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ENERGY BEAM CONTROL, SIGNAL PROCESSING, A
USING INTERFERENCE G. AMPLIFICATION, AND COMPUTER LOGIC

PHENOMENA
| REFERENCE DATA
Applicant hereby incorporates by reference Disclosure Document No. 343952, filed December
6, 1993, for Holographic Photonic Transistor , and Disclosure Document No. 352533, filed April 19,
1994, for Photonic Amplifier, Boolean AND, Power Amplifier, Photonic Controller, Avalanche
Amplifier. Filed in the U.S. Patent office. -

TECHNICAL FIELD
The present invention relates t0 energy beam control of wave-type energy beams including
electromagnetic waves, acoustical waves, and moving particles, optical computers, optical signal

* processing, optical signal amplification, and basic optical logic functions.

BACKGROUND ART

The "Optical Computing Method Using Interference Fringe Components Regions® (U.S. patent
No. 5,093,802, Hait, 1992) provides amplification by using constructive interference to remove encrgy
ﬁommemrgy-supplﬁngbmwﬁchmﬁmomdivenhgithmmoutpmﬂongwi&emrgy&oﬁa
modulated input beam. As a result, the amount of energy that appears in the modulated portion of the
output is greater than the amount of energy in the modulated input beam. '

The disadvautage of the prior method is that a portion of the energy supplying beam appears in
the output all the time. “This occurs because the prior art uses the most popular and well studied
interference effects, such as Young's fringes, where encrgy appears at the location of fringe component -
separation, whenever any one of the input beams is on by itself. See, U.S. Pat. 5,093,802, State 2
of Figs. 1 and 2, and Col. 6, lines 7 - 45, especially lines 36 - 40. However, there exist other
interference phenomena which may be used to alleviate the prior art problems. '

‘These special interference phenomena are produced whenever the geometry of the apparatus is -
such that energy from a plurality of beams causes destructive interference at the first location(s) where
energy from the input beams appears when any one of the input beams is on by itself. Since the law of
mmvaﬁonofemrgqutﬁmmmemgyinmebmnmbedmoyedbymedesmﬁve

- interference, when an out-of-phase beam is on, the energy must appear somewhere else. Depending on

the geometry of beam superposition, the energy will be reflected, or diverted to a position adjacent to
the first location(s), or at some angle in betweea. The important result is that energy from the plurality
of beams is actually diverted away from the first location(s) where destructive interference occurs and
on to a second location where oonsmuvemmemeoccurs,mdeoftheuuwherealeastone
mmbamappmsmﬂ:eabsemeofmer&rm .

In the most elementary examples, having only two input beams, two types of special
interference are manifest. With the first type, neither of the input beams contribute energy to the
second location when either one is on by itself. When both input beams are on, interference causes
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With the second type of special interference, theﬁ:stmpmbeamoonm’bmesmenetgymthe
second location when it is on by itself. When the second input beam comes on, interference causes
energy from both input beams to appear at the second location. Hmyever,energ‘yﬁ‘omtheseoond_

-beamdoesappearatthe-seepndlocaﬁonwhenitis.onbyitself.. '

Some embodiments and applications of the present invention is able to use either type of
special interference. There are some things, however, that require one type or the other, but will not
work for both types; e.g., the logical AND, discussed below: o

The individual beams, in either type of special interference, actually produce images at the
loeauonswheremtetferenoemkwplaoe even if these images are just simple spots. Thme:magasthen
interfere with each other.

In complex images, oneormoremmnbeamsmablewpmdm:magecomponemm(s)that
oorrespondtothesnmpleexamplesabove.Themputsaresubsetsofaplunmyofmputbumsthatfon_n
images. When only one beam set is on, and as a result its image is on, the energy pattern defines a set
of "first” locations by the presence of energy. When at least two of the subsets are on, interference
occurs between the two images, and energy from both images is removed from the first locations by
destructive interference. Thatenergy:hehappemat'theseeondlouﬁoﬂs)becmseofeom:cﬁve
interference. Thesecomdloeanomheomdeofmeamwhetedleﬁrstloanonsm

Holograms, espemllybmnotncluswelycomputergemtedhologtams hheotherpxcmm,
are made up of individual pixels. From each pixel comes a group of rays that eventually combine to
produce the wave-front reconstructed holographic image. As a result, each spot on the image is
produced by a group of rays from the hologram. The rays constitute.a set of beams. When a whole set

of beams are modulated in concert, the image it produces, and the complex interference that occurs
- between it and other images is also modulated. Interference between such images, made by subsets of

all input beams, malsoablembeusedwpmdweﬂwspeciﬂinmfgmphenqmausedbyme
present invention, :
mwwmmmmWMYmsm
usedinthepnorm:sthuenagyﬂomatla_stoneofthemputbm-.sets.whlcl_lappmsattheseomd
location(s), appears while interference is occurring, and does not appear at that location(s) in the
absence of interference. On the other hand, the input beams used in Young's fringes do appear at

’ thatsecondlouuon(s)mtheabsemeofmfereme whenanyofthosebwnsaxeonbythemselves

35

These special phenomena are analog in nature, in that the amount of energy that appears at the
secondlocalion(s)isptoporﬁomltotheamoumofenergyinﬂletwo-input-bamsotimagm.The
energyappeanngndlemondbmuon(s)hasbeendwmdﬂomtheﬁmlomon(s)

Ifonempntlsheldconsmt, and a second input(s) is increased, the amount of energy
contributed to the second location(s) from the first input(s) reaches a limit where the addition of more
energyindwmondmput(s)is:umbhwmsémmgy_ﬁomtheﬁminpm(s)mappmathe
second location(s). | |

mphmommybemhudmmglmmgycmmmmughmenseofmmlwelsfor
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mmmmummmmammofmmfummmm N
amounts of energy in their component parts. _ :

The present invention uses these heretofore-unused phenomena to produce a basic means and
methodofenergybeamcomolthathasduectapphmonmopucaloompmg photonic signal
processing, acoustic imaging, and moving particle imaging.

An additional difference between the present invention and nearly all of the prior art is that the
present invention operates at the full speed of whatever energy form is being used. For example, if
light is the energy form used, the present invention operates completely at the speed of light, as does
the invention disclosed in U.S. Patent 5,003,802 Any introduction of electronic, mechanical, or
acousto-mechanical components only serves to limit processing speed to that of the slowest component.

U.S. patent 5,239,173, by Yang, is an excellent example of an attempt to amalgamate light
with slow components, while also using Young's fringes. Yang states, in col. 2 lines 17 and 18, "A
mechanical or electro-optical shutter is provided at each slit so as to turn the light ON and OFF," and
restates this in his claim 1, col. § line 23. Opucalsensorsmdetecmrsmalsousedasnowdatcol 3,
lines 58 & 58, and col. S lines 61 & 62. 'I'hesealsohnntthcspeedofopemuontothatoftheslow
electronic sensors.

Electrons are simply too slow. Photons are much faster, and that is why the present invention
should be practiced without utilizing any components that require changes in the energy type used,
although the present invention is able to use one embodiment for acoustical waves for detecting or
generating acoustical images, while another embodiment is able to use light for processing those images

after they have been converted to optical signals.

YangalsoussYomgsfnnges Thlslsev:dentbythedescnpnonofhmﬁrstthreeﬁgumat
col._21me58tocol.3hne58wh1chdescnbesdoubleshtdxft’racﬂon,aoommontermofanfor
Young-type interference fringes. The fact that his AND device requires "two detectors working
cooperatively” (col. 3 lines 54 to 57) shows this to be the case. The "mull" as well as the "constructive
interference” at two different positions mmst be sensed in order to detect a state where both input beams
are on so that his AND is actually the result of ANDing two sensor outputs, and is not a direct result.
of using interference alone.

Asatesnltofmesemhetemmblemofthepﬁorm,ﬂ:ewholemmpmﬂpmofme
pvaemonmgwedmmememcumofeompomtsmthomreqmnngcomemonﬁomom
energyformmanothcr andtotheuseofspecmllmerﬁeteme wlnchxsabletoprodueeefﬁectsthat

Youngsfnngesdomt
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DISCLOSURE OF THE INVENTION

Thepmemmvmnonmabmmnsandm&odforcomoﬂmgomsetofbamofenergy
wdmammsetofbembyumngmeabovedwmbedspemﬂmmferemephemmmm
pomnonedalocanonswhmthemmﬁerememgesmmuwpmdmemgywmpomm
accordance with the interference states.

Bmusetheuseofspecmlmmﬁerencexscomplmlynewwtheﬁeld it necessitates the
msclommofahrgenmbuofcompomandcompommmomommamusedmwwmys,
requiring new organizational and interconnectional methods for accomplishing familiar tasks. Asa
result, this basic means and method is able to accomplish a variety of energy controf and signal
processing tasks, including active filtering, gated limiting amplifying, multiple bit binary information
storage, energy beam oscillation, computer logic, and signal processing, as well as a multitude of other
tasks and functions, which will become more apparent from a full reading of this specification.
1. Deﬁmnonofsometems

' Cetmntermsarehemndeﬁnedmordettomakethedlsclosmemoreclear

"Energy.” Thespec:almerfereme,phemmmusedbytheptesemmvennonmabletobe

produced with any type of energy that exhibits a wave nature including, but not limited to, sound,

' moving particies, electrons, light, X-rays, microwaves, or other electromagnetic energy. While the

present invention will operate using any wave-type energy, the description is presented herein in optical
terms for clarity and consistency of the description. The apparatus used to implement the invention
include any energy-directing element(s) or optical element(s), incinding holograms, that are compatible
mththetypeofenergymuse

"Beams and beam sets." Becmse:mgesaswellasmdmdmlbeamsateablembeusedmthe
present invention, the term "beam set” mcludesbums-thathavebecnproyectedmproduc_ecomple_x
images.Infact,asimplespot.produeedbyasinglebemnis_jnstas;ibsetofthepossib!eimagesthatare
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 analog information, is considered to include
the production of both simple spots and complex images, wherein the entire image or spot is modulated
in unison with the same information. As a result, images are the same as beams and beam sets having
multiple similar acting locations. The first beam set generally refers to a power or constant beam which
is normally held on, while the second beam set generally refers to a control and/or modulation beam.

‘Other beams and/or beam sets are as defined below in this specification, claims and/or abstract.

"Interference.” The present invention uses multiple beam interference of wave-type energy. As
a result, the terms "interference” and "special interference”, unless otherwise stated, refer to multiple
beam interference, and not 1o the projection of the type of images defined as "beam sets” above. A
complex example of that would be holographic images that are actually produced by interference as
individual images, but the images, in turn, "interfere” with each other when nmltiple images are
present. In this case, the type of "interference” referred to would be between two or more holographic

"Diversion, divert, and diverted” are used herein to describe the phenomenon that occurs when



WO 96/18964 ' PCT/US95/16455

10

15

20

30

35

5

destructive interference if pfesent. Normally, energy from a béain set that is on by itself contributes to
the total amount of energy at a first location(s), but does not contribute to the amount of energy
appearing at a second location(s) at that time. When an out-of-phase beam is superimposed upon the
first one, destructive interference occurs, causing encrgy from both beams to appear at the second |
location(s). As a result, the energy is said to be "diverted” away from the first location(s) and 1o the
second location(s) by the process of interference.

Some scientists have a different viewpoint of how interference works; however, the concept of
Mmkmmﬂﬁrapﬁﬁngﬁemaﬁwmpomofﬁepmhwnﬁommifm
complex processes are physically involved. The important point is that energy from a certain beam
appears at a location only when interference is occurring and does not appear there in the absence of the
second interfering beam.

Input and output "levels" refer to energy levels rather than amplitudes per se, even though it
may be obvious from the context that amplitade behavior is important; after all, it does form the basis
for understanding interference effects. However, beams - even tiny beams - do have a cross-sectional
area, which brings the concept of energy levels into the picture. Amplitudes and intensities may change
depending upon the apparatus used. A given amount of energy is able to be focused onto a small area to
increase the amplitude and the intensity, or be spread out onto a larger area, reducing the amplitude and
intensity, while the total amount of energy remains the same. However, while adding energy to the
modulated portion of an information-carrying beam produces amplification, reducing that energy is
attenuation. Theacmalamphmdeandmcovemdmabletobeadjuswdasmededbyﬂxepmper
selecnonoftheopuesused.

"Phase, inverted and uninverted.” Theenergybumsandbumsetsfnncnonascamuwwes
for the operation of the present invention. As a result, some confusion can arise over the use of the
term "phase,” since it could refer to the phase of the carrier wave itself, or of any modulated waveform
envelope impressed upon the carrier wave. In this disclosure, the term "phase” always refers to the
carrier wave phase that is able to determine if constructive or destructive interference will occur at a
location when it is superimposed upon another carrier wave. Such terms as "inverted” and "uninverted”
refer to the modulated waveform envelope, and not to the carrier wave phase. When an amplitude-
modulated carrier wave is said to be “inverted,” it is turned off during the time the "uninverted” carrier
wave is turned on, as is the case with its analog equivalent. '

"ci" is constructive interference.

*di* is destructive interference.

comouer‘isﬂnebamcumtofmcpresemmvemonasexplumdmsecuonszmsbebw
2. The basic means and method using the first type of special interference.

Thepmmvenﬁmisabasicnmsandmemodofmmmngaplmﬁtyofemrgybm
semm&alemomsetofdwplmhqofemrgyhamsm,mgthmhmfommsedspwﬂ
interference, comprising the steps of: - o

a. pmdumngaplmahtyofmpmbumsasmclndmgaﬁmbmsahvmgaleastomﬁm
xnpmbeamofemrgy,md;mondbumsethavmgalemomseeondmbumofmy
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mdulawdwnhcomonmgmfonmuomWhemnmcﬁrstandswombamssmmduemdto

at least one first location;

b. pmdwngmerﬁermemmmaplmahtyofmpmbumsesathealustomﬁtstlmon,
dwmng-emtgypmpomomlmmesecomwmsetﬁomtpe_plmmyofmpmbmmma
least one second location; whereby energy from the plurality of input beam sets is absent from
maalmomswondlocaﬁonwhmeidlermbothoftheﬁrstandsecoﬁ-bmsesmoﬂ
andwhenﬂleﬁmbamsensmphasewnhsudseeondbeamset,
(ﬁmmtheﬁmwpeofspemlm&mmewhmmofmempmbeamswmbmesemrgy
to the second location(s) in the absence of the others)

C.  separating energy from the at least one second location to provide at least one output,
thereby producing an energy beam controller of the first type.

In each case, all of the rays in a beam set operate in concert with each other to produce images
at the location(s) where the various image components are separated, directing energy into the outputs.
When at least two beam scts are on (and out of phase with each other), the images interfere to produce
a composite image having an energy distribution which is different from the images produced by the
individual beam sets. Sepamﬁonisihenablewtakeplacebecaﬁseﬂwspaciallocaﬁonsofme
distributed energy either conform to output positions (producing an "on” or "high” condition having a

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

*off” or "low" or reduced output condition).
"Separation, " mexdwtcase,lsabletobeaeoomphﬂwdbythemteglcposmomngofany
element (optical or otherwise, depending upon the energy form used), that permits energy from one _
location to exit into an output while blocking energy from another location from getting into the output.
Thissepamorisabletobeassimple'as'amaskwithaholein--it(asillnsuated),ascomplexasa
hologram that directs energy from one set of locations in a different manner than it does when the
emrgyw:pes&omwmeoﬁusetofhmﬁ,oudeﬁeemchuamgimﬂyplwedendbfu

: Wﬁm.mmmﬂmkm&gmy-kwmethm,m'_

30

35

does not appear, in a certain output according to the teachings of the present invention.

The present invention is also able 1o use more than two beam sets as inputs. The complex
combmanonofmegmupmlldetexmnethcompm Toptoduceanompnt any two of the inputs must
be on and out of phase with each other. Beamsthataremphasemﬂpmduceconstmcuvemﬂ:erthan
desmmmemxferemeuﬁeﬁmlomon(s).ﬁewmhmomofwobmofmmmm
also able to produce a combined signal that is completely out of phase with a third beam set and so on.
As a result, many complex means, methods, and devices are able o be produced from the present
The above list of steps describes the use of the first type of special interference where neither

' ofﬂ:zinputsconnibmesenergymtheoumnwhenonlyoncbuméetison. The-second list of steps,

below, uses the second type of special interference, whezeatleastoneofthempntbumsetsdoesnot
conmbmeenergytomeoutputwhenonbymelf :
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3. The basic means and médiod using of the second type of special interference.

A means and method of controlling one set of beams of energy with another set of beams of
energy, comprising the following steps:

a.  Producing a first beam set having at least one first input beam of energy directed toward at
least one first location. Whether the "beam set” is only one little beam, or a whole group of
rays that form an image, they are directed to where interference is going to be produced at
certain times. The "at least one first location” is able to be a simple point, or an image made
upofmanylocauonsmatwmﬁmcuonmumsommmsetmﬂwonethmdmmtshow
up at a second location in the absence of interference; '

b.  Producing a second beam set having at least one second input beam of energy modulated with
controlling information. This is the beam set that does contribute some of its energy to the
second location when the first beam set is off, and is the primary difference between the
second type of special interference and the first type explained above;

c. _ Producing interference between the first and the second beam sets at that at least one first
location, when both the beam sets are on, diverting energy from both the beam sets to at least
one second location in proportion to the second beam set, whereby energy from the first beam
set is absent from the at least one second location when the second beam set is off or in phase
mﬂxtheﬁrstbmsaandwpmamealustomsewndlocaumwhmmesecondbeam
set is on and out of phase with the first beam set,

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

'_ when both beam sets have an equal level, the maximum amount of energy occurs at the second

"~ location(s) because complete destructive interference occurs at the first location(s). At input
levels, and phases in between, the level at the second location(s) is proportional to the input
beam sets, depending on the bandwidth of the implementation, explained below.)

and

d.  Separating encrgy from the at least one second location to provide at least one output,
thereby producing an energy beam controller of the second type.

