all of the conttollers share common 

compomms (3), (72), and (81). However, each frequency will have a separate outpUt location, (77) 

throuP.. (80), just as the diffelem frequencies in sunlisht separate to make a rainbow. The separate 

15 frequency power beams ue able to be combiDed imo a single input power beam (81) in order to make 

the geometry of separation easier to WOik with; however, tbat is not requind. 

25. Time Division Demultiplexer. 

Demultiplexers have the C.QllUDOD quality of providins maldple ompms from a rommnn input. 

Fig 23A is able to be used as a time division demultiplexer by using a diffelem power beam 

20 amngement . 

. In this case, input (72) .bas time division multiplexed information, tbat is, serial pulses. Inputs 

(73) through (76) have a sequenced series of pulses, The com:rollers faDction as amplifyins ANDs. As 

each conttoller is pulsed sequemially in its mm, whatever information is OD beam (72) will output imo 

the separate ouqnus (77) through (80). From dlat point on, fulther procasins, such as seuiDg a bistable 

2S device, is able to be accompHshecl, 

Fig. 23C shows how ANDs F1 du:oush FN ue able to share a common di locadon. Beam (72) 

emers a complex commller. The orientadons of eaCh of the iupms (73) through (76) ue diffemlt flOm 

each other in Older to provide diffeleDt positions for the outputs (77) through (80). As the power inputs 

ue sequenced, each bit frame will be picbd off from beam (72) and divemd off imo a diffemlt 

30 direction to provide a separadon of the outpalS. 

26. Time Division Maldplexer. 

· T'UDe division inultiplexerS ue essendally para11e1 to serial coavenen. Fig. 24 shows the logic 

diagram of a time dMsion muldplexer. Input beams (81) duough (84) am provided wirh pmllel 

informatiori. See snph in Fig. 24A •. The power inputs (SS) du:oush (88) sequendally pulse the 

35 commllers CR1 through CR. configmecl as ANDs. The ourpurs of the comollers am diiected into a 

common OUlpDt beam (90) at location (89). 

Output beam (90) then CODllins a series of pulses rabn sequemially from the daea OJI beams 

(SS) tbrouah (88). Smnndng of the aipals does not Oldimrily occur at location (89) because no two 

inpms aie OJI at the same time. 
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27. Phase Locking. 

Phase locking is essentially time divisi0n phase demultiplexing followed by in-phase 

multiplexing. Fig. 2S is die logic diagram for a phase locking ai'rangemellt. A fluctuating phase beam 

(91) is apponioned out to die comrol inpms· of ID array of commllers.configliled as Phase 
S demxlulators. The power inputs (92) throush (95) ue each provided with a cliffemtt phase of consram­

level energy. The phase-fJ:acn*ing bealn exists at one phase, then sWitches to·anodler, and then 

another. It may be random. or in some paaem. At wharever phase it ~ to be at any given 
moment, at least one of die phase ·demodulaton PD1 d:lro8'h PD" will produce an omput because 
enough phase demodulators ue provided so as to cover tbe emile range of phase fluctuad<ms. 

10 Once demultiplexed, each of die comroller ompms UDdergoes a phase shift·(96) through (99) so 

that, as each one turns on, its energy will arrive at location (100) and on into ompUi (101),·baving .the 

same phase as the others. 

Tue power inputs (92) through (95) each have a consram: phase, although phase-adjusted from 

one another. 'Jhe phaSe at each comroller oucput is also constam,. when on, having ~ produced by ci 
IS within the commller. As a muk, the inaoduction of Specified phase shifts allows the iemultipleml 

OUlpllt (101) to have any phase pauem we build it to produce. . To produce phase locking, those phase 

· shifts ue simply made to omput a substanrially CODStaDt phase. 

If the phase-fluctuating beam is, for example, an omside laser that is to be matched with 

another laser, energy from both Jasen will exit (101) having die same phase. 

20 If the phase fluctuating beam (91) is amplitude modulated, OUlpllt (101) will likewise be 

amplitude moduJaed. If, for example, phase-fluctuating beam (91) comes from ID optical fiber, its 
information needs to be impiessecl onto a. beam from a local laser so that it iS able to be processed 

photonically. This arrangemmt will do that. 

28. Conclusion 

2S The piesem. invemion bas made it possible for these Ql8D)' COimDOD. lolic seeps to be 

implemeuled using energy beams~ Each of diem have two ~ qualities that add to their 
uniqueness. First. they me. able to be made quiie small. As desclibed in the Disc1osme above, 
diffemlces occur when tbese processes ue carried out, and deYices built,· at wavelength dbnemioas. 

The 11101e pRCise the optical arrangcmieidS, the 11101e piecise each comroller is able to accomplish its 

30 design task, whether D8D'OW band or broadband. 

The second imponaDt featuie is that many of these procedures - able to be accomplished by 
comrollers that occupy cominoa locatiODs. A complex input beam is able to be opented on by a group 
of other input beams having slightly diffeiem geometties, pulse timing, fmquencies, phases, and levels. 
Together, these ope!ations me able to be ·incOlpolated as pixel oPeraaions which ue dny pans of 

35 dynamic images that aie very much larger. By properly timing, orieming, modulating, and selecting 

the individual rays, or sets of rays dJat make up complex. images, whole comparers dJat accomplish 
light speed compuriDg aie able to be conSauctecl in a very ·small &Pace. 

The principle of fJ:equeDcy Ddtiplexing bmadbaDd devices,· immspened with specific mmow 
band devices, allows complex operations dJat have total control over the energy stteams being used. 
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Dynamic images produced this way are able to shuttle data, addlesses. timing. storage, and every otbCr 
kind of infurmation from pixel to pixel. at waveleDgth dimensions. 

Both omltiplexing and demultiplexing. whether frequency division· or 1ime division. aie 

basically separating, soning, and combining operations. By arransing an array of many comrollers. in 

5 appmprlate sequeaces. and appropriately gariJJs each emhnctiment, many diffemJt processes are able to 

be performed. These include time and frequency division mukiplaing and danultiplaing, address 

decoding, soning and channel switching. 