4. Foreview of more complex embodiments. o

A suitable name for this basic arrangement, usmgemmtypeofspeculmrfemme isa
"controller.” One could even refer to it as a type one controller or a type two controller. The common
name is "photonic transistor;" however, the word controller is used herein, becsuse the invention is able
to use non-photonic energy. :

This basic invention is able to be reproduced and interconnected with itself and other devices
to produce a great variety of useful functions. To accomplish this interconnection, the precise
locations, phases, timing, and relationships to various component types are required. -

To provide an understanding of these requirements, 3 limited number of interconnected
processes are herein disclosed that use selected principles that are not obvious in the prior art. Once
taught, these basic components and interconnecting methods are able to be rearranged and
interconnected for producing an even greater variety of functions. :
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To begin with, an explanation of some very basic processes that explain the operation of the

-~ basic invention and the differences that occur depending on which type of special interference is being
- employed is in order. Such items as the logical AND, amplifier, gated amplifier, limiter, phase

demodulator, phase comparer, active filter, cascading one into another, and the use of feedback are
defined. Each of these items results from defining the input types to produce various kinds of outputs.

A further explanation of some of the more complex components that use several of these
principles to accomplish more complex tasks, such as time division nmitiplexing and denmitiplexing,
and frequency division demultiplexing, along with logic devices such as a bistable flip flop and a multi-
bit flip flop that is able to store frequency mmitiplexed bits, will then be undertaken.

The principle of input beam summing and how it affects an amplifier with and without
feedback makes it possible for the present invention to act as a threshold detector. Selection of input
levelswid:inceminmgesmultsinavarietyofuseﬁﬂprooesm.inc_ludingeonmumerlogicsuéhasa
setireset bistable flip flop, a multiple input AND, and a multiple input OR.. |

Special timing and phase relationships are needed to clock a set/reset flip flop. The process of
energy beam differentiation is a new one. Itlsmededmoxdertosausfythenmngneedsofaclocked

flip flop so that it is able to be used as a binary counter.

Using special interference opens the way to an entirely new field of invention. Some of the
pﬁnciplestaughthcxeinhavempoumerpaninelecmnicsm,myotherpﬁoran..Othashavea
counterpart, but must be used in unique ways. Consequently, these many items have not been included
just for the fun of making a big application. Each of these many requirements for using the present
invention needs to be taught. And each one has been selected so as to teach a particular aspect of using
the basic invention. ' '

5. The logical AND.

ThepnmrydlﬁuemebetweenmemotypesofspemﬂmmferemeandYomgsmngesm
easily illustrated by the logical AND. Using the first type of special interference, a two-input AND
gate is able to be made, because when cither of the two inputs is on by itself the output remains off.
(Note: "off" is able to be anything between. full "off* and a low state in comparison. to an "on” or high

'sute,becwsesomeimplemennﬁomofdleprmm_invenﬁonmyleakenergyi Soevenlfsnch

implememﬁonsarenotperfect,theymaystillbe_useflﬂ.)Onlywhenbom_inputsa:eondoesenergy

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

Thus, in order to produce the logical AND using the present invention with the first type of
special interference, meonlyaddiﬁonalstepnecessuyistomdlﬂmtheinpm.beamswithbimry
mformanon, and the invention will accomplish the AND function. -

TheseoondtypeofmrﬁeremewﬂlnotworktoprodlmalogmlAND becauseenergyfmm
oneofthebeamsdoesapparmtheompmmtheabsenceofmo—beammxfereme whxchofcoursexs
contrary to the definition of a logical AND.

Youngsmterfereme asusedmthepnoran,alsofaﬂstopmudedlelog:calANDfnncnon.
Yomgsmetfemmepmdesenergywmeoutpm.whenenherorbomwﬂlemputsmon In the
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prior art, that is described as an OR,
There are other ways to produce a logical AND; one of the most interesting is with the use of
a threshold detector. Ihiswﬂlbediscussedbelow,asﬂlerearesomeﬁmdamnnnomcptstbatnegdm

be taught first.

The following sections explain how the present invention responds to changes in input levels.
6. Basic amplifier and gated amplifier.

Anplification is able to be accomplished using either of the basic embodiments described in
sections 2 and 3 above. |
| Evendxmgh&eﬁrstbenmset(powerbeqm)mnnimonasasubsmﬁaﬂycommmenergy
level, the output will be off in the absence of the second beam set (the control beam). Either type of
speddinmfemweisablembeused,bmmeulemomoftheinpumﬁmﬁomtbismy.

When the second beam set is modulated with analog or binary information, the output will be
mampﬁﬁedvetﬁmofmemmﬂawdimmmmgy&omMOfmeimm'bummkdivmed
mtotheoutpmmpropomonwdlelevelofthesecondbeamsetandnsphaserelauonshxptomeﬁrst
beam set.

chesecondbenmsethasamximmlwdequdmthatofﬂwﬁmbmsaandismcﬂy
lSOdegrwsoutofphasewithﬂ:eﬁrstbeamset,andprovideddleopﬁcsarenotsloppy,dunuctive
interference will occur at the first location(s). In this case, all of the energy will be diverted into the
areas of constructive interference at the second location(s) which lie(s) outside of the.area where the
first beam set appears in the absence of interference. As a result, the energy level of the combined
output 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 contribution of

30

35

emrgyﬁomboﬁbeamsmpropommmtbclm](mdphsemhuonshp)ofthesecoﬁbmsct
The procedure used in making an amplifier is:
a. Usethcbas:cmvennonmunhnngenhertypeofspecialimeriereme,and'
Maintainth:ﬁrstbenmsetatasnbmnﬁaﬂyeonsnmabov'e-mlevel,
thereby providing an amplifier by producing an amplitude modulated uninverted output having
more energy than the second beam set has. |
If the first type of special interference is used, the amplifier is able to be gated on and off by
turning the first beam set on and off, thereby providing a gated amplifier by producing an amplitude
modnlatedoutputhavmgmomenergythansudseeondbeamsethas andganngthcamphmde
modnlatedoumutoft’andonbymtchmgdleﬁtstbmsetoﬁ'andon.
Themsonthemondtypeofmemmnamphfybmmumblembemdoﬁby
shumngoﬁtheﬁ:stbmsetm&aammduﬂwtpmﬁommeseoondbamsuappmmmeabm
of the first beam set.
7. Inverter. o
Energy diverted into the output by interference produces an "uninverted” output. That is,
when the control beam is on, 50 is the uninverted output. That diverted energy is removed from the
power beam and the control beam so that their contribution to the first location(s) is diminished.
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Directing the remaining energy from the first location(s) to a separate output produces an inverted
waveform envelope. This inverted output operates differential to the uninverted output. :

If the modulated input is modulated with binary information, and the inverted output used,
then the logic element produced is a logical NOT using either type of special interference. When both
input beam sets are modulated with binary information, and the first type of special interference is used,
the result is the EXCLUSIVE OR. These functions are the same as those of the prior art; however,
here they result from using special interference rather than Young's interference.
8. The limiter. .

lhepteseminve!ﬁmisdmabhmﬁmﬁonasaﬁmiﬁngampﬁﬁﬂ_udngeimqueofqudﬂ
iuterference. When the first beam set is held at a substantially constant level, it establishes a saturation
level (depending on the exact optics used). When the second beam set is below that saturation level,
the output will increase, as described above, producing an amplified output.. However, as the level of
the second beam set increases, more and more of the.first beam set is diverted into the output.
Eventually, a saturation level is reached wherein a further increase in the input level of the second beam
set fails to divert more energy from the first beam set into the output because there is no more energy
available in the first beam set to be diverted.

Wmmofmeemtgyﬁomﬁeﬁmbmsetmmmvawdmmﬂwmamphﬁm
hasmchednsmmmumvahe. Dependmgontheopnmlamgemntused,msmgthewond
beam set even more may or may not increase the output level. Amplification is curtailed, however,
because the first beam set simply has no more power to contribute..

The procedure used in making the Iimiter is:

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

from the first beam set into the amplitude modulated output, : :

merebypmvmngahmmbypmdmgmamphﬁedoutpmwhenthesecondbmsetm
wwmmmd,mmmhﬁmofmmmmmm@mwmmem
beam set exceeds the saturation level.

More information about limiters using the two different types of special interference is covered
in item 38 below, "Basic theory of operation.” '
9. Time division muitiplexer. ' _

Amngmemanypmcessesanddemesthatueablewbemademmgatedamphﬁemmaume
division multiplexer. Theprocedmeusedmbmldmganmedmsmnmﬂqplexens
Provide a phurality of gated amplifiers; '
Dnectﬂncoutputsoftbegatedamphﬁetsmatleastoneﬂmdlocauon.

Direct energy from that third location to provide at least one common output;

Modmﬂateenchoftheseoondbmsetsofﬁegamdamphﬁmmthmfmmonmbem

division multiplexed, and '

e. Sequenﬁﬂlysmthemﬁﬁusmbysewnﬁﬂlypulsinsonﬂwwwmwofﬂw
mﬂebypmMngamdwmmmNuplexerbysequemaﬂymgmgmlmfommﬁom

| I -
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each of the second beam sets of the plurality of gated amplifiers into 2 common output.

There are several ways of providing sequential pulsed beam sets. One simple way is to
provide an initial pulse, direct a portion of the pulse beam into several delay paths, each having a
dxfﬁemmlength,thendnectenchdelaypathmasepmtegatedamphﬁu
10. Time division demmuitiplexer.

A time division demultiplexer is very similar to the time division multiplexer, except that the
inputs are common and the outputs are separate. The procedure used in building a time division
demultiplexer is;

a.  Provide a plurality of gated amplifiers.

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

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

d. Sequemaﬂygmmhamphﬁabysequmaﬂypulsngmmeﬁmbumsetofuchmve
amplifier during each successive sequential time division,
thetebypmwdmganmedmaondemﬂnplexerbysequemaﬂygaungnmed:mon

multiplexed information during each time division into a separate output of each of a plurality of gated

Time division multiplexing is an important way of directing a variety of information sources
into a common transmission system. One example is the multiplexing of telephone calls into a fiberoptic
cable. The present invention has a tremendous speed and bandwidth advantage over existing technology.
Umg&epmemnvennmfor&mﬂphomsm&hmgofﬁbuopﬂcmgnﬂsmnmsemeupmty
of fiber trunk lines.

Unmmeslowehcuomcmrfaeeshawbeenuphcedmmmowmconesofmepm
invention, time division multiplexing utilizing the present invention will allow a large number of slower
electronic systems to be multiplexed into a high bandwidth optical link by modulating each of the
separate input lines of the muitiplexer with a separate electro-optical modulator, and each separate -
output of the demuitiplexer with a photonic bistable arrangement and an electro-optical sensor.

Essentially, the mmitiplexer and denmiltiplexer are a parallel-to-serial converter and a serial-to-
parallel converter. '

The following sections explain how the present invention responds to changes in phase and
11. Phase demodnulator.

X the control input of the above-described amplifier is phase modulated, an amplitude
modulated output will result thereby providing a phase demodulator wherein the amplitude-modulated
outpmisuahighlevelwhmﬂw.ﬁrstmdseoondbamsetsueofopposiwphase,ata-lowlevelwhen
the first and second beam sets are in phase, and proportional to the phase of the second beam set in
betweenthosetwophaseemem (Seethe *Basic theory of operation” below, and the discusion of
bandwidth.) ' -

Dependmgontheopnesused theomputsngnalproudesaclean,mhmde-modulawdslgml
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that is free of any phase-modulated component because constructive interference occurs at the second
location(s), which is in phase with the first beam set. However, if the output location(s) are not located
directly at the position where complete constructive interference occurs, the amplitude-modulated output
will contain some phase-modulated component.
12, Active filter.

‘The present invention is able to be used as a phase and frequency sensitive, precision active
filter using the first type of special interference. If either of the input beams contains energy that is not
of the same frequency and opposite phase of the other input, no uninverted output will occur. Asa
result, the present invention is able to be used to demmitiplex frequency multiplexed signals, distinguish
colors, and demodulate frequency-modulated and phase-modulated signals. -

If more than one color (wavelength) is supplied to both beam sets, a single device will operate
independently and sinmitaneously at each wavelength. As a result, the present invention is able to be

-used to switch, separate, and organize broad-band signals.

By supplying muitiple-wavelength energy of a substantially constant (above-zero) level(s) as the
ﬁrstbemsetofaggtedgmphﬁer, along with a multiple-wavelength second beam set, an amplified

signal that matches each wavelength that occurs simmltaneously in both inputs will appear at the output.

By switching the individual wavelengths of the power beam set on and off, theﬁlmngproc&sslsable
to be gated for selecting and demmitiplexing the matching signais. _

A plurality of these active filters are able to be used either in parallel, or in a tree structure to
demultiplex frequency multiplexed signals of all kinds, mludmgthosenmdmopucalﬁber
transmission, microwave and even radio. :

The active filter uses the present, basic invention by adding these steps to the means and
a.” Providing the first beam set with energy at a constant above-zero-level having at least one

wavelength, and often several wavelengths;

b. Smtchmgwavehngthsoftheﬁtstbamsuoﬂ’mdmmgawﬁlmngofthosemdmduﬂ
wavelengﬂmoffandon. '

c. Prowdmgthesecondbamsetmthemgyamlnplewavelengthswbeﬁlmedand

d. Pmduungspemdmerferememﬁasubsetof&emﬂnplewavelengﬂ:smmhngtheﬁrst
beam set wavelengths and rejecting all other wavelengths,

thereby providing a means and method of gated active filtering by producing an output only at

| wavelengths that exist simuitaneously in both input beam sets.

35

" 13. Removing signals using an active filter.

It should be noted that either type of special interference is able to be used for filtering, but the

relationships between the input signals-and output signals in the second type of interference differ

somewhat&omthosemﬂwﬁrsttypeofmerfereme

With the second type of interference, theﬁltemd,umnmtedoutp\nwmconmnaconmbunon
from the second beam set unless the second beam set is equal to and in phase with the first beam set's
wavelengths, mwhcheaseconsmvemrferemew:ﬂoccurattheﬁtstlocauon(s)atthose
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wavelengths removing that energy from the second location(s) and the uninverted output.

- Adding an inverted output, as with the inverter above, produces an output which is differential
to the uninverted output at every wavelength present in the power beam, but is not differential at other
The procedure for producing a differential active filter, using either type of interference, begins
with an amplifier with an inverted cutput and continues with the following steps:

a.  Providing the first beam set with its substantially constant above-zero level energy having at

least one wavelength; '

b. Pmdmgthesecondbamsetmﬂ:mnluplewavelengdlstobeﬁlmedand o
Producing interference with a subset of those multiple wavelengths that match the at least one
wavelength in the first beam set to divert energy of matching wavelengths away from the first
location(s) and into the second location(s), :
thereby providing an inverted active filter by producing an inverted output deficient of
wavelengths which exist simuitaneously in both input beam sets. This inverted output is differential to
the uninverted output, just as with the inverter above, only in this instance, inputs having a variety of
wavelengths are provided for the purpose of filtering, removing, and separating one wavelength from
another while preserving any mformanonprmmmthewavelength(s) being ﬁlﬁered
14. Frequency demmitiplexer.

Frequency multiplexing is easily performed by combining individually modulated signals of
different frequencies into a common beam path. Denmlnplenngismorecomlex The procedure used
in building a frequency demultiplexer is: :

a. Proudeaplmahtyofacuveﬁlers

b. medea&equencymﬂuplexedbenmsahawngaplmahtyofmdnﬂmdwavelengms

c. Duectapomonoftheﬁequemymﬂnplexedbamsctnmothesecond(control)benmsetof

each filter, and

d.  Provide the first beam set of each filter with a different frequency of energy matching each of

the plurality of modulated wavelengths,

mmbypmvidingaﬁequemydemlﬁpkxerbypmducingasepanwmduhwdoutpm,ﬁom
each filter, matching each different frequency.

The second type of special interference is not used, benuseﬁ'equencxesnothavmgamatchmg
power beam will pass through into the output. _

Ifmesecondbeamsetsofthemveﬁlmsuseﬂ:esamemputandﬁtsﬂouuons step c. above
happens simultancously as the energy is being directed to that first location. Each frequency will
prodmeamatadlffetemlomon,whmmesepameoutputsareuken. o
15. Phase comparison.

Whm&eﬁmqpeoﬁp&iﬂimﬁmmeisuwdwi&minpnmof;hemhvd,meompm
mmuwmmmmmmMﬂwmwmmlwmmm
locations are used, which produces an averaged, broadband device. If a narrow band device, havmga
small number of location sets, or even just one, is used, then the phase will have to be more precise,
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and the output will not be proportional through the eatire range of phases from O to 180, Precision
engineering is able to narrow the phase bandwidth to cover a smaller range.
(Sec the discussion in "Basic theory of operation” below.)

In either case, the process used in building a phase comparer is: :

a.  Provide the first and second beam sets with energy having phases to be compared, and
Use the special interference to produce an cutput that is at a high level when the first and
second beam sets are of opposite phase, and at a lower level at other phase differences,

- thereby providing a phase comparer. -
If both input phases are variable with respect to that used in other components, additional
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 fiops.

mepnmzpleoffeedbackhnsseveralmommapphcanonsmthepmemmvennon For
purposes of building a flip flop, a portion of the uninverted output is redirected, extherduectlyor _
through an intermediate process, and fed back into the second beam set. Initially the output is off, and
so is the feedback signal. S ' :

When a set pulse also enters the second beam set, it is amplified in the output. A portion of
that output is fed back into the second beam set, which is again amplified, making the feedback signal
larger, etc. This is regenerative feedback. f

The percentage of output which is fed back and the organization of the optics determines how
the process operates. If the feedback signal is large, the amplifier will be driven quickly into saturation;
if it is small, the amplifier will regenerate to produce a greater output, but will not saturate.

Pulsing off either the first beam set or the feedback signal will reset the bistable arrangement.
Either type of special interference is able to be used because the energy needed to maintain the set state
comes from the first beam set. Because the control beam is off during reset, shutting off the power
causesthemtpmtoshntoff mmngoﬁthefeedbwkheamalso

maddmonmusmmalbnmrymfomauonsmgeﬁmomthxstypeofﬂ:pﬂopmablembe
madeverysensmvebyproudmgahrgefeedbacksngml. This sensitivity allows the flip flop to be set
bywmaﬁnglemopeﬂyphnudphbmﬂh&emndbmsuhwhgawdmgﬁwﬁcbmmm
first beam set's wavelength. As a result, it is very color and level sensitive.

Moreover, by powering it with multiple-wavelength energy, muitiple bits are able to be
frequency muitiplexed using the same components. The procedure used in building such a flip flop is:

a.  Use either type of controlier;

Mmmmeﬁmbumsetaambsnmanywmww&mhvdmmmgyofmﬂnplewwemms

Pnlsethesecondbamsetmmﬂxemrgyhmngalmonewwdmgthwhchmmbs_at _

least ome of those multiple wavelengths; ' _

d Dnectapomonofmeompmmwmeseoondbmsaasafeedbackmgmlmholdmeompm

.on at each wavelength pulsed on, and
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d.  Pulse either beam set off as a reset signal to terminate thé output, and turn off the feedback
signal to hold the output off for each wavelength pulsed off,
thereby providing a miti-bit bistable function by holding the output on for each wavelength

set by the set signal, and holding the output off for each wavelength reset by the reset signal.
Omwayofpmvidingaﬂipﬂopmisnmwsensiﬁvem-éhmgesismusemoinvmm

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

U.S. patent 5,093,802. However, that invention uses Young's type interference. '
Bmﬁepmmhvmﬁmdmﬁmﬂomasaphse—sensiﬁveacﬁvemm,mmﬁbitopenﬁm

is also feasible, producing a clean, uninverted, frequency muitiplexed output. The procedure used in

building such a phase-sensitive active filter is:

a.  Provide first and second inverters;

b.  Maintain the first beam set of both inverters at a substantially constant above-zero level with
energyofnmltiplewavelengﬂw

‘. Direct the inverted output of the first inverter into the second beam set of the second inverter
mholdthemvemdompmofthesecondmvmoﬁauchofthemﬂuplewwelengms
present in the inverted output of the first inverter;

d.  Direct the inverted output of the second inverter into the second beam set of the first inverter
mmldmemmwofmﬁmmvmo&aachofmm&plewavelengmspmem
mthemvemdoutputofthesecondmvemr _

e. medeasetmgnﬂbypulmsmmesecomwmsetoftheﬁmmvemrmthemgyhavmg
at least one wavelength which matches at least one of the multiple wavelengths, and

f.  Provide a reset signal by pulsing on the second beam set of the second inverter with energy
having at least one wavelength which matches at least one of those muitiple wavelengths,
thereby providing a muiti-bit set/reset bistable function by holding the uninverted output of the

first inverter on for each wavelength set by the set signal, andholdmgtheumnvemedomputofﬂleﬁrst

inverter off for each said wavelength reset by the reset signal. :
Beumethetwommmbdameagmnstmhom.ﬂwsaammwmhawmbehrge

- enough to overcome the balance to drive the flip flop into the new state. Pulses that are too small t0

30

35

cause a state change will not affect the state. Mammﬂt,}hisamgemmislessser_siﬁvetoinconﬂng
Anotherwaymredwemesensmvrtylsbymgthresholddetecm

'17. Threshold detector.

Threshohdewcnonlsablembeaceomphshedumngﬂwpmmvemonsothataschmu
trigger, a neuro circuit detector, a fuzzy logic element, an AND, an OR, and a less sensitive set/resct
flip flop are able to be produced by simply supplying the needed sumber of inputs and adjusting the
threshold level so that the process responds as needed.

The prior optical art has no counterpart using Young's interference, mdsothcmethodof
Wmhvmmmmmmmmmmemmmwn
analogy is able to be made with the electronic world, but the architecture of the present invention
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mﬁusbeuuseofmereqmmmmsofbmphmngaMsemngthemhuwkveboimﬂuphmpus
mtwmnnonmecnucalnmngwdedtoopemeenergywavemmnons

The basic principle of multiple-beans summing provides the needed input signals for threshold
detection. Beam summing is able to be accomplished by directing mutiple beams into the first and
seeondlocauonsofanamphﬁetlhmterlphaseﬁltermacontmllerhawngasubmyconstamﬁrst
beam set of at least one wavelength. .

However, separating the summing location(s) fromthe anmhfymg loeauon(s) allows muluple
inputs to be summed prior to amplification, while providing a much clearer understanding of the basic

- principles involved. Therefore, a third location(s) is used where a number o_finput signals are summed.

After the input signals are summed at the third location(s), they are separated and directed into
the second beam set of the amplifier. As a phase filter, the basic amplifier, using either type of special
interference, responds by producing an uninverted output only when the modulated input has the proper
phase. Thenmmenedompmwmthendependnponthewmlmofmempmsrdanvetotheﬁm
beam set. :

mesnmmng(ﬂnrd)locauon(s)opemcmamalwaydmmhsthmhoﬁdetecﬁon
posﬁble.mmmmoqpesofmpm_bmsmmmesqmmngmmon(s).mﬁrsttypem "trigger

‘imputs”, and the second are “threshold-controlling inputs. " These two types are 180 degrees out of

phase with each other. In complex arrangements, some of these input beams have special assignments,
andareg:venspecmlnamessuchas "set” or "reset" inputs, yet.they provide energy that is in phase
with one type or the other.

Under the principle of superposition, the amplitudes of. the. superimposed beams add
algebraically. The sum of all trigger beams balances the sum of all threshold-controlling beams. The
total algebraic sum of the two sums has the interesting and useful quality of being in phase with the
threshold-controlling beams whenever the sum of ail threshold-controlling beams is greater than the sum
of all trigger beams. That total is out of phase with the threshold-controlling beams whenever the sum
of all trigger beams is the greater. If the two sums are equal, the wtalsum:szero

~ Ifany of the input beams were not zero or:180 degrees, a combination phase would result
(with broad band optics). However, because the inputs are of one phase or the other, the sum will be
only one phase or the other (or off if they balance).

Ifmeas:omofthemzeshom-eomumgm:sheMaumbmmﬂlycommlml and
the level of the sum of the trigger beam(s) is increased from zero, the amplitude of the total sum will
decrease, but its phase will remain the same as that of the threshold-controlling beam.

Energy from the summing location(s) is separated and directed into the control input of the
amplifier, having a phase upon arriving that holds the amplifier at cutoff (uninverted output off).
Because any sum that produces this same phase produces constructive interference at the first
locauon(s),ﬂlemputleveltotheamphﬁerhasnoeffect mamphﬁermnsmcutoffmgardlessof

. fluctuations in the input levels.

Whmthemggermpmmeqmlsthemmhom-comnmgmtbcmalmmm,asa
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result, the output of the amplifier remains cut off.
© - As the trigger sum rises above the level of the threshold-controlling sum, the total amplitude
rises. However, its phase has switched 180 degrees, and is now in phase with the trigger sum. If the
trigger sum saises rapidly, the phase of the total sum will not pass through all of the phases from zero
to 180; rather, the phase jumps from zero to 180, This sudden phase change principle is used for

threshold detection by detecting this phase change. As soon as the control input to the amplifier sees the

pew phase, destructive interference takes place at the first location(s), and energy appears in the

10

15

35

As long as the threshold-controlling input is held constant, it will establish the level at which
this phase cross-over takes place. Without this balancing input, the amplifier will be sensitive to the
slightest input; its threshold level is zero. However, adding the summing location(s) ahead of and
outside of the amplifier allows a threshold to be established at some point above zero.

- By changing the threshold-controlling sum, either by changing the level of the main threshold-
controlling beam or by adding beams of either phase, from various sources, with various timings, a
considerable variety of functions are able to be accomplished from this basic threshold detector.
smmmmmmmmmm,mmmmmmmmmofmm
detection is:

a.  Provide at least one trigger beam set having at least one beam of energy directed to at least one
third (summing) location, modulated with information to be threshold-detected;

(When this arrangement is used as a schmitt trigger, this trigger input is analog-modulated with
the information that is to be digitized by turning on the output whenever diis input is above the
threshold. When it is used as a neuro detector, fuzzy logic detector, AND or OR, thlsamngememhas
amulnmdeofmggermpmsthatmallmphasemthmhodm)

b. Prqwdeammshom-comonmgbeamsuhxvmgalastombamofemrgyaasubsmﬁmy

- constant level directed to the third (summing) location(s); |

(This input determines the threshold leve! that the arrangement will respond to. It is out of
phase with the trigger beams.)

c. Produce destructive interference with the trigger beam set and the threshold-controlling beam
set at the third location(s) when the trigger and threshold-controlling beam sets are both on, so
that the combined phase of energy at the third location(s) is in phase with the threshold-
controlling beam set when the trigger beam set is smaller than the threshold-controlling beam
set, and is out of phase with the threshold-controlling beam set when the trigger beam set is
greaterﬂnnthcdmshold-conn'ollmgbamset.

(This "third" smnnnnglocanon(s):susedtommthevanousmputs Whenthemputshave
onlyoneoftwoopposmgphases sepmungthemmofallmputsmtmslomon(s)wmproducea
signal that is of either one phase or the other, but not in between;

(The threshold-controlling input is kept constant during the time when threshold detection is to

- take place. If the trigger input(s) are off, the output from the third location(s) is of a phase that does
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not pass through the limiter.) : . _
d.  Direct energy from the third location(s) into the second (control) beam set of the phase
demodulator, '

membypmmngaﬂnesholddewcwrbydemdulmgphasecmgesmmecombmdmrgy
at the third location(s).

Ihephasedemodulmroftheptmmmvemmpmducesmoutpmonlywhenusmommu
beam sets are of opposite phase. When they arc in phase, constructive interference rather than the
desmﬁveinnrferememededmdivenenergyimomeuﬁmemdoutpmwmamp"ﬁm
location(s). " .

At this point, the threshold has been detected, becansetheamphﬁerwxllpmdweanoutput
onlywhendleslmofﬂlemggermput(s)lsgreuterthanthemmshold Whendlemggermplnfalls
below the threshold, theamphﬁergoesagmnmemoff Thus, 1fthepamcularuseﬁorth:eshold
detection requires that the "turning on" threshold be the same as the “turning off” threshold, along with
a binary output, Mthepowerbeamoftheamphﬁensadjustedsomatsammonownsatlow
control beam levels. Thcmnnvertedouqusﬂlenabletobecasmdedmmanmheramphﬁer,lfme
power is needed. . . .

Inmybmarymrcmts therexsamngeoflevelsavaﬂablesothatdnemn—onandmm—off
thresholds need not be the same. Byraptdlychangmgthcthrahold,theamphﬁulsabletobednven
qmcklymmenhasamuonorcutoffnponmchngthedmshold . :

Two interrelated principles, feedback and schmitt trigger snap action, are explained above in
the discussion of flip flops. - Next a feedback signal is added to the threshold detector.

Thediﬁaemehmis&aﬁeﬁeedbackﬁgnﬂ,wﬁchismﬁeﬁﬁomaporﬁbnof&euﬁnvemd
output,isdimcwdhmmesumnﬁnglocaﬁon(s)asanaddiﬁonﬂ_uiggummnomofphasewimme
threshold-controlling input rather than being fed directly inso the control input as befre.

When the threshold is reached by a slowly rising trigger input, the uninverted output comes
on, directing energy along the feedback path. If that path is short, the time delay will be negligible in
comparison to the rise time of the trigger input. 'If the delay time is not negligible, then it must be
accounted for in the design of the rest of the components in a complex system. For this discussion,
however, we will assume that the feedback delay is negligible. '

Uponmchng&esummnglounon(s),ﬁefeedbackmgnﬂmmeﬁamlyluwmmemmshom
level. If the trigger plus the feedback input is sufficient, d:eamphﬁethllgonmmedmelymm
saturation. This is a "snap” toggle-like action. Once the turn-on threshold has been reached by the
trigger input, the amplifier snaps directly into saturation. As long as the amplifier remains saturated,
ﬂu’ctuationsintheuiggerinpntwillhaveliuleornoeffectonﬂl,e_outputbecanseot_'the_limitingaction.

What happens when the trigger input goes down depends upon the level of the feedback signal
relative to the other summed inputs. Ifdlefeedbacksignalissmallathanthedueshold-eomomng

bem,boﬁ&emggaand&efeedbackbmwﬂbereqmredmorderwwmmememrshold- o

controlling beam..
As the trigger input falls, theanq)hﬁercomesomofsamuonandtheoutputbegmstodrop
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As the output drops, sodosthefeedbacksxgnal msmgthethtesbold,'rhempldlychangmg
regenerauvednvenfallofthefeedbﬂslgmlcausstheoutp\ntodropjustastap:dlyasxttosebefore
Because the regenerative nature of the snap action is quite rapid in comparison to the rise and fall times
ofthcuiggerpu‘lse,itisjustaseasymsna;itheaﬁxpliﬁeronasitis;ompitoﬂi As a result, the
turn-on threshold will be very nearly the same as the turn-off threshold. When the trigger input is
above the threshold, thcoutputmpson,andwhenltdropsbelowthethreshold the output snaps off.
It is a schmitt trigger.

Theaddmonalstepmededtopmducetheschnnttmggeracnoms.

e. Dnectapomonoftheamphtudemodulawdoutput as a feedback signal, smaller than the
threshold-controlling beam set, into the at least one third location, out of phase with the
threshold-controlling beam set, _ ' :
mexebypmwmngaschnnnmggerbydnmngmephasedmd\ﬂmrwamtermtpmman

occutswhenﬂwtegenemuvefeedbackeausedbytheﬁeedbacksxgmllsabsem.
18. Bistable flip flop. '

Chmgmgmemxmmlwelofthefeedbackmgnﬂchmgsmemythethreshomm
opemtesaﬁernhasﬁrstbemmmedon.

If the feedback signal is larger than the threshold-controlling input and large enough to
maintain saturation, xeducingtheuiggerinputhaslinleormeﬁectondteoutput' The amplifier has
toggledon,andmllremmon.ltbeoomesbtsuble Themggermputbeoonnsa "set” input, andthere
are at least two ways to reset it.

The power beam is able to be pulsed off, but that would require an additional component. A
bemwayismpmﬁdeaw&uﬁmsholdeon&oﬂhginpm%ispﬂsedwmmcmgm.

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

threshold is raised above the level of the feedback signal. The phase of the total sum reverts to the
phase of the threshold-controlling input, and the amplifier goes into cutoff.

However, there is also a snap action that occurs here. As the reset pulse rises, the total sum
falls. At the samration point, the amplifier comes out of saturation, and the output (and as a result, the
feedback signal) also begins o fall. This canses a regencrative amplification of the fall time. That is,
the loss of feedback signal, in turn, causes the output to drop some more, which causes the feedback
signal to fall, and on and on. The combination of rising reset pulse and falling feedback causes the

~ amplifier to snap quickly into cutoff.

The reset pulse must be at least large enough to bring the amplifier out of sawmation. Asa
result.therelsa "turn-off" threshold, belowwhlchtheresetpnlsewﬂlbeumblctobnngtheamphﬁer
out of saturation to toggle it off.

The bistable arrangement described above produces a set/reset flip flop that has an advantage
over the previously discussed flip flops, in that it is turned on and off by pulses 0 separate inputs,
whereas the previous flip flops required that one of the beams be shut off.