Optical switching, such as is used in fiberopdc networks, optical computing, the conttol and 

manipu)adoa of holographic and dynamic images me also able to be perfonned using die piesem 

10 invendon. When acoustical waves me used, various imqing processes such as sonar and sonasrams are 
able to be implememecl. 

The pixel-by-pixel conuol of other images and the organi1.alion of application cbaracterlstics 

allow many things to be done dial wme difficult or impossible in the past. These include the 

manipularion of moving particle streams both large and small for industrial machining. electron 

15 microscopes, laser cutting, and other processes which iequUe energy, or moving particles, to be 

conttolled with piecision. 

Most imponamly, these operations will become mme widespread and valuable as opDca1 

compmers, including those consuucted using die presem inYmdon, me CODSUUc.ed for the pwpose of 

manipulating and CODUOlling the many input and OUlpUt peripherals dial me also able· to be built using 

20 the present invention. 

This disclosme provides mme than just the basic invendon using special iutmfelm:e. It also 

Jays out the principles of component iDlmcomlecUon, and energy beam lll8Dipuladon for implemenring 

and organizing cmittollen with other energy beam processes. It provides the basic means and methods . 

for accomplisbing tasks dial where previously confined to the realm of slow electronics. As a diiect 

2S result of this extensive disclosme, practically any losical oqanization or llCbitccture that is common in 

the elecuonic world is able to be implemeDfed with dlis new energy beam teclmology, and especially in 

light. 'Ibis is because specific examples of a variety of logic anupmems m tblly expJained, showing 

precisely how the componems are to be imercoDmcted to accompUsb complex logical tasks. 

Man bas been studying liglu, sound, particle waves and other forms of energy for cemuries. 

30 The principle of superposition has been well UDdmtood for over 150 yem, yet the convemional 

medlods. even the optical ones. have run into a wall of difiiculty pJ8cecl time by the basic physics of 

the fundamental processes used to czeate diem. 

The world of photonic computing was at an impasse. The presem invendoa sweeps away that 

wan, by using the hel'H>-fole ove.doobd special imerfereJJce. 1be presem invention establishes an 

35 eamely new teclmofogy. As a dinct RSUlt, the presem invmion is ex.peered to be the fbundadon of 

21st-cemury computer science. 
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What is cJajmed is: ' · 

1. A method of conttolling a plurality of emrsY beam sets with at least one set of said plurality of 

emrsY beam sets comprising the stepS of: 

plOduciag a plurality of input beam sets inc1uding :~ first beam set having at least one 

S input beam of emt8)', and a second beam set havins at Jeasi one inpm beam of ·enel'IY 

mncbdated with comroJJiDg informad.ont wJlelein said tint and second beam sets me directed to 

at least one first localion; 

producing· inredelence with said plurality of .input ~ sets at said at least one first 

location, diverting energy proponional to said .second beam ifJt from said plurality of input 
: . : 

beam seas to at least one second locadon. 

wheieby energy from said plurality of input beam sets is absent .from said at 

least one second location when either or both of said.first mt·second beam sets.me off and C 
when said first beam set is in phase with said second beam ~· and 

sepanring energy from said at 1east one second location to provide 1t£ least one output, 

lS theleby producing an eneray beam conttoller. 

2. lbe invention of claim 1 wherein: 

·said comrolling information is binary iDformatioD, 

and inchuting, moduJaring said first beam set with·binaly informadOD, 

thereby providing a logical AND by causing said at ·least one oU1pUt to be on only 

20 when said first and second beam sets me on. 

3. lbe invention of claim 1 including: 

maintaining said first beam set at a subsralldally CODStallt above-zero level, and 

sWirdiing said first beam set off during die time wbeli amplificadon is to be gated off, 

tbeieby providing a gated amplifier by producing an.amplitude modulated output . 

2S having lll01e eneray than said second beam. set bas, and piing said amplitude ~Jated Output 

O~ and OD by switching said first beam set·off and OD. 

4. The inveDlion of claim 3 including: 

providing a plurality of said gated amplifiell; 

directing said amplitude modulated OUlpUtS of said pted amplifiers to at least one 

30 third localion; 

directing euqy from said third location to a common output; 

moduJating each of said second beam sets of said ptCd amp1ifie1S with infonoation to 

be time division maltipleXed, and 

seqaeodally gating OD said gated amplifiers by sequemially pulsing OD said fint beam 

35 set of. each of said gated amplifiell during each sequential time division, 

d1eleby providing a time division multiplexer by sequemially sadng diPaJ 

infonnacion from each of said second beam sets of said plurality of gated amplifiers into said 

common ouiput. 

S. lbe invention of claim 3 iDcludiDg: 
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providing a plurality of said gated amplifiem; 

PCT/US95/16455 

providing a multiplexed input beam lliOdulated with time division multiplexed 

information; 

diiecting a ponioli of siid multiplexed input beam ~ said second beam set of each of 

s said sated amplifiers. iDd 

sequemially gating on said gated amplifien by sequentially pulsing on said first beam 

set of each of said gated amplifim during each ieqUeDdal time division. 
·thereby providing a time division demultiplexer by sequentially pdng time division 

multiplexed informadon during each time division imo a separate said amplitude moduJated 

10 OUlpUt of each of said plurality of said gated amplifiers. 

6. The invention of claim 3 including: 

providing at least one inverted ompm from said at least one first location, said 

inverted outpm being diffeiemial to said amplitude modulared om.put, 

. thereby providing an inverter. 

15 7. The invendon of claim 3 including: 

providing a plurality of said siled amplifiers in a ·cascac1e series; 

cascadjng said amplitude modulated OU1put of each said gated amplifier imo said 

second beam set of the next said gated amplifier in said cascade series, and 

providing at least one large beam, gieater than said second beam set of the first _said 

20 amplifier in said cascade series, wheiein said at· least one large beam is used as said fust beam 

set of another said gated amplifier in said cascade series, 

theteby providing comro1 ·of said at least one large beam by a sniau.er beam by 

diverting energy from said at least one large beam through said cascade series and imo said 

amplitude modulaled. OutpUt of the last siid gated amplifier of said cascade series in response to 

2S said. smaller beam. 

8. The invention of claim 3 .including: 

modulating said second beam set to a sufficiendy high level so as to divert all energy 

available from said fust beam set imo said' amplitude modulaled ·omput, 

theleby providing a limiter by producing an amplified oUqml when said second beam 

30 set is below saamdon level, and limiting said amplitude modulated output when said second 

beam set exceeds said samradon level. 

9. The invemion of claim 3 iDcluding: 

phase modulating said second beam set, 

theteby providing a phase democlu1ator wheiein said amplitude modulated output is at 

35 a bigh level when said lint and second beam sets ue of opposite phase, at a low level when 

said first and second beam sets are in phase, and changes as tbephase·of said_second beam set 

cmm,es. 
10. The invemion of claim 9 inchrcting: 

providing at least one trigger beam set, having at least one beam of energy dUected to 
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at least one tbin:l location, and modulated with information to be thresbold detec1ed; 

providing a dueshold-comrolling beam set haWlg at least one beam of energy at a 

substantially conscam level directed to said at least one tbin:l location; 

producing destructive imerfereDce With said trigger ~ set and said tlueshold-

s CODttOlliDg beam set at said at least one third location when said uigger and thresbold­

CODttOlling beam sets are on, wherein the combined energy at said at least one third location is 

in phase with said dlleshold-comiolling beam set when said trigger beam set is smaller than 

said dlleshold-comrolling beam set. and out of phase with. said thresbold-comrolling beam set 

when said trigger beam set is sreater than said tbresbold-comrolling beam set; and 

10 dUecting energy from said at least one third location into said second beam set of said 

phase demodulator, 

thereby providing a tlueshold detector by demodulating phase changes in said 

combined energy. 

11. The invemion of claim 10 including: 

IS dUecting a feedback signal from a porrion of said amplitude modulated output imo 

said at least one tbin:l locatiOD, said feedback signal at said at least one tbin:l location being out 

of phase with and smaller than said tlueshold-comrolling beam set, 

thereby providing a Schmitt triUer by driving said phase demodulator to a pearer 

omput than occurs· without zegmnlive feedback caused by said feedback signal. 

20 12. The invention of claim 11 including: 

providing a plurality of said at least one trigger beam sets as AND inputs modulated 

with binary informalion, said AND inputs having an energy sum. said energy sum of said 

AND inputs being gieater tbaD said substantially constant. level of said tlueshold-amttolling 

beam set when all said AND iDpurs are OD and less tbaD said substamially constam level of said 

2S tlueshold-comrolling beam set when one of said AND iDpurs is off and the remainder of said 

~.inputs are on, 

thereby providing a multi-input AND by producing an OD omput ·only when all said 

AND inputs are on. 
13. The invemiOD of claim 11 iDcluding: 

30 providing a plurality of said at least one mger beam sets as OR iDpms modulated 

with binary iDformatiOD, said OR inputs having ID .enersJ' sum, said energy ~ of said OR 

iDpurs being greater tbaD said substantially consiam level of said thresbold-comrolling beam set · 

when at least one of said OR inputs is on, 

thereby.providing a multi-input OR by producing.an on output when at least one of 

35 said QR inputs is on. 
14. The invend.on of claim 3 including: 

providing ID inverted delayed signal by directiDg a tint portion_ of .enersY. from said 

amplitude modulated outpm along a delay padl and through .an invener means; 

dilecciDg said inverted delayed signal to said second beam set to turn said amplitude 
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mochdated oatplt on and oft', said secmid beam set reniaining on dmiDg the periOd when said 

inve.rted cleJayed signal is on, and Off when said inverted delayed signal is off, to produce 

<>PUadon, and 

switching said first beam set off during die time w~ said oscilladon is to be gated 

s off, 

10 

IS 

theleby producing pted eneisY beam osciJJadon by successively turning said 

amplitude modulated outpUt on or off during each delay period, and gating off said energy 

beam oscillation by taming oft' said first beam set. 

IS. The invendoli of cJaim 3 incJuding: 

providing a pbase-fluctuadng beam set; 

directing a portion of said phase-fl:acmadng beam set iDto each said second beam set 

of each of a plunlity of said phase demodulatms; 

providing said fint·beam set of each said phase demodulator with a diffemlt phase of 

direcdDg said amplitude modulated output of each said phase demodu1atOr to at least 

one third location, such that energy from all said amplitude modulated Olltputs arrives at said at 

least one third location in phase with each other, and 

directing energy from said at least one third location to provide a phase-locked output, 

theleby pbase locking energy from said pbase-tluctuadng beam set to a subsWUially 

20 CODStaDt phase ompm baving a substamially constam amplitude. 

16. The invention of claim IS wherein: 

said phase-fluctuating beam: is amplitude or· frequency modulated with information to 

be extracted, thereby providing an amplitude modUlated outpUt containing said information and 

having a subscantially CODStaDt phase at said phase-locked output. 

2S 17. The invention of claim 1 iDcludiDg: 

providing said first beam set with a sUbsfantially conisram above-zero leVel having at 

least one wavelength; 

switcbiDg waveleJlsdls of said at least one wavelensth off and on to gate filtering of 

said wavelengtbs oft' and on; 

30 providing said second beam set with energy having multiple wavelqtbs to be 

filtered, and 

prOducing said immfemlce with a subset of said multiple wavelengcbs matching said at 

least one wavelength and lejectiDs all other wavelengtbs, 

theleby providing a gated active filter by pl\)ducina an output only at wavelqtbs 

35 which exist sinnihaneously in both said beam sets. 