Starting with the threshold detector above, the procedure for producing a complete set/reset
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bistable flip flop is:

a. medeatleastoneresetbeamset,duecwdtotheatleastonetlurd(summng)locatlonmthe
threshold detector, mphase_wxm_thethresholdfcqmol_lmgbamset,

b.  Direct a feedback signal from a portion of the amplitude-modulated output into the at least one
third location(s), the feedback signal at the at least one third location(s) being out of phase
with and greater than the threshold-controlling beam set (at the summing location);

. Pulse the trigger beam as a set pulse, and

d. Pulsethemetbeamset_asamsgtpulse, _
thereby providing.a bistable function by turning the amplitude-modulated output on with the

set pulse, holdmgtheamphmde-modtﬂatedoutpntonwnhﬂle&edbacks:gml thenmrmngthe
amplitude-modulated output off with the reset pulse, and hoking the amplirude-modulated output off
due to the absence of the feedback signal. _ o . _

Multi-bit operation also works with this bistable arrangement by using a power beam having
multiple wavelengths, by using broad band optics, and then setting and resetting the arrangement with
the individual wavelengths. | | '

19. Neuro detector, fazzy detector, and logical AND.
me&ngamnlumdeofmggermputsmthetheshohdmrproducesammlmmatma

ltsmaxlmnmwhenallofthemggermputsateon. Bysemngdleduesholdlevel_]ustbelowthatmm,
_andabovedlelevelwhereallbutoneofthemggamput.sqreon, ﬂnesholddewct_lonwﬂloocutonly

when all of the trigger inputs are on at the same time, producing a saturated output from the Emiter.
If this arrangement is connected in a neuro circuit, then it will function as a neuro threshold

detector, with the threshold-controlling input being the *weight* signal. Likewise with fzzy logic.

Analogmpmsofelﬂxzrphaseateabletobesummedtoproudea crisp” mupntﬁ'omannﬂutudeof

"fuzzy" information sources.

If&mmmgememnscomdmabmnydngmlmmt,themtfmcnonsasamﬂumpm
logical AND. Theprocessnsedmpmdnmngamﬂu-mpntlogmlAND:s _
medeaplumluyofmggetbenmsﬂsasANDmpusmduhwdwxdlbmrymfomanomme
ANDmpmshmngmenugymm,memrgysmoftheANDmpmsbungmtermme
subsmmaﬂywnmmlevdofﬁethmhold—oomoﬂmgbumsetwbenaumeANDmpmm
mmdless_ﬁan.&embsnmaﬂycmmlwdofﬁe&re&holdcomoﬂmgbmsﬂwhenom
of the AND inputs is off and the remainder of the AND inputs are on,
_ therebyptw@ngamﬂnmpmANDbypmducmganonontpntonly
when all the AND inputs are on. : :
' Thlspmcesswﬂlworkmthorwxd:mnthefeedbackcncmtofdleschmumgger The schmitt
mggeracnmmspemﬂyuseﬁﬂwhenmempmmanalog,asmmeusemﬂnhenemhglc

. applications.

20, Muln-mputlogxcalOR
Ifdlemreshold-eomomngagnﬂwsmauermmthesmﬂlestofthemggetmpmsmthe
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threshold detection arrangement, then the limiter will turn on whenever any one of the trigger inputs is
on. As a result, the fanction is a muiti-input logical OR. Thestepsusedmpmducmgthemuln-mput
logical OR are:
Provide a plurality of the trigger beam sets as OR inputs modulated with binary information,
said OR inputs having an energy sum, the encrgy sum of the OR inputs being greater than the
snbstamaﬂyeommlwelofthedmshold-oonnomngbamsetwhenMyomofmeOR
inputs is on, _ _
_ thuebypmvﬂngamulu—muORbypmdnmnganonompmwhenatleastoneoi
the OR inputs is on. ' :
The multi-input logical OR is able to be used both with and without feedback. If no feedback
is used, the sum signal which is larger than the threshold will be amplified.

21, Muitiple input bistable arrangements.

Interesting things happen when the feedback signal is large enough to make the arrangement
bistable. Setnngthethmsholdlowmthesameasplacmgamnln—mnORonmﬂnplesetandmet
signals. Semngtbcthresholdhnghnsmesmnasplacmganmln—mputANDonmuluplemputsetand

‘metsxgmls

Semngthe&reehohmbetweenmsesdlemresholdmbemchedwhenmoomofmm or
three out of five, or some similar proportion of inputs has been reached, a function that is very useful
in fuzzy logic environments. |
22. One shot | | |
The one-shot function is able to be provided using any of the bistable arrangements by adding
a delayed feedback beam, the easiest being those that have direct set and reset inputs such as the
set/reset bistable device above that uses the threshold detector. The procedure used in providing the
one-shot function is to:
a.  Direct a portion of the amplitude-modulated output along a delay path to provide a delay °
‘period and a delayed-feedback beam set, and
b.  Direct the delayed-feedback beam set o provide the reset pulse; | |
thereby providing a one-ghot function wherein the amplitude-modulated output is pulsed on by
the set pulse, held on during the delay period by the feedback signal (already a part of the set/reset flip
flop), and then turned off after the delay period by the delayed-feedback beam set.
mmmaMmmMummmmkMEusdwmmcmm
arrangement bistable. Essentially, the one-shot trigger turns the bistable arrangement on, and the
delayed-feedback signal turns it off. The length of the delay also affects the duty cycle, because the
arrangement is unsble to be set again until all energy has exited the delay path. In order to allow a
second one shot to begin immediately upon the ending of another, the delayed-feedback signal is able.to
be differentiated and made into a shorter pulse. Differentiation is discussed below in greater detail.
To accomplish many of the tasks set out above, many embodiments will require more encrgy
for the many outputs. As a result, a number of amplifiers will be needed in place of the single
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amphﬁemdesmbeiCascadedamphﬁvaeﬁequahnesofﬁem&wduﬂamphﬁmplmsom

Cmdmgomamphﬁummamﬁznmmﬁeamoumofemrgymﬁcmdﬂmdenvdope
at each stage. Whmaﬂof;hcsmges.mon,thehstommumthecascadesenshasthemumﬂawd
energy of the entire series in the modulated enveiope. Since the output of each stage provides more
energy to the next stage, each stage is able to be powered by larger and larger beams. The control input
to the first amplifier in the series then becomes the controlling input to the whole cascade. As a result,
a low level input to the cascade will control the much larger (uninverted) output of the series, thus
making the small beam the controller of a larger beam. :

Theamountof'energyintheoﬁqmtoftheserieshasaﬂnxinnnnlevelof _
E, = E, 2" where n = the number of stages in the series, and E, is the level of the small input beam.
However, E, is also limited by the input level to the individual amplifiers in the series. As a result, the ‘
maximum level of the output will be limited by the level of the energy-supplying beams. When the
cascaded amplifier reaches this limit, it will go into saturation. The addition of more energy into the
small input will not cause any more energy from the energy-supplying beams to be diveried into the
output because all that is able to be diverted into the output has beer.

- The procedure used in providing this means and method of cascading amplifiers of the present
invention is: _ _ _

a. Proudeaphmhtyofamphﬁezsconnecwdmacascadesenes,

b. Cascadetheoutpmofeachamphﬁermtothesecond(conn'ol)beamsetofthcnextamphﬁerm

: the series, and ' -

c. medealeastomlﬂsebﬁm.smwrthmﬂwmond(eoml)bumsetofmeﬁrst
amplifier in the series, wherein the large beam is the first (power) beam set of another
amplifier in the series, .
merebypmmngcomolofmelngebmbyamllerbmbydwemngmgy&omme

hrgebum&mgh&ecascadesenesandmﬁemhmdemdﬂmdmmofﬁehstamphﬁaof
thecascadesenesmresponsemmemllerbm. : '
Smcethelevelofﬂnemodlﬂmdslgmllssubsmauydoubledatachmge aconsxdetable
amount of amplification is able to be accomplished. Such amplifiers have the advantage of not
mmdumngmxsemothemgnﬂasbngasmﬂemmnmsemmepowerbumsandmubmonsm.

- the optics.

24. Gawdamphﬁersusedtopmduceannﬂu-mputAND

_ Cascadedamphﬁemueablembeusedmaﬂofﬂwenergybmmmtsdmnbedmthe
presemmvennon. If the first type of special interference is used, the amplifiers are able to be gated.
Inﬁct,unmngoﬁ‘anyoneofﬂlepowubeqmsmoﬁthemresenes.A_sa,remlt.cascadmgnsan

~ excellent way of providing a mmiti-input AND fenction.

The steps are: _
1. ProudeaplmahtyoflogmlANDsmaumde,and_
2. CascademeouqmofmhloglcalANDmomeseoondbumsetofthemxtlogxcalANDm
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the cascade series,

thereby providing a muiti-input AND wherein all of the first beam sets of the plurality of
logical ANDs and the second beam set of the first logical AND in the cascade series must be on in
order to turn on the at least one output of the last logical AND in the cascade series.

If the power beams are modulated with analog information, the cascaded series of amplifiers
are able to be used as an amplifying mixer. -
25. An Oscillator. : _

-The four main items needed to sustain oscillation are: an amplifier, a power source, a
frequency determining device, and a feedback path. The present invention provides the amplification.

- The constant 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 travels along the delay path.
This provides the frequency determining device. By directing 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. Becausethe’ampliﬁedoutputofasimple
amplifier is not inverted, an initiation pulse must be provided. Once oscillation is started, the above
arrangement is able to be designed so as to continue oscillating, or it is able to be designed so that the
oscillations die out, as in a ring oscillator. _

To make a self-starting oscillator, an inverter must be added to the feedback circuit. Together
the feedback path then provides an inverted, delayed signal to drive the amplifier. Initially the amplifier
is off. The inverter provides a signal to turn the amplifier on. A portion of the output is delayed and
inverted before it reaches the amplifier's input. As a result, the amplifier turns off, waits for the delay
period, turns on, waits for the delay period, and turns off again in response to the delayed, inverted
Because the feedback signal is the sole source of energy for the control input, and the .
arrangement is self-starting, slnmngthepowerbenmoffandongamstheoscmmoffandonwhen
using either type of special interference. :

Asammlgamsandmﬂwdofemrgybeamosuﬂmmbegmmﬁthebmcamphﬁerand"

| xspmducedbythefonowmgprocedm

30

35

a. Pmdeanmveneddehyedmgmltotheamphﬁerbydxmnngaﬁrstpomonofenergyfrom
theamphmde-modtﬂatedoutpmalongadehypathandthmughanmvenermns The
inverter means is able to be the inverter described above, or the Young's interference inverter
described in the prior art; :

b. Duectthemvemddehyeds:gnﬂmthsseoondbmsetmmﬂwamphmde—modmmd

" output on and off, with the second beam set remaining on during the period when the inverted
delayed signal is on, and off when the inverted delayed signal is off to produce oscillation, and

c.  Swich the (power) first beam set off during the time when oscillation s to be gated off,
merebypmdwngemrgybeamosmnauonbymcemvdymmngtheummuwdompmmm

oﬁdunngeachdehypmod mdganngoﬁ'energybeamosmﬂauonbymrmngoﬁmeﬁm(power)
beam set. ' :
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Energy beam oscillation is able to be accomplished using any of the amplifying components,
including the bistable and threshold processes. Components are connected in circuits just as their
electronic counterparts are; however, each interconnection must have the correct phase and timing
relationships in order to work.
26. Phase locking and demultiplexing.

Aphase-ﬂmmungbeam.suchasmmecasewhenbenmsﬂommomﬁeremhsusmother
sources need to be phase matched, is directed in parallel into a group of phase filters/demodulators of
the present invention. The quality of the optics used will have a great bearing on the actual bandwidth
passed by each phase filter/demodulator. Sufficient filter/demodulators are provided in order to cover
the entire spectrum used by the phase-fluctuating input. Each demodulator is provided with a different,
but constant, phase signal. The outputs will be a demultiplexed set of signals that produce their
individual outputs as the phase-fluctuating signal fluctuates into the bandpass region of each individual
filter/demodulator. o

The phase filter/demodulators produce a maximmm output only during the time when the phase-
fluctuating signal and the individual power beams are 180 degrees out of phase. As a result, the outputs
have a substantially constant phase output during the time that they are at maximmm. Phase adjusting
each of the filter/demodulator outputs and then recombining them into a single beam again results in an
output beam that has a substantially constant phase, relative o the power source of the controllers,
having energy from both the power and phase-fluctuating beams. As a result, the. two_ sources have been
phase-locked together. :

If the phase-fluctuating beam is at a substantially constant level, thenthephase-lockedoutput
will also have a substantially constant level, even though the individual controllers will be on

individually in accordance with the phase at any given moment. Because at least one will be on at any

given instant, however,theoutputwﬂlremmnm, andlfdlempunsamphtude-modulated the output
will likewise be amplitude-modulated.

If narrow band controllers are used, theﬁrstlouuon(s)mabletobeusedﬁorallofﬂ:e
controllers. The output locations are able to be close enough together to form a continuous band. An

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

receive a different phase change. Then, directing all of the phase changed outputs to the phase-locked
output location brings them to one location with the same phase. o
The procedure used in producing the means and method of phase locking is:

a.  Use the phase demodulators of the present invention;

Provide a phase-fluctuating beam set;
Dmapomonofﬁgphase-ﬂmaungbeamsetmmhsecond(md)mmsetofmh
of a plurality of the demodulators;

d . Pmdetheﬁrst(power)bamsuofmhdmduhmrmﬁadﬁetemmaseofmrgy
Dm&eamphuﬂem&ﬂawd-oumofmhdmdﬂmxwaluaomthﬂbnnomm
thatemrgyﬁomﬂldemmﬂamroutputsamvesatthathudhcaummumuymphasemd

f. Dtrectemrgy&omthatﬂmdlocaﬂonmptowdeaphase-lockedompm

(
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thmbyphase-lochngenergyﬁommephase-ﬂucmanngbeamsamasubsmauymmmm

phase output having a substantially constant amplitude.
Anmpommnseof&ephase-lockedompmgsphase-lmﬁngommveminwimammerwaw

' train in order to produce a substantially constant phase output from mmitiple wave trains so as not to

lose information being stored and processed in an optical computer because of phase shifting in the
POWer source. :
Thepnnmpleofopeunm:smpmudeemughphasedemoduluorssomesumofmenband
widthsooverstbcmngeofﬂuctumon.'Iheﬂucmaungphasesxgnahsvrewedasapbasemﬂnplexed
signal wherein only one phase is present at any one given moment. Because the phase demodulators
produce constructive interference at their output location(s), the phase of that signal will be of a known
phase, namely the phase of the power beam. When the control input is not of the correct phase, the
output will be off (within the bandwidth range determined by the precision of the optics).

The output from the demodulator having the matching (and known) phase is directed into the
phase-locked output after the phase is first adjusted to match the phase of all the other demodulator
outputs. The demodulators take turns firing, depending on the phase of the fluctuating phase input.
However, the combined output has a substantially stable phase made up of energy from both beams.

The stability of the output phase depends on the bandwidth of the individual demodulators, and
the mumber of them being used, for that determines the resolution of the process.

Why would anyone want to combine two cw signals to produce a constant phase signal? One
applicationisiolockwaveuainstogether Even the best lasers produce finite wave trains. That means
thatabtuptphasechangessomeumsoccurmthehseromputs which amounis to a form of phase
modulation.

When the tail end of one wave train is locked o the start of the next wave train, the phase-

" locked output is able to maintain a substantially stable phase, or at least one that changes very slowly.

30

s

Substantially constant phase is necessary for the operation of high-speed optical computers.
These processes are able to be incorporated right into the feedback path of the laser itself so
that it will output wave trains that are phase-locked together. .
Multiple sources, even some non-laser sources, are able to be phase-locked together using this
means, The phase locking and filtering qualities of the present invention allow a seed signal, such as a
low-power laser, or even a high-quality color filter, to be used as a locking standard for extracting and

_phase-locﬁngemrgyfrom'amermalsome, sunlight, or white light, Certainly, the present invention

will be very useful in spectroscopy.
Information extraction:

If the phase-fluctuating beam has been amplitude-modulated, the phase-locked output will also
be amplitude-modulated by the phase-fluctuating beam. As a result, information is able to be extracted
from one source, such as light from an optical fiber, andpmparedfmprmnsmaphase-lom
system such an optical computer.

Whmﬁmbm:sﬁequmy—mdﬂmd,aﬂofﬁepbasédémdnﬂaMmdﬁwgeﬁerwhen
the wavelength changes so that it is out of the combined bandwidth of the group of demodulators. Asa .
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result, mfomanonmmuedumngommrgysomelsablembemfemdommdewcesdnven
&omanotherenergysoumebyusmgmberﬁeqmyoranmhmdemodulauom
Phaselmhngmessemﬂformoducmghgh—speedcommcanomlhnksbawmopﬁml

. computers, mcludmgﬁberopucnelephonetransnnssnonsystems

lheaddmonalstepmededmemctmd\ﬂmdmfmmanonﬁomaphaseﬂucmaungmgnﬂm
g. Amphnme-m&equemymdtﬂawmcphase-ﬂmmungbeammmmformmm;obe_exmmd,
' thereby providing an amplitude-modulated output containing that information and having a
substantially constant phase at the phase-locked output.
27. Phase encoder/modulator. _

Phaseencodmgandphasemodﬂaungﬁommamphmde—modlﬂawdﬁgmlmablewbe _
awomphshedbypmdwngadﬁemmﬂamphmmmﬂmdsgnﬂpmapdmombmngme;wo
signals having opposite phases. When one of the differential pairs is on, the combined output has one
phase; when the other one s on, the combined signal has the opposite phase. In between it has a
combined phase. The procedure for this means and method of phase modulating or encoding is:
Useeithettypeofcommller; __—
Maiminthcﬁmt(power)beamsetatasubmnﬁanyconsnmabove-mlevel;
Amplitude-modulate the second (control) beam set;
Duectapomonoftheatlmtomoutput,hawngaﬁrstphase toatleastonetmrdlocauon,
Sepmteapomonofenergyﬂom_theﬁmlocanmmpmdwgmquwdmgmlhamga
phase opposite the first phase;
Directtheinvertedsi_gml-toth_atthirdlocaﬁon,and
g.  Direct energy from that third location to produce a phase-modulated output,;

thereby producing a phase modulator by causing energy of the first phase to output when the
second input beam set is on, causing energy of the second phase to output when the second input beam
set is off, mdcmngthephaseofewtgynthephase-mod!ﬂmdoutpmmchmgepmpomonﬂmme
amplitude of the second (control) beam set.
28. NAND.