18. The invemion of claim 6 whelein: 

said subslamially constam above-zero level bas at least one waveJensth, 
said second beam set bas multiple wavelength energy to be· filtend, and 

said iDterfeJeDce occms with a subset of said muldple wave1eJ1stbs maaiog said at 
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least one waveJenatb diveninB energy of matc;bing waveJeDstbs away from said at least one 

fint localion, 

thereby providing Ill inverted active filter by producing said inverted output deficient 

of wavelengtbs which exist shmltaneously in both said beam sets. 

5 19. The invention of claim 17 iDcluding: 

providing a frequency multiplexed beam set having a, plurality of modulated 

wavelengd:ls; 

providing a plurality of said gated active filters, said 'first beam set of each of said 

gated active filters having a diffeJ:em frequency of eneqy. mardling each of said plumlity of 

10 modulated wavelengtbs; 

dUecting a poaion of said frequency mulciplexed beam ·set imo said second beam set 

of each said gated active filter, 

thereby providing a frequency demultiplexer by producing a separate modulated 

?WPUt, from each said gated accive filter, marching each of said diffeJ:em ~· 

15 20. The invention of claim 1: 

20 

wherein said fint and second beam sets have energy of phases to be compued, and 

including using said imerferm:e to produce an outplt that is at a high level when said 

fint and second beam sets aie of opposite phase, and at a lower level ac other phase 

diffelences, 

theleby providing a phase COlllpllel'. 

21. The invention of claim 2 iDcluding: 

providing a plurality of said losical ANDs in a ~ series, and 

cascading said at least one output of each said logical ·AND imo said second beam set 

of the next said lolical AND in said cascade series, 

2S thereby providing a multi-input AND, wherein all of said fint beam sets.of said 

plunlity of said logical ANDs and said second beam set of the first said lo8ical AND in said 

cascade series must be on in order to tum on said at least one output of the last said losical 

AND in said cascade series. 

22~ The invention of claim 2 including: · 

30 directing said ac least one oucpm of said losical AND into a losical NOT means, 

thereby providing a losical NAND. 

23. The invemioi1 of claim 2 iDcluding: 

providing a first logical NOT means having an eneqy beam output dilected imo said 

fint beam set of said lopcal AND, and 

35 providing a second lolical NOT means having an ~ beam output directed imo 

said second beam set of said logical AND, 

thereby producing a. lo8ical NOR. 

24. The invemion of claim 9 includiq: 

producing a fint Exclusive OR input beam ~ baving ac 1east Oii' beam of energy 
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modulated with binary informaDon dhecced toWUd at J.easi one dJird location; 

producing a second Exclusive OR input beam set baviDg at least one beam of energy 

moduJared with binary information dhecced toWUd said at least one dJird locadon; 

producing destrucd.ve • imeI:felence at said at least ~ third location when said first and 

s second Exclusive OR input beam secs are on; 

direcdng energy from said at least one third locaDon imo said second beam sets of 

first and second said phase den1odulators, ensuring said first beam secs of said first and second 

phase demodulators ue of Opposite phase. said amplitude modulated ompm of said first phase 

demodulator being on when said first Exclusive OR input beam set is OD by itself, and said 

10 second phase demoduJ8tor being on when said second Exclusive OR input beam set is OD by 

hse1f; 

dilecdDg energy from said first phase demoduWor to provide at least oile Exclusive 

OR outpUt, and 

clirecliDg energy from said second phase demodulator to said at least.~ Exclusive OR 

15 outpUt while providing a 180 depee phase shift so that the energy from said first and second 

phase demodulatms have matching phases at said at least one Exclusive OR output. 

thereby providing an Exclusive OR, baVing a substantially COllSllllt phase output. 

2S. The invention of claim 24 including: 

diiecting a portion of energy from said first Bxclusive OR input beam set to a first 

20 input of a logical AND means. and 

clirecliDg a portion of energy from said second Exclusive OR input beam set ro a 

second input of said logical AND means. 

thmeby providing a binary half adder by providing said Exclusive OR. output as a sum 

output. and an output of said logical AND as a carry ouqnu. . 

25 26. 1be invemion of claim 10 includiq: 

providing at least one reset beim set. dincted ro said at least one tbint locad.on in 

phase with said dueshold-c:omrolling beam set; 

dilecdDg a· feedback sipal from a portion of said amplitude modulated output into 

said at least one third location. said feedback sipal at said at least one third location being out 

30 of phase with and peater dlan said .tbleshold-comrolling beam set; 

pulsing said at least one aigger beam set as a set pulse, and 

pialsing said at least one reset beam set as a reset pulse. 

theleby pro.viding a bislable fuDction by tumiDg said amplitude modulated oatput on 

with said set pulse. holdiDg said aniplitude modulated omput on with said feedback sipal. then 

35 tuming said amplitude modulated outpUt off wirh said reset pulse, and hoJ.ding said amplitude 

~ ODtpUt off due ro die abseDce of said feedbact sipal. 

27. 1be invemion of claim 26 including: 

providing first and second logical AND means; 

providing a clock beam set having at least one pulsed energy beam of alternating filst 
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and second pulses; 

directing a first ponion of said clock beam set into a first .input of said first logical 

AND means; 

dhecliDg an output of said first logical AND means to provide said set pulse; 

dhecliDg a second ponion of said clock beam set imO a first input of said second 

losical AND means; 

dhecliDg an output of said second k>sical ·AND. means to provide said reset pulse; 

dhecliDg a portion of said amplitude modulated ouqnu of said bistable function along 

a first delay path. providing a delay time, and a delayed ~le beam set; .. 

dhecliDg a first ponion of said delayed bistable beam .set into a logical NOT means; 

dhecliDg an ouqnu of said logical NOT means to .a second input of said first losical 

AND means, and 

directing a second portion of said delayed bistable beam set.into a second input of said 

second logical AND means, 

lS tbereby providing a clocbd bistable fimccion by setting said ~ function using 

said first pulses dJat pass tbroqh said first logical AND means, when said ~ input of said 

first logica1 AND means is held on by said IQ8ical NOT means in die .absence of said delayed 

bistable beam set Ind said first pulses are pmreJited .from passing duoqh said second losical 

AND means by die absence of said delayed bistable beam set, and tbea resettipg said bistable 

20 function by using said second pulses tbat pass tblOu.gh said second logical AND means when 

said second input of said second logica1 AND means is held on by said delayed bistable beam 

set and said second pulses are pievemed from passing through said first losical AND means by 

die presence of said ·delayed bistable beam set wbicb is inverted by said· logical NOT means to 

hold said first logical AND means off. 

2S 28. 1be invemion of claim 27 ~ 

providing a binary iDput beam set haviDi pulses lonpr dwl said delay time; 

directing a ponion of said binary input beam .set to ai least one fourth location; 

dilecdng anotber ponion of said binary input beam set along a second cielay path ·and 

then to said at least ~ fourth IOcadon as a delayed beam set; . 

30 producing destiacdve bJrerfe1eDce using said. binary inpuc beam set and said delayed 

beam set at said at least one fourth location when both said beam seas are on; 

· separating euqy from said at least one fourth location to provide differentiated 

pulses, and 

dUecting said differeDliated pulses to provide said clock beam set of said clocked 

3S bistable~ 

thereby providing a binary digit coumer which facilitates using said binary input beam 

pulses loDger dwl said delay time to clock said clocked bistable funcdon by diffmemiating said 

binary inpuc beam set to proclUce a leading pulse having a coosram pulse lqth. and a ttai1iq 

pulse having a consram pulse 1eDgth. wherein said leading pulse is out of phase with said 

f 
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uailiDg pulse, and at least om of which said clocked bistable function responds to. 

29. The invention of claim 28 iDcludiDg: 

providing a plunlity of said binary digit countas in a cascade series; 

direcdDg said amplitude moduJafed output of each said ~ digit coumer to provide 

S said binary input beam set of the :oat said binary digit counter in said cascade series, and 

providing said binary input beam set of the filst of said binary digit coumers in said 

cascade ~ with pulses to be coamed. 

tbeleby providing a binary counter by connecting a plurality of said binary digit 

c0umers in a cascade series that produce binary owpurs iepresentinr pulse coum. 
10 30. 1be invention of claim 26 including: 

·holding said set pulse on during the time when sqwu:e wave oscillation is to take 

place, and holding said set pulse off when said sqwu:e wave oscillarion is to be pted off; 

diiecdng a ponion of said amplitude modulated output along a delay path which bas a 

.delay period to proVide a delayed biscable signal, and 

15 diiecdng said delayed.bistable sigilal to provide said nset. pUlses, said ieset pulses 

being· larger than the sum of said set pulse and said feedback sipal, 

theieby providing a pted sqwu:e wave eDe1'8Y beam oscillator by iepearcdly tumiDg 

said bistable function on or off at least once for each said delay period, and piing oscillation 

off by turning said set pulse off. 

20 31. The invemion of clailil 26 includina: 

providing first and second logical AND means; 

providing a data beam set having at least om beam of energy modulated with binary 

information; 

providing an enabling beam set having at least om beam of energy modulated with 

dara stonge enabling iDformadon; 

dhecling a first ponion of said data beam set into a fi!st input of said first logical 

AND means; 

diiectiDg a second ponion of said data beam set into a logical NOT means; 

directing an output of said logical NOT means to a first input of~ second logical 

30 AND means; 

35 

dilectiDg a first portion of said enabling beam set imo a second input of said first 

loiical AND means, and a second ponion of said enabling ~ set imo a second input of said 

second logical AND means; · 

directing an output of said first logical AND means to provide said set pulse, and 

dilecdDg an omput of said second logical AND meam to·pmvicte said nset pulse. 

· tbeleby providing a D-type bislable function by setting or ~ said bisrable 

function depending upon the state of said dara beam set dmiDg the time when said enabling 

beam set is OD. 

32. The invemion of claim 26 iDchufing: 
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d.UectiDg a·poniOD of said amplitude modulated oDtput along a delay path to provide a 
delay period and a delayed-feedback beam set. and 

d.UectiDg said delayed-feedback beam set to provide said leset pulse. 

thereby providing a om-shot fuDcdon wherein said amplimde modulated OUlpUt is 
S pulsecl OD· by said set pulse. held OD dmiJJa said delay period by said feedback sipal. and then 

tumed off after said delay period by said delayed-feedback beam set. 

33. A method of controlling one set of beams of energy with another set of beams of energy comprising 

the stepS of: 

producing a first beam set having at least one first input beam of energy diiected 
10 toward at least one first location; 

producing a second beam set having at least one second inPut beam of energy 

modulared with comrolliDg information; 

· producing imed'eieuce between said first and secolid beam secs at said at least one first 
locatiqn when both said beam sers 11e on. diverdDg energy from both said ~ secs to at least 

lS one second location in pmpordon to said second beam set. 

20 

wheleby energy from said first beam set is absem from said at least one 
second location wheil said second beam set is off or in phase ·with said first beam set and is 
pnsem at said at least one second location when .said second beam set is OD and out of phase 

with said first beam set. and 

separating energy from said at least one second location to provide at least one ompu, 
tbe1eby producing an energy beam comroller. 

34. An energy beam comroJler for CODttOlling a plurality of energy beam sets with at least one of said 
plurality of energy beam secs comprisins: 

an imase coJilponem separator having a first localion and a second location and an 
2S owput for ompua:ing energy from said second location. and 

30 

a plurality of input beam sets iDcludbls a first beam set and a second beam set 

positioned mid oriemed so as to pmduce imelfereDce at said first location and to divert energy. 

proportioDal to said second beam set to said second location when said first and second beam 

sets lie on. 
thereby commlliDg ~ ompm by outpuldng energy proportioDal to said second beam 

set. 

3S.· 'Ibe iilvemion of claim 34 wberein said first and second beam sets 11e modulated with disital 

information. 
tbereby pmvidiDg a IQ8ical AND. 