Boolenndgebmpmdasformepmducuonofvanousloglcgmbyeombmngloglc
functions. When combining functions that use special interference, certain things (such as the carrier
wavephase)needattenﬁon,astheyhavenoeonmexpmine_lemonics.:A;amﬂt.__this_disclbsnreglso

® a6 o

e

wnuinsmmeaamples,soﬁmmwessimemonmcﬁmissubsmﬁaﬂyandclaﬂymgm

InBooleanloglc anmvenedANDoutpntproducesaNAND Thxsxstheptocedure
a. UseanyoftheprevxouslydescnbedANDﬁmcnonsand
- b. DuecttheatleastoneoutputoftheloglcalANDmtoalogmalNOTmns,_
thereby providing a logical NAND.
'meNOszabletobeextherofthcpxesentmvennonorofthepnoran
29. NOR.
ThelogxcalNORlsproducedbymvemngmetwomputstoanAND Theproeedmeusedm

pmdwngalogmlNOR:s
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Use the AND of the present invention;
Provide a first logical NOT means having an energy beam output directed into the first beam
set of the logical AND, and
Provide a second logical NOT means having an energy beam output directed into the second
beam set of the logical AND, "

“thereby producing a logical NOR.

As common as these interconnections are in the electronic world, they have not been done

before using energy beam ANDs that use special interference. Again, the energy beams mmst interface
while meeting all of the phasing and directing requirements for the individual parts disclosed herein.
30. EXCLUSIVE OR. '

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

component. When one input beam is on by itself, the output is of one phase. When the other beam is
on by itself, the output is of the other phase. The present invention corrects that problem by separating
the phase-modulated output, conecungmephaseandreoomblmngthembacktogether The process
used in building an Exclusive OR is:

a.
b.

Use the phase demodulators of the present invention;
PmdweaﬁmExdnmveORmpmbeamsethawngaleastonebmofenetgymoduhwd
with binary information directed toward at least one third location;

Produce a second Exclusive OR input beam set having at least one beam of energy modulated
with binary information directed toward that third location;

Produce destructive interference at that third location when the first and second Exclusive OR
input beam sets are on;
mmtmgy&ommmalomonmﬁmmmwdpmedemdumrs the first
beam sets of the first and second phase demodulators being of opposite phase so that the
amplitude-modulated output of the first phase demodulator is on when the first Exclusive OR
input bear set is on by itself, and the second phase demodulator is on when the second
Exclusive OR input beam set is on by itself;

Direct energy from said first phase demodulator to provide at least one Exclusive OR output,
and _ _

Direct energy from the second phase demodulator to the Exclusive OR output while providing

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

matchirig phases at the Exclusive OR ousput, _
therebyprovidinngxch:siveORhavingasubstanﬁaﬂyconmmphmouipm.

31. Ammryhalfadder

TheeryhalfadderﬁmcuonlspmducedbypmwdmganANDomputasamysmml and

an Exclusive OR as a sum signal, from a common input. The procedure used in making a binary half
adder is:

a.
'b.

Use the Exciusive OR of the present invention;

‘Direct a portion of energy from the first Exclusive OR input beam set to a first input of a



WO 96/18964 PCT/US95/16455

10

15

20

30

35

28
logical AND means, and . _
c.  Direct a portion of energy from the second Exclusive OR input beam set to a second input of
the logical AND means,

merebypmdmgaumrymfadderbypmdmgthcﬁxcMeORoutpmasasumompm
andanoutpmofthelogmlANDasamryompm
32. A clock signal for the bistable flip flop.

Adding a clock signal to a bistable flip flop of the present invention involves more than what is
needed in electronics. The high-speed nature of the carrier waves used in the present invention will
cause false signals to appear at times, andmphwswhetetheywouldmtmslowermedla such as
conventional electronics. :

A bistable flip flop of the present invention is used that has separate set and reset inputs. An
amplitude-modulated clock pulse stream must be directed first to the set input and then to the reset
input. If the clock signal is directed to both inputs simultaneously, unpredictable results will occur. As
a result, two AND gates are used to direct the clock signals to the appropriate inputs by enabling the
gatesmdmduallyforashonumeshghtlylongerthanthelengthoftheclockmﬂses Thlsmsmesgood
solid set and reset puises. The procedure is: : :

a. Useelﬂnerofdlesetlmetbxmryﬂxpﬂopsoftheptesemmvennondmthaveanon-pnlsereset
input as well as an on-pulse set input; - _

b.  Provide first and second logical AND means;

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

d.  Direct a first portion of the clock beam set into a first input of the first logical AND means;

Directanoutpmof-meﬁrsilogiulANDmnstoprovidethesetpﬂse;

Direct a second portion of the clock beam set into a first input of the second logical AND

means; '

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

h. Dmapomonofmempnmde-mmmmmomebimblemmuonnougaﬁmdehy
 path, providing a delay time, and a delayed bistable beam set;

i.  Direct a first portion of the delayed bistable beam set into a logical NOT means;

j.  Direct an output of the logical NOT means to a second input of the first logical AND means,

o | _ |

k.  Direct a second portion of the deiayed bistable beam set into a second input of the second
logical AND means,
thexebypmw&ngaclochedhstabhfnmnonbysemngdlebmblefumummgﬂwﬁm

pmsmmpassmmugh_meﬁmhmchNmehmmesemMmpmofmeﬁmlogmlAND
means is held on by the logical NOT means in the absence of the delayed bistable beam set and the first
pulses are prevented from passing through the second logical AND means by the absence of the delayed
bistable beam set, then resetting the bistable function 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
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delayed bistable beam set and the second pulses are prevented from passing through the first logical
AND means by the presence of the delayed bistable beam set, which is inverted by the logical NOT
means to hold the first logical AND means off. :

Delaying the bistable beam before it is able to turn on the NOT, and turn off the first AND,
allows the first clock pulse to pass through to set the flip flop solidly on before that opportunity expires
after the delay period. Delaying the bistable beam before it is able to turn off the second AND allows
the second clock pulse to solidly reset the flip flop before the time period expires. In each case, the
clock pulse must be shorter than the delay period; otherwise, unpredictable things happen.

33. Binary digit counter, energy beam differentiation, and integration. -

Because the clock pulses of the clocked bistable arrangement set forth above must be shorter
than the delay period, additional carrier wave circuitry mmst be added so that one bistable device is able
to be directed into another bistable device. To accomplish that task, a clock signal having a long pulse
width must be differentiated. '

Differentiating a carrier wave pulse is a little different from differentiating an electronic pulse.
Differentiating a positive electronic pulse results in a short positive pulse, followed by a delay period
equal to the length of the input pulse mimus the positive pulse, followed by a negative pulse. The
analogous differentiation of a long carrier wave pulse results in a short carrier wave pulse, followed by
a long off petiod that equals the length of the input pulse mims the short pulse, followed by a short
pulse having phase opposite that of the first short pulse. -

Energy beam pulse differentiation is accomplished by dividing the pulsed beam into two
portions. One portion is directed along a delay path having a delay equal to the differentiated pulse
width. The delayed portion is then recombined with an undelayed portion at a location(s) for

‘performing the differentiation. An output is provided from that differentiation location(s). During that

short delay period, energy is output as the leading short pulse. When the delayed energy arrives from
the delay path, desuucuvemrfemmesproﬁwedaﬁedxﬁmemaumlocauon(s)whchshumoﬁﬂxe
output. As long as the input continues, the differentiated cutput remains off.

When the input shuts off, destructive interference stops. However, energy is still coming from
the delay path, This energy is output as the trailing short pulse. However, this pulse is 180 degrees
out of phase with the leading pulse. |
Themsﬂtisadiﬁerenﬁmd'pmkpghhwingqppoﬁmphases,whkhispmdwedﬁoma
single input pulse. The advantage of such an arrangement is that the off period between the two pulses
is able to be any length without affecting down stream components, while the delay period that
mbhshwﬁe&ﬁemmdpulsemdﬁsmabhmbesmdar&udmmmemqwofm
components. An excellent example is in the production of binary counters.

In order to produce a counting stage, the bistable device mmst be clocked on or off on every
other binary pulse output from a bistable component that is able to have pulse widths of various
lengths. Mforg,&einpmebck’isﬁmdi&emnﬁiwdmthusmndud-hng&shonpﬂsesﬁnbe
presented to the following binary stage. Because the energy beam AND means of the present invention
respond only to input signals of the proper phase, either of the differentiated pulses are able to-be used
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by simply adjusting the phase of the differentiated signal to match that needed by the ANDs. The

ANDs will respond to only one of the pulses. =~ . '

Thestepsusedmpmdumngth:smmandmethodofpmduungahmrycomngsmgem

a.  Providing a binary input beam set having pulses longer than the delay time;

b.  Directing a portion of the binary input beam set to at least one fourth location;

c.  Directing another portion of the binary input beam set along a second delay path and then to
theatleastonefounhlomonasadelayedbumset,

d. Pmdumngdesuucuvem&temeumgmehnuympmbmsetandmedehyedbeamsua

" the at least one fourth location when both the beam sets are on; -

e. - Separating energy from the at least one fourth location to provide differentiated pulses, and
Directing the differentiated pulses to provide the clock beam set of the clocked bistable
thereby providing a binary digit counter which allows use of binary input beam pulses longer

mmedehyﬁmwdockmgcbckedﬁsmbhmmﬁmbydiﬁmnﬁaﬁngmebimw'inpmbmmsetm

pmdueealudingpﬂsehaﬁngamnmpﬂselmgﬁ.andamiﬁngpﬂsehwhgaqommmﬂse
hng&ﬁeleadingpﬂsebdngomofphmwimmemﬂmgpﬂseammecm&edbisnbhmmﬁon
responding to at least one of the pulses. |
lefe:emanonlsaveryeffecuvewaymbuﬂdasequemer Alongpulsexsdlfferentmed.lf
onlyoneofthepulseslsneeded,thenanamphﬁensusedmremveoneofthem. The output is
apportioned out into a group of delay lines having different lengths. This approach is able to be used to
prodwequadramepﬂssorwquemepulsesﬁoranopncalpmm

Theenergybeameqmvalentofanelectromccapwmr:sthedelayhne Enetgylsdlrectedmo

a delay path, At some later time the energy exits the delay path. This process is used to differentiate a

beytmmnguoﬁaﬁeradehypmo&aﬂﬂwnmvmgﬁemgysmedmﬁedehypa&ame

end of the pulse. _
Integrauonlslheaoclmnlmonofencrgyoverume Toaccomphshmegtauonthhencrgy
beams, the beam to be integrated is portioned out into one or more delay lines of different lengths. The
output of the delay lines is accumulated at a summing location. To differentiate using this arrangement,
the delayed pulse is brought back out of phase. To integrate, the delayed energy is brought back in

The length of the input pulse relative to the delay periods determines what kind of waveform
will result. If the pulse is longer than the delay lines, then an amplitude increase will occur as energy
ﬁomthevmouspathsamvess:mﬂnneouslyatﬂxemmnnglomon. _
Ifthesevemldelayhneshavedehyumesthatmusebyonepulsenmeeach the integrated
ompntwﬂlbeasenesofpulsesthamablewbedose,mghmgethersoﬂm:heymﬂfumnonasa
single long pulse. In practice that may be difficult, because even the slightest break in energy flow may

" disrupt the process. The present invention cures these problems by using a threshold detector, a schmitt

ﬁggg,aﬁnﬁmmaﬁmbkmgmmpmvﬁeacom-ﬁelmw&omﬁamhg—lem
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Interestingly, a frequency multiplier is able to be made by first differentiating a long pulse and
delaying portions of it for successively longer times, so that the final waveform turns on and off at a
frequency greater than the main input pulse.
5 34. Binary counter.
The next step is to produce a binary counter by interconnecting a number of variable-length
clockable flip flops in a cascade series. The procedure used in making such a binary counter is:

a.  Use the means and method of variable pulse length clocking;
10 b. Provide a plurality of the binary digit counters in a cascade series;
Dnecttheamphmdemdmatedmupmofeachbmawmgncoumermpmdethzbmym
_ 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 counters in the cascade series
with pulses to be counted,
15 thmbymcwdmgabmywmﬁerbywmcnngaplumhtyofthebmarydzgucoumma
' mdesenesthapmdmbnmtyoutputstepresemngptﬂsecomt ' :
35. Square wave oscillator.
The oscillator described above is capable of producing a variety of wave forms including a sine
wave, modulated waveform envelope. A square wave results from connecting a bistable arrangement to
20 produce oscillation. The procedure used in making the square wave oscillator is:
Use any of the above bistable arrangements which has a reset input;
Holdthesetpulseondunngtheumewhensquarewaveosmnauonlstotakeplaceandoﬁ
when the square wave oscillation is to be gated off;
¢.  Direct a portion of the amplitude modulated output along a delay path which has a delay period
25 and through a logical NOT means providing a delayed bistable signal which is inverted, and
d.  Direct the delayed bistable signal to provide the reset pulses, each of the reset pulses being
hrgerﬂnnthesumofthesetpulseandme&edbacksigml
' merebypmdmgagawdsqlmewaveemtgybeamoscmmrbymtedlymmngthe
blstableﬁmcnononoroﬂ'atleastomeﬁoruchdehypenod andmngoscﬂlauonoﬁbymmngoff
30 the set pulse.
36. D type flip flop.
ADtypempﬂopnsafnndamennlmantﬂmmabmarybnmpmmombmmsetupon
unnmgonanenabhngbeamset. The procedure used in making a D type flip flop is:
Useextherofthesultesetbmaryﬂlpﬂopshavmgpulseset,andmetmpms,
Provide first and second logical AND means; '
vameadanbeamsethwmgaleastombeamofmrgymdulmdmthbmymfomanon
Pmdemenabhngbamsethmngalastombmofemgymodmmdwuhdmsmmge
enabling information; '
e.  Direct a first portion of the data beam set into a first input of the first logical AND means;

35

- L
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£ Direct a second portion of the data beam set into a logical NOT means; S

g.  Direct an output of the logical NOT means to a first input of the second logical AND means;

h. Dkeaaﬁrstpotﬁmoftheembﬁngbmm.saimoasmndm_ofmeﬁmlogicﬂm
menns,andasecondporﬁonofmeembﬁngbeamsetm'agecondinphtofthesecondlogical
AND means; '

i.  Direct an output of the first logical AND means to provide the set pulse, and

jo  Directing an output of the second logical AND means to provide the reset pulse,
therebypmdmgapreb:smblefumnonbysemngormemngﬁsb:snbleﬁ:mon

depen&nguponthemofthedambamsadmngmemwhenmeenabhngbmsumom

37. Muitiple uses, multiple energy forms.
Thepnm:plesformconmcungemrgybenmcompommsdescnbedhcmmmablembe

usedmacounﬂusvanetyof_eomplexamngememsJustasthcbasxcbmldmgblpcksofelectmmcsare.

Energy beam differentiation, input summing, threshold detection, frequency and phase filtering, energy

beam phasing for component interconnections, and using multiplé rays to form interacting images are

mmofﬁemomm&mm&mdlow&cpmmmbemomwdmdusedm

complex arrangements. o
Anofmmmgshavebemdlsclosedmaswpmdeabmadfomdanmfmumngspeaﬂ

imerfaeme.hwewofﬁemymmr-hkefumnomdmnbedhuem,aﬂmahmymuse

electromagnetic energy, the present invention is able to be rightfully referred to as a "photonic

‘The endless variety of complex devices built from standard electronic building blocks are able

0 be duplicated using the present invention, Ifelecuommﬁcmgyisused,mespeedofmh

dewoes:sphemmnalmcompansontoﬂ:exrelectmmcwmm _
Whenelecuomgneucmrgynusedmdlgmlphommcmmts,bothmepoweramphfymg

'andpowerhmungabMyofmepresemmvemmpmudeawxdemngeofusgsthmmmmﬂy

analogous 10 the use of amplifiers and limiters in electronic circuits, and are able to perform the same
types of tasks at a higher speed than conventional electromics. - .
Whenthewavepmpmesofelecmnbumsmusedmmepmemmvemon,&eespm
electronic structures that perform the fanctions outlined herein are able to be produced. There are many
advantages to the use of free space electrons, or electrons confined to spaces wherein their wave

~ properties are able to be exploited.