3S 36. The iDvemion of claim 34 wbereha said energy beam controller is a sated amplifiel' when. said first 
beam set· is maintained. at a sulJsranrially COllSllllt above-s.ro level .when on. and a substamially COllSllDt 

at-or near-zmo level when off. 

37. 1be invemiOD of claim 36 including: 

a common ompuc. and 
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a plunlitf9f said pted amplifien, said outputs ohaid pted amplifiers being dilected 
to said common output, SO that sequemially turDing OD said pted amplifiers by sequendally 

pulsing on said first beam set of each of said gated amplifiers dmiDg each of a series of 

sequemia1 time divisions produces a time divisiO. nmltiplexer. 

5 38. The iDvemion of claim 36, including: 

a plurality of said gated amplifien; 

a common input for accepting a nmltiplexed input beam with time division­

nmltiplexed ~ and 

first directing means for ditecdDg a portion of said multiplexed • beam to said 

10 second beam set of each of said sued amplifiers, 

Wherein sequendally sating OD said pted amplifim by ~y puJsiug OD said 

first beam set of each of said gated amplifiers, during successive sequem:ial time divisions, 

sequemially pteS time division-multiplexed infonnation imo sepante said outpUtS to produce a 

time division demultipleur. 

15 39. The invention of claim 36 including: 

an inverted owput means for providing an output from said fim locatioD, 

thereby providing an invercer. 

40. The invention of claim 36, iDcluding: 

a plunlity of said gated amplifiers in a cascade series. 

20 41. The invemion of claim 36 wheleiD: 

said second beam set is amplitude-modulated to a sufficiently high level so as to divert 

all energy available from said first beam set into said oucput, thus establisbing a saturadon 

level. 

theieby 1imiriDI said output when said second beam set exceeds said saturation level. 

25 42. The invention of claim 36 wbelein: 

said second beam set is pbase-modalatecl. 

tbeJeby providiJJs a phase demodulator whmin. said output is at a high level when 

.said first and second beam sets am of opposite phase and at a low level when said fim and 

second beam sets are in phase, and which cbaDges as the phase of said ~ beam set 

30 changes. 

43. The invemion of claim 42 including: . 

a ttiger beam set modulated with iDformadon to be dmsboJd.derecte and a 

tbreshold-comrolling beam set at a sabstalldally COllStlllt level, said uiger beam set .and said 

35 tbleshokkontrol beam set bodl beiq positioned and orieJired so as to produce desttucdve 

imerference at at least ODC third location when said dlleshold-cmmoDing beam set and said 

trigger beam sets are both on. the combiDed energy at said at least ODC dlild location being in 

phase with said thlesbold-cc>DflOlliDg beam set when said maer beam set is smaller than said 

tblesbold-commlliDs beam. set and out of phase with said lbreshold-ccml:IOlliDi beam set when 
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said trigger beam Set is pacer aim. said dueshold-eoJdlOlling beam set, and 

first cfilecting means for cfilecting euergy from said at least one third location into said 

second beam set of said phase demodulator, 

theleby providing a duesbold deteclor by cfemodularing phase changes in said 
s combined energy. . 

10 

44. The invention of claim 43 including: 

feedback means for. cfilecting a portion of said outpUt into said ·at least one third 

location as a feedback signal, said feedback means emaring '.that said feedback signal at said at 
least one third location is smaller than said· dueshold-conttoiling beam set and in phase widl 

said trigger beam set, zesalting in iege.aerative feedback, and a snater said OU1pat when said 

combined energy teaehes thleshold, 

theleby providing a scbmitt trigger. 

45. The invention of claim 43 including: 

a plurality of said trigger beam sea; to be used as AND inputs~ moduJated wich binary 

IS ·infonnation, tbieshold being reached only when all said AND iDpulS are on, 

theleby providing a multi-input AND. 

46. The invention of claim 43 including: 

a plurality of said trigger beam seu to be used as oit inpms, modulated widl binary 

infonnation, tbleshold being reached when at least one of said OR inputs is on, 

20 theleby providing a multi-input OR. 

47. The inveidicm of claim 36 including: 

an iDvener means; 

a delay means dilecting a first portion of energy from said owput along a delay path 

to said invencr means to produce an invened delayed signal,· and 

dilecting means for cfilecting said invened delayed signal to said second beam set to 

tum said outpUt on and off, said second beam set remaining Oil when said inverted delayed 

signal is on, and off when said inverted delayed sipal is off~ to produce osciHarion during che 
time when said first beam set is on, and disabHng oscillation :wben said first beam set is off, 

theleby producing a pted energy beam osdHator. 

30 48. The invention of claim 42 including: 

first cfilecting means for directiD8 a portion of a PJJaSe..tluctuating. beam set into each 

said second beam set of each of a plurality of said phase demodulators; 

phasing means· for providing said first beam set of each of said phase democlu1ators 

with a differem phase of eneqy; 

35 second dilecting means for cfilecting said outpUt of each said phase demodulator to at 

least one third location so dlat energy from all said mupms .Uves at said at least one rbird 

location· in phase, and 

rhird directilig means for cfilecting eaeqy from said at least one third location to 

provide a phase-locked output, . 

f 
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dleleby providin; a phase-locking device for phaSe-lockiDg energy from said phase­

flucmadng beam set to a subsramially CODSCaDt phase output having a subsramially consrant 

amplitude. 

49. The invention of claim 48 whelein: 
' . 

S said pbase-fluctuadng beam set is amplitude- or frequency-modulated with information 

10 

to be extracted, thereby prOviding an amplitude-modulaled output cnmining said information 

and having a subs1andally CODStaDt phase at said phase-locked OU1pat. 

SO. The invention of claim 36 whe.tein: 

said first beam set bas at least om wavelength. and 

said second beam set has muldple wavelensdJs to be filteied so as to produce said 

interfeience with a subset of said multiple wavelenatbs matching said at least om wavelength 

and iejecling orber waveleDlths. 
thereby providing a gated aCdve filter by producing an output only at wavelengths 

whicJi exist simultaneously in both said beam sets. 

IS Sl. The invention of cJaim 39 wbelein: 

said first beam set has at least one wavelqth; 

said second beam set bas multiple wavelensth energy to be fillmd. and 

said imedeieDce occurs with a subset of said multiple wavelenstbs marching said at 

least om wavelenith. diverting ~ of matching wavelengths away from said at least om 
20 first lcx:adcm. 

30 

thereby providing an inverted· iClive filter by produdng an inverted output deficient of 

wavelqths which eJdsr simnlraneously in both said beam seas. 
S2. The invention of cJaim SO iDc1uding: 

a frequency-muldplexed beam set having a plunliay of .modulated wavelengths; 

a plmality of said gated ~e filters, each of said pted acdve filters having its said 

first beam set of a waveieDsth Which malCbes at least om of said pluraliiy of modulated 

Waveiqtbs, 

directing means for directing a· pord.on of said &equmcy-multiplexed beam set into 

said second beam set of each of said gated active filterst 
thereby providing a· &eqaency dmnultiplexer by producing a separate modulated output 

from each said of sated aclive filters. marching each of said diffemll flequencies. 

53. The invention of cJaim 34 whelein: 

said first and second beam sets have energy of phases to be compmd, and 

said imelfeJeDCe produces said output that is at a· bish level when said first and second 

35 beam sets me of opposite phase. and at a lower level when said &st and second beam secs me 

at other phase di;fl'emas. 

dlereby providing phase cOmpamr. 

S4. The invemion of cJaim 35 including: 

a phualiay of said logical ANDs in a cascade series, wbeleiD said outpat of each said 
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logical AND is fed imo said second beam set of the next Said losical AND in said cascade 
series, 

thereby providing a multi-input AND wbelein all of said tint beam sers of said 
plurality of said losical ANDs and said second beam set of the fint said lolical AND in said 

S c8C8de series must be OD in order to tum OD said owput of the last said losical AND in said 
cucade series .. 

SS. The invention of cJaim 3S includblg dilecdng means for dilecdDg said OUlpUt of said logical AND 
imo a logical NOT meam, 

theleby providing a losical NAND. 

10 56. The invemion of claim 35 includiq: 

·a first losical NOT means having an energy beam owput diJeCted imo said tint beam 
set of said logical AND, and f 

a second logical NOT means having an energy .beam 01UpUt dilected imo said second 
beam set of said losical AND, 

15 theleby producing a logical NOR. 

57. The invention of claim 42 iJJclndjng~ 

a tint Exclusive OR input beam set modulated with binary information dUected 
toward at least one third location; 

a second Exclusive OR input beam set modulated with ~ infnnnation dUecced 
20 toward said at least one third location so as to produce destructive immference at said at least 

one third location when said tint and second Exclusive OR input beam sers ue both on; 

first dhecting meam for directina .enersy from said at least one third location imo said 
second beam sets of tint and second said phase deJllodulators, ensuriDg that said first beam sers 
of said first and second phase demodUlaton ue of opposice phase, said output of said first 
phase demodulator being on when said first Exclusive OR input beam set is on by itself, and 
said omput of said second phase demodulator being on when said second Exd.usive OR input 
beam set is OD by itself; 

second direcdDg means for dinctiDg enersy from.said first phase demodulator to 

provide at least one Exclusive OR outpUt, and· 

30 third dilecdDg means for direcdDg energy from.said second phase demodulator to said 
at least one Exclusive OR omput while providing a 180-deiree phase shift so dJat the euergy 
from said first and second phase demodulatorS bas mardring phases at said at least one 

Exclusive OR ompat. 

thereby providing an Exclusive OR haviDg a substantially consaam phase output. 
35 58. The invention of claim 57 including:. 

fourth dUecciJJi means for dinctiDg a ponion of energy from said first Exclusive OR 
input beam set to a first input of a losical AND, and. 

fifth diJecdDg means for direcdDg a ponion of energy from said second Exclusive OR 
input beam set to a second input of said logical AND, 
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thereby pmvidiDa a bbmy half-adder by povicti.nl said Exclusive OR ompm as a smii 
output and an. omput of said lOJical AND as a carry oatpUt. 

59. The invemion of claim 43 includiDg: 

a reset beam set, dhected to said at least ODe third location in phase with said 

s duesbold-commlliDg beam set, and 

second dilecdDg means for dinctiDg a feedba: sipa1 .from a ponion of said output 

into said at leist one third locadon, said feedback sipa1 at said at least one third location being 

out of phase with and greater than said dl1esholckoDtto beam set, 

dlereby providing a bislab1e device by tuming said oatpat on when said ttigger beam 

10 set is pulsed with a set pulse, holding said OUlpUt OD with said feedback signal, then turning 

said output off when said at least one met beam set is pulsed with a reset pulse, and holding 

said output off when said feedback sipal is absem. 

15 

60. The invention of cJaim 59 including: 

fiDt and second logical ANDs; 

a clock beam set havins altenlaliDg filst and second pulses; 

third dilecting· means for dilecdDg a filst ponion of said clock beam set into a filst 

input of said &st logical AND; 

fourth dilecdDg means for dilecting an OU1pUt of said first logical AND· to provide 

said set pulse; 

20 fifth dhecdng means for direcdDg a second pardon of said clock beam set into a first 

iDpUt of said second logical AND; 

sixth dilecting means for direcdDg an omput of said second logical AND to provide 

said nset pulse; 

a first delay path pmvidiDa a &st delay time; 

seventh dinctiDg means for direcdDg a ponion of .said output of said bislable device 

along said first delay path, providing a delayed bistable beam Jet; 

eighth direcdDg means for directiDg a first pardon of said deJayed bisrab1e beam set 

imo a logical Nor means; 

ninth dhecdDg means for direcdDB an outpUt of said logical Nor means to a second 

3Q input of said fiDt logical AND, and 

temh din:ctiDg means for dhectiDg a second pardon of said deJayed bistable beam set 

into a second input of said second logical AND, 

tb.eleby providing a clocbd bistable device by setting Said bistable device using said 

first pulses that pass through. said first logical AND when said second input of said first logical 