35

Verysensmvemsunmemsareablembemademgthepmmvennon. Forexample
smallnumbersofcermnsnbamcpmclesaxedlﬁcultmdetect. Byusmgastmmofsuchpamcles
asmepowerbumsetmmepmsemmmommummbmofmpmpmdesmmesecondbeamset
mabhmbenumdmopropomommlylngambemof_mhmcleswhchmmmmemly
There are many embodiments that are able to be made using various energy forms. If the
present invention is incorporated into a radar antenna or X-ray machine, phase-modulated reflected or
transmitted signals are able to be detected. If an array is set up whereby each pixel is an amplifier of
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the present invention, the output will be a composite, amplitude-modulated image of the reflected or
transmitted radar or X-ray phase-modulated image. From such information, full three-dimensional radar
images are able to be constructed by providing a matching array of frequency converters of the prior art
that convert the non-visible pixel amplitudes to visible pixels. The same is true for sonar when using
acwsdcdenergymtheprmminvenﬁmmdmvaﬁngeachpixelfovisibkemrgy.

mpmmvenﬁmisﬂsoablemopemeusingmﬂﬁplediﬁeﬁngemgyfommmem
locations. For example, one embodiment is able to include both acoustical waves and light by orienting
the input components for each one so that they have a common point for output separation, and given
the proper media at these locations, the various energy forms are able to be made to intetact with each
other. Likewise, information carried by different frequencies of the same energy form are able to be
transferred from one frequency to another.

Reﬂecwdﬂmsomcsomrwwesmmemaﬂymodﬂa&dbeamseﬁ,capableofpmﬁmg
constructive and destructive interference at the "first” location of this combination embodiment.
Constructive and destructive interference of the acoustical wave will cause the medium in the
embodiment to compress and decompress. Changing the density of a medium changes its index of
refraction and, as a result, will phase-modulate the light beam going through it. This phase modulation
xsablewbeusedduecﬂyormcoopeunonmdlaseeondbeamsothattheemcnsablembe
amplified right at the point of energy form conversion.

' The result is a super-sensitive microphone which is able to detect phase changes in the
acoustical wave and direct the gathered information inso a photonic computer made of many
interconnected components of the present invention.

Cermntypesofmuemlsmcttohghttoproducebeat&equms Usmgsnchmatenalsman
embodm:cmofthepmentmvemonallowshglntobehewrodyned frequencynmluphed and divided,
even while the signals are being amplified.

Other types of materials are photosensitive to light of one frequency, while being able to cause
a reaction with light of another frequency. When such materials are placed in an embodiment of the
pmmmvemmmfomanoncommdmabumofomﬂeq\mymabhwbemfemdwabm
of another frequency.

Anytwpem:gytypuorﬁeqmmiesoftﬁesamemve—typeemrgyisableto_beused
simultaneously to interact with the present invention by providing the proper medium for promoting the
interaction. The present invention is then used to transfer information from the one energy type to the
other by providing a sensitive, amplifying environment in which to make the transfer.

38. Basic theory of operation. | |

' Applicant theorizes that the amplitude and intensity of energy at the purely constructive

interference locations, using the first type of special interference, are able to be calculated using an

adaptation of the standard vector sum of amplitudes method used with other interference phenomena.
muacfomnaformnmyhasbeendenved&omﬂwhwofmmandmdmmstmo

incoming rays.

That formula is:
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. A = amplitude of the first beam.
B = amplitude of the second beam.

Them-phased:ﬁ‘emneebetweenthetwobm

Intensity = I = A’ + B? +2AB Cos(Theta)
The Total amplitude T; = squ,arerootofl,justasA’-wheimens_ity.ofamplitude_A.

At the center of the constructive interference (ci) arca, Theta = 0, and the Cos(Theta)=+1. At the
center of the destructive interference (di) arca, Theta = 180 degrees, and the Cos(Theta)=-1. As a
result, thevecwrsumoftwoamphmdesathcsetwolocaaonsxsa]sothealgebmcmofthe
amplitudes. : _
Ihe.tworaysminpmeinmeqim,somemmhasihasamephase.Asam:,med (
intensity fornmla is, I, = A2 + B? +2AB = (A + By -
In the di area: _ _ _ _

The two rays are out of phase in the di area, so that the vector sum is the difference of the two
amplitudes, which takes on the phase of the largest of the two. If they are equal, the algebraic sum is
zero, The di formula for intensity becomes: "
I = A? + B? 2AB = (A - B?

Thcsetwoeondmomueﬂsoablembeuewedasmevecmramsofﬂneedtﬂ'etemmys,
which will be labeled B,, B;, and U. In the di area, B = -B, = B,, so that U is the difference between
A and B, and ‘ -
A =B+4U L |
When A is on by itself, the amplimde at location 1 is the vector sum of B, and U. The
intensity is
@B, + Uy .

WhenbeamB,eomesonneombmeswnhmeﬁrsttwo aneeunslSOdegxusmuofphase
with B, and U, the totals of amplitude and intensity are as shown in formulae 1.
Formulae 1, di location for all of the interference types:

-T-'r.-n.+u B=U
=Iy = (31+U Bz)z v
alsobysubsumuonweget. _ L
=1, = A+ B 2AB =,=___(B+U_)’+B’-2’B_(B+U)
| =B+ 2BU + U? + B? -28? 28U
| L aw
This is exactly what is expected because the amplitudes add algebraically, and the intensity is |

This indicates that the addition of an out-of-phase beam smaller than the first beam Ieaves
energy having an amplitude equal to the difference of the two. If it is viewed as the sum of three
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amplitude of the energy remaining at this location after all three have been summed.

The process of interference relocates energy within a fringe image. The equivalent amount of
emrgyﬁmiénﬁssingﬁomﬁediamsappmin&edm.&shmabow.whenmomqw
beams interfere destructively, not all of the energy in the di areas is relocated into the ci areas. The
remainder is exactly equal to the difference between the two unequal beams. This remainder bas not
been relocated; it continues to arrive at the di location. As a resuit, this remaining energy is able to be
called "undiverted” energy, because it has not been divertéd into the ci areas by the interference.

As a result, ane is able to describe the energy which is apparently missing from the di area as
“diverted" encrgy.

In Young's ci area:

In the case of Young's type interference, the amplitude of energy arriving at a second location,
mmalymemarea,whenonlyonebumxsonnsA Alsabletobecomsuietedasthesumoftwo
amplitudes B, and U. : '

Again, when beam B, comes on, it combines with the first two. Since it is in phase with B,
and U,

B = B! = B?, and the totals of amplitude and intensity are s shown in formmiae 2.
Formulae 2, Young's interference type in either amplification or saturation:
T,=Ts=B+U+B,=28+U
L=I1i=(B +U+By = (2B + Uy
also, by substitution we get: | |
L =I; = A’ + B2 +2AB = (B+U)* + B*> +2B(B+U)
= B? + 2BU + U? + B® +2B° +2BU
= 4B*> + 4BU + U?
- (2B + UY

This is also exactly what is expected because the amplitudes add algebraically, and the intensity
is the square of the amplitude. | |

mmxsease,YonngstypemﬁemehasenergydxrecwdemlocanmwhenMyom
beam is on. It is able to be viewed as having two components. When the second beam comes on, _
energy from the di area is diverted into the ci area. As shown above, the amount added to the ci area
by interference exactly equals the amount removed from the di area. | ‘

As a result, two equal parts exist, B, and B,. One came from beam A and the other from

. beam B. The difference between the two is U.

'35

In both the ¢i case and the i case, U remains unchanged. It has been called "undiverted®
energy. Apparently, xtmmmﬁecndhymemr&rememamuhngplmebuwmn,and&,

. even in the ci area.

IansestobecomeequalwnhA Udmpstomatbothplwes Theresnlungmtexﬁerenoe
image goes completely dark at the di location, and the intensity at the ci location goes t0 4A% = 4B2,
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Alloftheemgyeonmbnmmdwmrﬁerememge

_ WhenAa.ndBaxenotequal thcmgeformedlsablewbevwwedasbemgthemmoftwo
images. Ommagemthemﬁememgefmmedhypomons&and&mthcfamhumtfemme
fringe pattern. Theothulmgelsaconsmentspot hawngnocomstchangefromonepartw

- another; its amplitude equals U, and its intensity is U?.

As a result, U, ﬂledniﬁmncebetweentwonnequalbeams cannghtlybemlled undlvened.

-foritamvesattbesam_elocauomandmmepmnaswhen&and&areoﬂ’.

B, and B, are rightly called "diverted” energy, because this energy has been rearranged, or
"diverted," in order to form the interference image. In that image, the energy from the di location is
dxvemdmothemlocanonmwmhmmthmequﬂconmbmmﬁomtbeotherbumtbamnme '
thexeanywaymthcabmeof:merferenne
In special interference: : -

Next, we examine special interference. Special inerference has no contribution to location 2,
med'lmaﬁoy,wbmoﬂyombamisommswcmbemsemebmm-mummmpmw_
the di location, and are directed only toward the di location, and are not spread out to cover the
location where ci will eventually take place.

The di area functions exactly as described above, ashawngtwomphasebeamsfromA with
the out-of-phase B. . .

' mmamahasmemtgymmeabsemeofmr&reme Mostlmpomnﬂy,xthasno
"undiverted” energy (that is, U=0). _

Whmﬂwsewﬂbam@comsommfemoccmspmdumngmmerfemmemgem
mmovsenergy&omthedilocaﬁoh,(B.-Bz).leavingUasrwidualemgy.

The energy removed from the di location is diverted into the ci location as
B, + B,. It has an intensity of (B, + B,).

Again by substitution we get:
L =L = A’ + B? +2AB - = (B+U)? + B? +2BB+U)
' = B? + 2BU + U? + B? +2B* +2BU
= 4B? + 4BU +
. -(23+U)2 .
- However, U = Oatthlslocauon,producmgthelmpomnttelauonasshownmformnlaeS

- Fornmlae 3, first interference type in either amplification or saturation:

T, = 2B
I,--(213+0)’-43z
Asammlt,afomﬂafortheﬁratypeofspemﬂmrfermehasbmdenvedforbomme
amplitude and the intensity.
Thcwmlammmofenergymanyomapphmondependsuponﬁeuuofmandthemof '
di,becmsedwymablembemdeupofmanymys,eventhousandsorbﬂhons_..ofnys_.'l‘hewul
energy is able to be expanded to cover large areas, or focused to small areas. The output characteristics
will be a function of the size, locations, and the ratio of output area to image area of the image
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that are not pure ci or di also contribute to the overall operation of the invention.

The importance of these formmiae to the process of amplification and limiting cannot be
overstated. As an example, a substantially constant power beam A that is directed to location 1 and a
control beam B (which is smaller than A) produce an interference image at locations 1 and 2, with di at
l,andciat2.

The output intensity is 4B%, and the amplitude is 2B. It does not matter how nmch larger A is
than B, within the limits of the breakdown of the optics or other factors that would physically change
the arrangement. Energy diverted into the output is directly proportional to the control beam B.

When the control beam is amplitude modulated, the output is also amplitude-modulated, having
twice the amplitude of the control beam. The energy in the information carrying portion of the
output waveform has been doubled. Uslike the amplifier of the prior art that uses Young's
mﬂmmmnmmmwmmmMWMMMmmmmemnMWMMMM
energy that does not contribute to the interference image.

MMQuwmwwﬁummmMmMMmWMMWMﬁmmmmMmmMM
'I'heoulpntamphtude!salwaysdoubledlesmallerofﬂletwo.

Next consider what happens when the modulated control beam rises above the level of the
constant power beam. With B > A, for any given instant the output will be twice the smaller of the
two. It is the same as switching the beam names in the formulae above. Because the smalier one is also
the constant one, the output will be a constant 2A no matter how highly B is modulated, again within
the realm of not destroying or modifying the optical arrangement. This condition is called "saturation.”
All of the energy from beam A that is able to be has been diverted into the output.

As a result, the amplification curve of the present invention is NON-LINEAR. Non-linear
optics that operate at the speed of light is able to accomplish many tasks that are otherwise impossible.
Amoduhwdwavefomwxﬂbehmwdandchppedumepmmwhuethemmpmbmsmeqml
Second type of special interference: -

The second type of special interference is also able to be viewed as having three component
amplitudes. The power beam (A) is directed to-the di location; none of it is directed to the ci location,

just as with the first type of special interference.

HWMMhmGMMMMmmmMWmthmmmmmmﬁmmmm
wﬂmmﬂmu@wmmmummmyMWmuwmmWMMmmm
When the control beam is off, I, = 0, and I, = B, + U.
When the control beam is less than the substantially constant power beam,
A =B, + U, and B = B,. The amplitude at location 1 will be B, + U.
Formulae 4, 2nd interference type in amplification:
Amplitude = T, = B; + B, = 2B
Intensity = I, = (B, + B} = 4B
' ‘This is the same as with the first type of special interference. The difference appears when the
arrangement goes into saturation. When that occurs, the undiverted energy (U), which equals B-A
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(because B is larger) does not come from the power beam. In this case the residual energy comes from
the control beam which is directed straight into the cutput. As a result, the output during saturation is
as shown in formulae §. - _ | _
Formulae 5, 2nd interference type in saturation: _ . -
Amplitude = T, = B, + B, + U =28+U =2A+U
Intensity = I, = (B, + B, + U} = 4A? + 4AU + ?
AmphﬁcauonlsredwedbewmeAtseomm Aﬂofﬂleavaﬂableemgyofthepowerbeam
bhas been diverted into-the output. Further increases in B only increase the size of U, which is not
doubled. When squaring to produce the intensity, the 4AU factor indicates that there exists some
interaction with energy from other parts of the interference image, but U remains the same.
Asammﬂgdﬁsseoondtypeofspedﬂimerferemebebavesﬁkz&eﬁxsttypeofspxhl
interference when B < A. However, it behaves like Young's interference when B > A. Amphﬁcauon
is still limited somewhat, but it is not clipped.
Broad band and narrow band arrangements.
The above-described process is phase-dependent. 'I'heenergyremovedfromthcdnlocauon:s
relocated in the ci position. Butwhat:fthcsxgmlsamveattheﬁnstlmnonatsomeo:herphase? In

. this case, the ci position is at some other location, resulting in near binary operation of a phase-

30

35

modulated signal. The inputs would have to be exactly out of phase in order for the ci location to be
the same as the output location. _

In practice, the optics used will have to be engineered in wavelength units and wavelength
sizes. Most optical arrangements rely on an averaging of energy from multiple points of the cross-
section of an input beam. Averaging of energy from these muitiple points produces the familiar
sinusoidal interference fringe. _ :

Ifthcamphﬁensenglmmdmlmludealargemmberofsnchpomtssoasmuseme
averaging principle, then it will have a wide bandwidth and will be able to function using a mumber of
input frequencies. Theomputlocaaonsfnncnonasxfagmnpofconnoﬂmwerephcedsldebysxde
each one using an individual ray set. _

hﬂnscase,theontpmholemludesahrgemmberofwavelengthmlocauons For slightly

'_diffemphasesandshghﬂydtﬁetentfrequemes the ci location from each pair of input locations will
'beatshghtlydlffexentontputlocauom. Ifthououtpntlocauonshappenmbewuhmtheamofthe

hole, the energy will output. If they are not, it will not. _

ModernopncsmcapableofopmuonsnwwelengﬁmWwdeng&mmpmbeamsand
wavelength size output holes will produce processes that operate considerably differently from the
multiple-location averaging style of optics. The more precise the optics are, the more precisely phases
and frequencies must be in order for the ci area to hit the ouput hole.

Wwdmgﬁmpmcmmwﬂcauseaphase—m&ﬂandmgnﬂmompmoﬂywhmthephasem
closeenoughm_lso_,atthcﬁxstlocanon.morderforthemmtohn;hewavelengthwompmhole.
The output from an analog phase-modulated signal would be a binary output that occurs only when the
two inputs are exactly out of phase. :
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If nuultiple frequencies are used, the only ones that will be able to hit the output hole will be
thosethatmamchthewavelengthgeometrysothatdxecllomuonlswheretheunyholexs

As a result, each method and each device must be engineered to produce the type of amplifier
needed. Ifaphasedemodulamnstoopememthananalogmput 1thllhavetobeoftheavmged
multiple location (broad band) type. Ifltlswbeusedmalnmrycncmt th@nﬂxesmglewavelength
size location (narrow band) type will work quite well.

It is possible to produce a considerable number of composite operations by using a number of
wi -size controllers having a common first location, but separate output locations; thus, a
variety of signais are able to be handled all at once.

Aﬁeqmydiviﬁmdemlﬁplaaisab{embepmducedbyinpuﬁngmcbums&omdifﬁerem
locations directed to a common location. Each different frequency will produce its ci at a different
output location. Ifeachompmlocaﬁonhasitsownoutpmholeintheimagecomponeﬁsepmmr a
mmplexmofﬁemmsm&emuwﬂbemmdmosepamoupms Meanwhile, it will
ﬁlmomanyﬁequemmmbawmbemusemommuholempmwdediotmoseﬁequewes and no
matching input frequency is provided.