35 AND is held on by said logical Nor means in the absence of said delayed bistable beam set 

and said filst Pu1:seS me .pievemed from passing tbmu8h said second logical AND by the 

absence of said ·delayed bisrable beam set, and then iesettiDg said bislab1e device by using said 

second pulses that pass through said second logical AND when said second iDpai of said 

second logical AND is be1d ·on by said delayed bistable beam set and said second pulses ate 
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pievemed from passing thlough said first lo,ical AND by .tbe piesence of said delayed bistable 

beam set which is inverted by said logical NOT meam to hold said first lOBical AND off. 

61. 1be invemion of claim 60 iDcluding: 

a binary input beam set having pulses lcmger than.~ first delay dine; 

elevendl diRctiDg means· for diRctiDg a portion of said binary input beam set to at 

least one fourth locadon; 

a second delay pada piovidiDg a second delay ~; 

twelfth directiDg. means for di!eccing another ponion of said binary input beam set 

along said second delay path and then to said at least one fourth -loeation as a ·delayed beam set 

10 so as to produce destnicdve immfm:ence with said binary iDPat beam set and said dela~ beam 

set at said at least one fourth loca0on when both said beam sets me on; 

an image compcmem separator for separating energy from said at least one founh f 
locadon to provide diffe1emiated pulses. and 

tbirceelUh diRctiDg means for directing said dHl'elemiated pulses to provide said clock 

lS beam set of said clocbd bislab1e device, 

thereby providina a binary digit coume.r which fac.ilkates using binary input beam 

pulses lcmger than said first delay dine to clock said clocbd bistable device by differemiatinr 
said binary input beam· set to pmduce a ·1eading pulse having a COJISlaDi pulse leJl8d1. and a 

trailing pulse having a conscam pulse lengtb., said leading pulse being out of phase wirh said 

20 ttailiDg pulse, so that said cloctecl bislable device is able tO iespoDd to at least one of said 

pulses. 

62. The invemion of claim 61 inc1uding: 

a plurality of said binary digit coumms in a cucade series, said binuY input beam set 

of the first of said binary digit coumm in said cascade series having pulses to be counted, and 

2S fourceendl clhecdDg means for· directing Said ·outpat·of cich of said binary digit 

coumers into said binary input beam set of tbe nm said binary digit coumet in said ctiClde 

series. 
thmby pmvidiDa a binary counter ·by conmctina• a j>bualify of said binary disit 

comars in a cascade series· which· pmduces binary outputS repieienring pulse coum. 
30 63. The invemion of claim 59 including: 

an enabling beam set which holds· said set pulse on When SCJuD wave oscillation is to 

take place. said set pulse being_off·wbeD said enabling beam set is·off; 

·a delay path wllida bas a ·delay period; 

third directing means for directing a portion of said outpat along said delay path to 

35 provide a delayed bistable sipal. and 

bmh ditec1ing IDeaDs for dilecdDg said delayed bistable signal to said Rset beam set 

to provide said reset palses. said reset pulses being larger dJaD die sum of said set pulse and 

said feedbar.t sipal. 

the!eby providing a gated square wave enersY beam oscilJator by iepeitedly turning 
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said bistable device on or off at least once for each said delay period, and gating oscillalion off 
by turning said set pulse off. 

64. The invemion of claim 59 including: 

filSt and second losical ANDs; 

S a data beam set having at least one beam of energy modulated with binary 

information; 

an enabling beam set having at least one beam of energy modulated with data storage 

enabling informad.on; 

drlnt directing means for dilecdng a fiISt portion of said daal beam set into a filSt 

10 inp1u of said filSt logical AND; 

·fourth directiDg means for directiDg a second portion of said data beam set into a 

logical NOT means; 

fifth directiDg means for directiDg an output of said logical NOT means to a fiISt input 

of said second logical AND; 

15 sixth directiDg means for directing a fiISt portion of said enabling beam set into a 

second input of said first logical AND and a second portion of said enabling beam set into a 

second input of said second logical AND; 

seventh directiDg means for directing an output of said first logical AND to said 

trigger beam set to provide said set pulse. and 

20 eighth directiDg means for directing an output of said second J.osical AND to said reset 

beam set to provide said reset pulse. 

thereby providina a D-type bistable device by setting or lesettiDg said bistable device 

depending upon the Slate of said data beam set during the time when said enabling beam set is 

on. 

25 65. 1be invention of claim 59 including: 

a delay path; 

third dimcdng means for directiDg a portion of said output along said delay path to 

provide a delay period and a delayed-feedback beam set, and 

fourth directing mas for directiDg said delayed-feedback beam ·set to said reset beam 

30 set to provide said reset pulse. 

35 

thereby providing a one-shot device wbelein said output is pulsed ~ by said set pulse, 

held on duriDg said delay period by said feedback sipal, and tliea tumed off after said delay 

period by said delayed-feedbact beam set. 

66. An energy beam comroller comprisiag: 

a first beam set dincted towud at least one first location. and 

a second beam set modulared with comrolling infonDation and directed toward said at 

least one first localion so as to produce iDterfelm between said filSt and second beam sets at 

said at least one first location when both said beam seas me on. diveniDg energy from both 

said beam sets to at least one second localion in propoltion to said second beam set, mqy 
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from said first beam set beiDg absent from said at least o1ie second ·1ocalion when said second. 

beam set is off or in phase with said first beam set and being pnsem, at said.at least one second 
location when said second beam set is on and out of phase widi said first beam set, and 

an image component sepamor for separadng energy from said at least one second 
location to provide at least one output, 

tbeleby comrolliDg said at least one output using said second .beam set. 
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