If the control input is directed to a common location and 2 mumber of power inputs are used,

" each having a different frequency and a different location, the geometry is able to be arranged so that

30

35

the ci locations all match, producing a very accurate frequency-selectable filter. All frequencies that
match a power beam will have their ci at the common output hole, All other frequencies will not. The
difference between this arrangement and the broad band averaging arrangement is that each of the
frequencies that pass through the filter nmist match precisely the frequency and phase of the power
beam.Atwavelengthsms,ﬁltersarecapableofpmwdmgmebestselecnmyofanyknownmam,
especmllyathghtwaveﬁequncxesandbeyond

These basic principles of operation produce functions similar 1o the way electronic transistors
petform similar functions. As a result, the present invention warrants the common name "photonic
transistors.” Even though the present invention is quite capable of using non-photonic wave-type -
energy, photonic embodiments are expected 10 become the most common in operation.
39. The present invention provides the following advances in the art of photonics:
a. A complete technological base for energy beam (especially photonic) computing using special
b. Means, method and apparatus for performing:

i Basic amplification, limiting, and clipping.

i,  Basic threshold detection.

iv. Digital information storage.

v. Frequencyandphase-sensmveﬁlmng
c. Immonnecungmnsandnndmdfotmﬂmngemgybumoompom.
d. A clear understanding of energy beam operational principles, including:

i Multiple beam summing for function interfacing.
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Energy beam differentiation.
Energy beam integration.
Effect of maintaining one beam constant.
Saturation.
Cutoff.
Phase relationships among multiple input beams.
e. Estabhshabasncmadlemaucaltheoryofopemuonforspec:almetfeteme mcludmgnsnon-hnear
amplification characteristics. . :
fmmmmhmmwmmrmeamﬂmopmumofmﬂnplemgy
g Momﬁrﬂyesmbﬁshawmepmﬂbasisbrﬁeuseofenugybamwmﬁshmkshﬂewfom
reserved for electronics, and tasks far beyond the capability of conventional electronics.
b. Establish the operational similarities and differences between electronic transistor circuits and energy
beam circuits so that the common term "photonic transistors” will be rightly applied to the present
invention. - 1 N S
i. Establish the technological and conceptual basis for producing electron-wave electronic fanctions.

The foregoing benefits of the present invention will become clearer through an.examination of
the drawings, description of the drawings, best mode(s) for carrying out the invention, claims and
abstract which follow.

#-rs‘gsgzﬁ.ﬁ?'asF=
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" BRIEF DESCRIPTION OF THE DRAWINGS

meinvenﬁonwdnbecomemomnndersmndableuponmemmimdmofthefoﬂowing
dramngsalongmththedeuﬂeddescnpuonbelow Pleasemtethattheenergybemnanglesandm
are exaggerated so as to provide clarity of understanding. -

Flg.

1. Controller using special interference.

Figs. 2A through 2E. Controlling Locations in five states.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
* Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
. 21, Square Wave Oscillator/Schmitt Trigger Logic.

Fig

Fig.
Fig.
Fig.
Fig.
Fig.

™ N9

2A. Controller using both types of special interference, having both input beams off. -
2B. Controller using both types of special interference, having one input beam on.
2C. Controller using first type of special interference, having the 2nd input beam on.
2D. Controller using both types of special interference, having both input beams on.
2E. Comollerusmgseoondtypeofspec:almmfereme havmgtheanmputon

3. Inverter having one input beam on. -

3A. Inverter having both input beams on.

.4. Frequency Spectrum Filtering.

Cascaded Amplifiers.

Bistable Configuration with Feedback

Threshold Detector,

Summation Vectors.

8A. Threshold Detector input/output waveforms.

9. Feedback in Threshold Detector.

10. Schmitt Trigger input/output waveforms.

11. AND and OR Threshold Detection input/output waveforms.
12. NAND Logic. '

13. NOR Logic.

14. Exclusive OR Logic.

1S. Binary Half Adder Logic.

16. Clocked Bistable Logic.

17. Binary Digit Counter mputlontput waveﬁonm

18. Binary Digit Counter.

19. Binary Counter and input, intermediate and output waveforms.’
20. Oscillator Logic.

22. D-type Bistable Logic and input/output waveforms.
23. Demultiplexers and Logic.

24. Multiplexer Logic. '

24A. Multiplexer input waveforms.
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BEST MODE(S) FOR CARRYING OUT INVENTION T ;
1. The basic energy beam controller. . - :
Thepetspecnvevxewofl?lg 1 ﬂlumwsdlepreﬁerredembod:mentofthebaslcumtofthg

present invention, anenergybeameomoﬂeruuhmg._merfuem;ofeuhertypeas_dlscussedmme

Disclosure of the Invention above. It consists of a first beam set (1) of at least one beam of energy and

a second beam sef (2) of at least one other beam of energy that are superimposed at at least one location

3). Intlnsﬂlusuauon,oneofeachnsshown,although "at least one” nmnsthatmpncneethaeare

abletobemanyswhlocauomandbeamstbatbehaveasthosexllusmwd . _
thnbothbeunsesmon,theymrferewpmdweanmerfemmemagehmngadlm

atloeauon(3),andacla.matatleastoneothulocanon@)._ln_-m:slllumnontwoclatas(4)a:e

shown. Energy behaves the same in all areas of locations (4). Energy from the ci areas contimues on

to provide an output (5). qumysorbeamsoftheoutputbeamsetareshownmthxsﬂlusmm. ‘

They behave thie same and operate in unison..

Anmagccompomsepamor(ﬂ,mthscaseanopaquemask ptevemsenetgyﬁ'omlouuon
(3)&ombeeonmgapattofthemltput(5) ;
Whentheopuesaredmgnedtonkeadvmgeoftheﬁrsttypeofspmalmerfueme all of
the energy from either beam (1) or beam (2), when on by itself, mdxmctedmlocanon(S)andstopped
by mask (6), and output (5) is off. mopncsdomtdlmctenergyﬁ'omeldlerbeammwardslocauon
(4) or into output (5). : : : :
mmmmmmmmm&mmmemmwmm
beams arrive individually, including location (3), when both beams (1) and (2) are on. If beam (1) is
on first, and then beam (2) comes on, less than or equal to the level. of beam (1), the total amount of
energy in the di area, including location (3), is reduced by an amount equal to the level of beam (2).
More than di occurs. The energy does not just go away. The law of conservation of energy
requires that the energy which disappears from the di area mmst appear at a ci area, so that an entire
interference image is formed. The ci areas are labeled as locations (4). . |
The energy which is diverted 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-locations (3) will be 2ero, and all of the encrgy from both beams
willappearatlocations(4).Whenevermtsy_appﬂrsatloqﬁoma),it_conﬁmonin;omupmﬁ).-
If beam (1) is larger than beam (2), energy with an amplitude equal to the difference between
(1)-and (2) will appear at locations (3) and be stopped by image component separator (6). The
amplitude of the energy diverted into locations (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 diverted away from the di
locations (3) and into the ci locations (4).. | -
Iftheamphtudeofbeam(Z)mcreasessothatmamphmde:sgxumﬂnnthatofbm(l),
amphmdeoftheenergychveaedbymerfereneemowtpm(S)lsequalmmeetheamphmdeofme
smanerofthctwo,mmely,bmn(l).'Ihemensxtyof_theenergy,orpowerperumtam,
mmﬁmmlyq@mhmﬁmmm&amaﬂt.mm&wkmmammm
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(5), as either of the input beams by themselves at location (3).

To calculate the total amount of energy in output (5), one must also take into account surface
area and time. Since the two input beams are the only source of energy, the total amount of energy in
output (5) does not exceed twice the amount of energy in the smaller of the two beams. The fact that
memnmwmfmnnmsmmdymmmemymsbmmwdmamuu
surface area.

Ifbeam(l)nsheldatasubsmaﬂyconstantlevel and the level of beam (2) fluctuates, or is
mod\datedbelowmelevelofbeam(l),output(S)wxlloomammeethemmofenergytbatthe:els
in the modulated input beam (2), assuming perfict optics. '

The additional energy in output (5) is removed from beam (1) by interference. Since the level
of output (5) is a function of the level of the modulated input at beam (2), output (5) contains an
amplified modulation envelope just like the modulation envelope of beam (2), only having up to twice
theamountofenergy

Since the power for this amplifier comes from beam (1), it is called-the "power beam" when
the present invention is used as an amplifier. The modulated input beam (2) is called the "control beam"
because it controls how much energy will be diverted from the power beam by interference.

If the level of control beam (2) rises above the level of the power beam (1), output (5) will
hold steady at twice the level of the power beam. Amplification stops, and the modulated waveform is
clipped off. This occurs because the output is equal to double the level of the smaller of the two beams,
andinthisusethelwdof&esmaﬂetpowerbamismm.pmducingacommmtpm.-

How these component locations and beams interact to produce a variety of functions are able to
be understood more fully by examining the critical locations more closely. Figs. 2A - 2D are an energy

 beam controiler of the first type; that is, using the first type of special interference.

Four states of the most basic operation are shown in Figs. 2A - 2E. Angies in the figures are
exaggerated for clarity. In this discussion, "beams" are sets of beams or rays that operate in unison as if
they were single beams. Such beam sets are able to have muitiple Jocations that behave in unison as
described herein, but they all function as depicted in this close-up view.

Two input beams (1) and (2), directed to & common location (3), along with location (4),
output (5) and mask (6), are depicted for four states. Fig. 2A state shows the state when both input
beams (1) and (2) are off, (as indicated by the cross-hatch). Energy does not appear at any of the
locations. This mull state is important and occurs in many applications of the present invention,

especially digital applications. Output (5) is off.

Fig. 2B state depicts the state when beam (1) is on and beam (2) is off. Energy does not
appear at location (4), because the energy is purposely not directed there. Mask(G)prevemsenergy
from reaching output (5), so it is off. - : _

Fig. 2Csntedep1ctsthestatewhenbeam(2)xsonandbum(l)xsoff In this state, energy
does not appear at location (4) because it is not directed there by the optics, so output (5) is off.

" -Fig. 2D state depicts the state when both beams (1) and (2) are on. The beams are
superimposed so as to produce destructive interfirence at their common location (3). Msthematically
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the two beams cancel; however, the energy in those beams is not destroyed. Rather, the energy from °
bothbeamsisdivemdawiyﬁomlocaﬁon (3) and into location (4), whexecdnsnucﬁvemm
takes place. As a result, the interference image in state Fig. 2D covers an area that is different from
the area covered in state Figs. MMthC.-Emy&vawd.w-_Mﬁm(4)mnﬁmmmMmsk
(6), to produce an on output at (5).

Benms(l)and(Z)areabletobeverysmall evensmgleraysasthosetlmtcomeﬂnmsmgle
pmelsofahologram. Benm(l)and(Z)axealsoabletobeptojmdmgaspmducedbysetsof
beamsorraysatlocanon(3)dunngsnteFlgs..ZBand2C,mcludmgthpseprodueedbyholograms.
During state Fig. 2D the images interfere to produce a new image which is able to have nmltipie
component parts separated s a5 t0. provide multiple outputs such as location (4).

Beams (1) and (2) are also able to be component parts of complex, multi-input dynamic images
(images that change continuously as computation proceeds, as within a photonic computer.) As
components of more complex images, then Figs. 2A-2£mpresemtheopmﬁonofonesetoflmﬁbns
amongmnymﬂuplesemoflmomthnopemsnmlmouslyasdlﬁuemeompommpamof
multiple complex images ﬁmcnomng in parallel.

Themgecompommsepmmrathcmon(ﬁ)lsabhmbeanyopucﬂelemmmomdso

as to separate energy in one area of the image from energy in another area of the image. For

simplicity, a mask is illustrated. It blocks energy that appears at location (3), but passes energy at
location (4) to become the ousput (5) in state Fig. 2D when both inputs (1) and (2) are on.

To produce a maximum output at output (5), beams (1) and (2) must be 180 degrees out of
phase at location (3) (which is, of course, a requirement for producing di) and of equal strength. When
these conditions are met, all of the energy from both beams will be diversed into the constructive
interference areas at locations (4), in phase, and on into-output (5). When these energy beam controliers
mmmmmcwdwimmmom,marﬁumm_mwmpnmdwmwetwolmdom
(3) and (4). . S |
Thephaseofanmpmbeamnsdeﬁmdasbungusphaseatlomon@)whmonbynself
(unlmsotherwxsestated)Asaresnlt, (I)M(Z)mcomdeledwbelwdegrwsomofphase
with each other in order to produce an output at output (5).

nephaseofmoutpmbemmdeﬁnedasbungthemastheeomhmdphaseofmgyu
location (4). Whentwommomoomoﬂem,orothaphase—dependemcompmem,mmomemd,

35

example, if the output of one controller is directed into the input of another controller, the two are
located so that the output measured from location (4) will provide the proper phase of energy at
location (3) of the succeeding controller in order to accomplish its design task.
Thepmdsionof-opendmofFigs.zA-ZEdependsopthcmmsusedmmmme _
optics used to produce it. If the tolerance is larger than wavelength sizes, then operation will gencrally
be broad band. If the tolerance is in wavelength sizes, narrow band operation is facilitated. Broad
band applications function the same as when many narrow band controllers, with slightly different band
passes, are operated in parallel, that is, when multiple precise locations (4) exit energy into cusput (5).
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This is because the precise (4) locations will be slightly different for different frequencies and phase
differences. The more a design is able to single out precise (4) locations, the narrower will be its
2. Using the second type of special interference.

Thcsecondtypeofmerferemeaﬂowsemrgyﬁomomofmebmstoappmmmeoutpm
whenxtxsonbyxtself but not otherwise. In this case, also shown in Figs. 2A, 2B and 2D, state Fig.
2C does not occur; instead, state Fig. 2E occurs. This type of interference is able to be used to provide
an amplifier by using beam (1) as the energy-supplying power beam. However, such interference
cannot be used to produce the Boolean AND function or the gated amplifier.

This is an energy beam controller of the second type. Both broad band and narrow band
arrangementsa:eabletobeprodueed.
3. LogxcalAND

. A controller of the first type will function as a Boolean AND. Whenbeams(l)and(Z)ate
modﬂmdm&bmrymfommomemrgymﬂappmnhemm@)andmonmoumﬁ)oﬂy
when both beams (1) and (2) are on. When either of beams (1) or (2) is off, output (5) is off.

In terms of amplitudes, whenthesmnerofthetwomputbeamxsm,meompmmatequals

-twice the smaller one is zero,

3. Amplification.

If one of the input beams such as beam (1) is kept on at a substantially constant level and the
second beam (2) is analog-modulated, the energy diverted into the output will be greater than and
proportional to beam (2). Because energy from both beams appears in the output (5), output (5)
represents an amplified version of the modulated input at beam (2). As a result, the maximum amount
ofmgy,wmmmmeqwimeoombimﬁonofmm;mly,mice'mexmnof
beam (2).

Emrgyfotaccomphshmgamphﬁmmoomesﬁommeommpowerbam(l),andxs
determined by the modulated control beam (2). © I the control beam (2) is binary, the output (5) will
also be binary, at up to double the leével of beam (2). :

More is occurring here than the simple changing of amplitude such as occurs when a beam of a
cértain cross-section is focused onto a small spot. Beam (2) has a modulated envelope with a certain
maxinmm amount of energy. This is able to be represented by the actual amplitude of the beam.

The power beam (1) also contains energy, and has an amplitude greater than or equal to that of

- the control input beam (2), but carries no information. Interference causes energy from both beams (1)

and (2) to be diverted into the output (5) only when beam (2) is on, and in proportion to beam (2).
Since all of the modulation changes in beams (1) and: (2) appear in the output (5), the output (5) will
contain information only from beam (2) simply because only the control input at beam (2) has any
The modulated envelope in the output (5) has up to twice the amount of energy - not just
amplitude - as the control input (beam (2)). As a result, the action of the present invention truly is
amplification and does not have a residual output level when the control beam is off, as do the energy
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beam amplifiers of the prior art.

- Elthertypeofspeualmerﬁexmxsablembeusedtoamphfy Ifﬂlcsecondtypelsused
beam (1) must be the power beam, as its energy does not contribute to output (5) when the control
input (beam (2)) is off.

4. Gating.

 If the first type of special interference is used, thenuﬂlennpntlsabletoptovndepower
because they both work the same. Addmonally,nmngoﬂ‘thepowerbem(l)pmemsanyhd—
through of energy from beam (2). This permits the amplifier to be gated off by simply turning off
beam (1).

5. Limiting,

Theleveloftheconstampowetatbeam(l)estabhshsaeemmsatmuonlevel Generally that
level is equal to the level of beam (1) {depending on the optics used).

Whenthecomolbeam(beam(Z))xsbelowthemmuonlcvel themodulawdmputofbeam
(2) is amplified in the output (5). Above that level, all of the energy available for diversion into output
(S) has been diverted. With no more energy from beam (1) available, increasing the level of the
control input (beam (2)) is unable to cause more energy from beam (1) to appear in the output (5). As
a resuit, the present invention functions as a limiting amplifier.

Asmmmelecnomcwumpm,nmsemodmmgmmuesmabhmbechppedoﬂ’ofm
modulated envelope. How cleanly it does this depends on the optics used. Heavily over-driving a
device is able to cause leakage in some cases. Certainly, if the second type of special interference is
used, there will be leakage by design. Increases in input level above the saturation level that do leak
through will not be amplified, butwﬂlbewenumdbythemsk(@,whwhpmemssomeoftbe

. excess energy from reaching output (5).

hnper&uopuesmydneusomeofﬂieinpmemrgyﬁomhm(l)wsomﬂmﬁonwhmby
themmﬂe:ence:sunablcwdwenmatpomonofthemgymtheonqmﬁ) Such energy has
smplybeenmadeunavaﬂableﬁordwmonbymeopnmhmngm :
6. Inverter and NOT. :

Whendesunwvemrfaemenkesplmeamaona)ofmamphﬁu,meemrgy&ombom
bamm&venedwﬁeamsofwnmmvemmemhasmﬂ),wmchmmgy
from location (3). Figs. 3 and 3A show a modified arrangement whereby mask (6) has been replaced
wnhmsk(7)(shownmcmsssecnon,)thathasaholemxtatlocanonG)

Energy diverted into output (5) is directly proportional to the control input beam (2). As a

. resilt, output (5) is called an "uninverted” output. Energy that passes through location (3) into output

35

(8) is inversely proportional to the control input (2). As a result, output (8) is called an "inverted"
The maximum uninverted output (when the control input is smaller than the power input) is

equaltothepowerbeamthatnmplypassesmrommmnpm@) Asamﬂt,thzumnvemedontput
is not amplified. - - :
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If the amplifier is driven into saturation, the excess energy that is not diverted into the
uninverted output (5), exits via output (8). The output phase changes depending on the input levels and
phases. This aspect will be covered below in greater detail in the discussion on threshold detection.

If the control imput (2) of this inverter is modulated with binary information, then this
arrangement performs the logical NOT function. '

7. Phase demodulator and comparer. .

Nextmanexmmuonofhawﬁepvaemonopmgwenchmgesmphaseand
frequency, reference to either Figs. 2A - 2E or 3 - 3A.

The present invention is very phase-sensitive. The operational phase is established by the
constant power beam of an amplifier simply because it is unmodulated and serves as a reference beam
to compare other beams to.

To produce a maximum output at output (5), the input beams (1) and (2)) must be exactly 180
degrees out of phase at location (3). Any other phase difference, greater than zero, will reduce the
energy level at location (3), and increase it at location (4) in proportion to the phase difference between
beams (1) and (2) in a broad band arrangement. As the optics are made more precise, and especially as
construction accuracy nears wavelength dimensions, devices are able to be built so that energy that
arﬂvasbemwnbuﬁom(3)md(4)wiﬂhﬂxkedby&eimaggcmnpommnpamor,mnﬁngm
narrower bandwidth and sharpening of the phase selectivity of the device.

If the control input beam (2) is in-phase with power beam (1) at location (3), constructive
rather than destructive interference will occur at location (3). In that case, no energy will be diverted
1o location (4), and output (5) will be off. Amplitude changes in the control input beam (2) will not
feed through to output (5). '

_ Phasemoﬁﬂmgmewmol(bma))pmduwsmamphmdemduhwdoutpmatmtpmﬁ).
If the optics are very broadband, allowing energy from the space between locations (3) and (4) to enter
output (5), a slight phase-modulated component will skip through into output (5). However, narrow
band optics will allow energy to exit into output (5) only from locations such as location (4) where
complete constructive interference occurs, and the energy from both input beams is in-phase.

If the control beam (2) has both phase and amplitude components, output (5) will contain an
amplitude-modulated combination of both the amplitude-modulated part and the phase-modulated part.
As a result, the highest-level output resulting from demodulating the phase changes is also affected by

- the amplitude of the input.

35

As a result, ﬂ:epzesemmvenuonlsablewbeusedasaphasedemodulmrbyphase
modulating the control beam (2) of an amplifier.

'l'hephasedemodnlatoncmallycomparesthepbaseofbums(l)anda) If one is & constant
standard, and the other is phase-modulated, the output is demodulated into an AM signal. If both
inputs are phase-modulated, the output will be of a high level when the two signals are out of phase, at .
Jocation (3), and at a lower level when they are in phase. Simeqonstrqcti,veinmﬁe:eweoccmsat '
location (4), the phase of the output at output (5) will be the common phase between them.

Output amplitude of broad band designs will vary proportionately over the full range of phase



10

15

20

30

35

WO 96/18964 . PCT/US95/16455

48

differences. wabnnddemmmﬂvuypropomomnely,onlyoverdwbandpassnnge
8. Multi-frequency operation and active filtering.
Eachconmlagnﬂ:npnmdmbem@)&nmnbemphﬁedmlmveammhmpower
beam (1). Morderformuﬁremetonhephcemdamphﬁcaumwgccur,thepowerbum(l)mst
contain energy at the same frequency as the information to be amplified in the control (beam (2)).
~ Ciis produced at slightly different locations for each frequency (like the colors of a rainbow).
If the output openings are large enough at location (4) to accommodate a large number of precise
frequency locations, then the device will function in a broad-band manner. If it is designed to only
allow through energy at a small number of frequency locations, then the device will be narrow-band.
If the control input beam (2) is provided with energy having multiple wavelengths, interference
will occur only with those frequencies that appear simultaneously in both inputs. (Not considered are
harmonics, heterodyning and the use of special materials, which are also able to be used with the
As a result, the present invention operates as a very sharp filter. If a frequency-multiplexed
beam is provided, it is able to be used t pick out information that matches each power beam frequency
and amplify it, ignoring all other frequencies if the first type of interference is used. If the second type
of interference is used, the matching frequencics will be amplified and the others will be attenuated.
In the case of light, a single color is able to be extracted, so that any information carried by it
is able to be examined. Given the phase and frequency sensitivity of the present invention, microwave
and even visible portions of the spectrum are able to be divided into channels as narrow as the audio
channels in the radio bands. Naturally, the degree of separation possible also depends on the ability of

 the optics to produce standard power beams that are extremely pure.

Ifthepowetbeam(l)lssupphedwnhewgyhmngtwoormmeﬁ'equmes,theoutput(S)
wﬂlconmnamphﬁedmgmlsexmmdﬁomamde—bandmpmthamwhmeoomhnamnof
frequencies in the power beam (1), while rejecting all others. If the power source, such as a laser,
happens to have lines at several nearby wavelengths, they will ofien be modulated in unison. If that is
mem,mepmmemmmnﬂmamphfymemmmmﬁmeymmmmcdemgnbmdwm
of the active filter used. S -

an.4shommmkspmofammmg§mmpuﬁer.mm
input labeled with its beam number (1) has five frequencies. (P1) through (P4) have the same level;
(PS) is smaller. The control input labeled with its beam number (2) has 10 input frequencies at various

Using formulae 3, above, the output amplitude during amplification is:

if (1) > (2) then ' :

combined et ™ 28 comol input
And, dunngsamrauontheoutpntamphmdels

if 2) > (1) then

combioed cupu) ™ 2pomer ingu

" If the power input = O at the frequency in question, the combined output (5) = 0
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The combined output shown in Fig. 4 has only three signals. Tlnsxshowtheyaredenved
using the formulae above.

1. Cl,C3,C4,C6,C7,C9,andCthavemmatchingpowe:beamand,comequemly,m

matching output. These frequencies are filtered out from output (S5); however, they will appear

in the inverted output (8) if it is available. |

-2. C2 matches P1, producing output Ol twice as large as C2.

3. C5 matches P3, producing output O2 twice as large as C5.

4. C8 matches PS5, producing output O3 twice as large as P2. Because C8 is larger than P2, the

amplifier is in saturation at this frequency. If the second type of special interference is used,

limiting action occurs, as with formmlae 5, and will not clipped at the P2 level.

5. P4 finds no match in the control input, so that no cutput is produced at this frequency.

However, because it is a part of the constant power beam, it is ready and waiting for a

matching signal to show up in the control imput.

Note that the amplifier is able to be in saturation at one frequency and at cutoff at another
frequency simultaneously.

Each of the frequencies produces interference, and the resulting interaction within the present
invention, in all its forms, completely independently of the other frequencies. The exception is when
two frequencies are so close together that interference does occur between the two. In that case, 2
cascade series of amplifiers, each having a slightly different frequency in succession, will allow
information phase- modulated into the first of the cascaded amplifiers to successively transfer
Mfom&onwmgherandhigher(mlowaandbwa)ﬁeqmmiesundlmehfomﬁonhasbem
sucoessﬁnlymnsfened&omoneﬁeqwncybandtoanothet -

Another exception is the interference of one frequency with its harmonics. 'l'lnsemcnsalso
ablembeusedmmepmsemmvmonformsfemngmfomnmﬁomombaseﬁeqnencym
another.

As a result of independent operation at each frequency, everyoneofthewns,methodsand
apparatus of the present invention are able to be operated in a multi-frequency mode, whether they are
binary flip flops, cascaded amplifiers, limiters, or other devices. '

Cmnphymcalmmﬂsmablemmmvmousﬁeqmwsothuthmchmmm
chmgemawhawaymmechmgeaﬁeasommqumes.Suchmmﬂsmusablemmwdem
multiply carrier wave frequencies. By including such materials as the energy transmission medium
within the present inventions, the characteristics of the medium affect interference. For example, if P4
is twice the frequency of C1, a frequency doubling medium will cause interference to take place so as
to produce a modulated output at P4 and possibly twice P4 and C1, depending on the material.

, Negative or inverted filtering is also able to be accomplished with the present invention. The
inverter of Figs. 3 and 3A directs energy away from output (8) when a frequency match occurs. As a
result, output (8) will be similar 0 the control input beam (2), but lacking the frequencies that find an
equal match with the power input beam (1). If they are unequal, the difference amplitude will output.
The following section relates to the interfacing of energy beam amplifiers and the various
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9. Cascaded amplifiers.

Fig. Sshowsth:eeamphﬁetsoomectedmacascadesens Beam (9) is the control beam of
theﬁrstamphﬁet,andbam(m)nsuspowerbum. I..gcanon(ll)n;dweqmvalemoflocauon(?;)m
Figs. 2A - 2E, where destructive interference takes place when both beams are on. Energy is diverted
by interference to beam (12). An image component separator (11A) blocks energy at location (11) and
allows it to pass into beam (12) and on to location (13). Themaxinnmamuuntof'ampliﬁcaﬁonﬁom
tlusﬁrstamphﬁernsdoublethelevelofpowetbeam(lO)whmalloftheenergyfmmbeams(9)and
(10) are diverted to beam (12).

The second amplifier is at locations (13) and (14). Poweussnpphedbybeam(lﬁ) Again,

_whenbem(lZ)lson,dloecmsatlomlon(w),andcloecursatlocauon(l4)bythedwemonof

o energyﬁ'ombeam(ls)and(n).'I'heiﬂnageeomponemsepaﬂtor(lSA)atlocation(l3)ptevems

15

20
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35

energy at location (13) from reaching location (16), while permitting energy from location (14) to pass.
The maximmm amplification at this stage is twice the maximum of beam (12) when the level of beam
(15) is sufficiently high. As a result, when beam (9) is at maximum, locauon(l4)oonmmenergy
from beams (9), (10), and (15) for a maximum level of 4 times beam (9). When beam (9) is off, no
interference occurs at location (11), so beam (12) is off, causmgbeum(M)tobeoﬂ" As a result, beam
(14) is controlled by beam (9). : .

The third amplifier is at locations (16) and (17). The maxinmm amount of amplification here is
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 m;:mgy from beams (18) and (14) t0 be diverted to the ci
location (17), which passes directly to the output (beam (19)) of the cascade series. An image
component separator (16A) prevents encrgy from location (16) from passing into output (beam (19)),
while allowing energy diverted into location (17) to pass into the output (beam (19)). As a result,
output beam (19) contains energy from beams (9), (10), (15) 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 output at beam (19) is completely controlled by beam (9). Since beams (15) and (18) are
larger than beam (9) and are cither diverted or not diverted into output (19) by interference being
controlled by beam (9), beam (9) is controlling the large beams. Naturally, one is able to add as many
amplifiers as needed so that a small beam is able to control very large beams. The process is analog in
mmre,bm:salsoablewoperatemmmslgmlsbymgmhermghmlowmpmagnﬂsmpmw
beam (9). :

Using the first type of special interference, smmngoﬁanyofthepowerbeams(bams(m),
(15) or (18)) shuts off output beam (19). As a result, this embodiment of the present invention is a
gated cascade amplifier, alsocalledaganedavalanchemphﬁermasmnllmputmenergyto
avalancheﬂumghtheamngmmandmmeoutput.

' Usmgthesecondtypeof:merfeteme shmngoﬁanyofthepowetbemsredwesthctoﬁl
mupmabenm(w),bmdoesmmmnmmeompmbecauseofm-mmghofmeeomlbmat
mhsnge 0nlybeam(9)hascompletecomolofthcsenes
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All of the features of the individual amplifiers apply also to the cascaded amplifiers. All of the
amplifiers within other arrangements disclosed in this application are able to be replaced with a cascade
Using the first type of interference, if any of the amplifiers is driven into saturation, the series
is effectively in saturation. If mmultiple frequencies are used, all of them will be amplified, but if one is

missing in either the control beam or the power beam, the missing one will not be amplified. Any of

the amplifiers, other than the first one, are able to be fitted with an inverted output, or output beam
(19) is able to be directed into an inverter. In this way, an amplified inverter is able to be produced.

Many interesting and useful arrangements are able to be made when the power beams have
differing characteristics. For example, if each power input has rmultiple frequencies with different
amplitude distributions for the different power inputs, then the subset of those frequencies that have
common characteristics will be selected out, as each stage acts as an active filter, 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 arrangements is narrow-band and the others are broad-band, the
total bandwidth will be that of the narrow-band arrangement,

10. Multi input AND.

In the cascade amplifier above, the power beams, as well as the controlling input beam (9), are
able to be provided with equal energy levels. Using the first type of special interference, shumngoff
any one of the inputs shuts off output beam (19), resulting in a multi-input AND.

The means and method of connecting controllers to other energy beam devices, including other
controllers, is also illustrated in Fig. 5. In order to operate, each output, such as beam (12), must have
a frequency, a phase, an amplitude, a cross-section, an energy level, beam direction(s) and consistency
and, if modulated, a timed modulation envelope. Each succeeding device, such as the next amplifier,
location (13) and beam (14), has the same requirements.

In arder to intercomnect multiple devices, the intercomnection optics must take into account all
of the requirements. If necessary, additional optical elements are able to be added between the various
locations and/or beams, such as between beam (12) and location (13), to correct any problems and to
match the output of one amplifier to the input of another. The same is true when very complex images
mumdﬁaesenﬁﬂyhugmalugemmbuof&mehsicdevioesopmﬁnghpmudmm
series with other parallel devices. -

11. Feedback, Bistable arrangements.

Fig. 6. shows how to include a feedback circuit in the present invention. Benm(l)mpphes
energy for the amplifier. Imgeeomponemwparatpr(ﬁ)pmmanergythathasmtbeendwertedby
interference from entering the output (5). When the control beam (beam (2)) is on along with the power
beam (beam (1)), di occurs at location (3), and ci occurs at location (4), resulting in output (5).

As output (5) is able to be picked up at mmitiple locations, a portion of output (5) is redirected
by optical clements (20) and (21) such as mirrors. This beam reenters the amplifier as another control
beam, thie "feedback beam” (22). It is oriented so that the fecdback encrgy is in phase with the control
beam (beam (2)) and out of phase with the power beam (beam (1). -
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Initially, output (5) is 6ff. An input puise of the control beam (beam (2)) is amplified. A
porﬁonoftheoutpm’ieedsblckimothcinpntinphasewiththiswmdbm(bam(2)).Regenetative
Wmmm(s)mmmmm)mmwy.nwmnm
depends on how strong the feedback beam (22) is. -

Ifﬂ:efeedbackbeam(zz)lsasmaupomonofoum(S),amphﬁmonwxnbeenhmd Jjust
asmthnselmomccmmerpm Ifalargepomonofoutput(ﬁ)xsusedfmfeedback the output (5)
will increase suddenly to the point of saturation, .

Atduspmmwtpm(S)mon,whnhappemwhcnmummumﬂsemmsoff’Kfeedbackbam
(22)isonlyemughmenhameamphﬁenuon,ﬂxeoutput-(S)wﬂlbereducedtmts-lowestomputlevel.
If fecdback beam (22) has driven output (5) to the point of saturation, then output (5) will remain on,
making the arrangement bistable. Control beam (beam (2)) is, as a result, & "set” input. Pulsing cither
the feedback beam (22) or the power beam (beam (1)) off momentarily will resct the arrangement.

- This arrangement is very sensitive. It is able 1o be built to respond ¢o a single photon. As a
result, it is able to be used as a very sensitive frequency- and phase-sensitive energy sensor.

For most digital applications this energy beam circuit may be too sensitive. In order to be able
10 control its sensitivity, the process of level detection needs to be disclosed..

12. Threshold detector. - : .

Fig. 7 is a threshold detector using an input summing stage and a phase detector using an
amplifier. The threshold detector takes advantage of two important processes: energy beam summing
and the phase filtering and sensitivity of energy beam amplifiers. o

The cross-hatch in this drawing helps to identify the beams, bmwheﬂleruxsonoroffdepmds

 onthe relationships described below.

30

35

Energybeamsmnmngxsaverympomnteomeptofmterﬁcmg .energy beam signals that
have various switching times and amplitudes. Summing occurs at location (23). The nmltiple input sum
image is separated, just as other images are separated. In this case mask (24), shown in cross-section,
pemitsonlyenerg_yﬁomthz-sumnﬁnglouﬁonmbemmiuedinwbam@)_ofthemﬁﬁer.. :

For most applications, inputs (25) and (26) are 180 degrees out of phase with each other.
When more inputs are added, they will have one of these two phases, and not some phase in the
middle. The reason for this is shown in Fig. 8 :

Fig. 8 shows four vector graphs, musmnngfourpossibthuesofthesnmsoftwoenetgy
vmom.Thegmmlfomﬂausesmesmdardvmmmgle(SA),CMMmomofmymovmm
(sidesofﬂ:etﬁangle)produceﬂ:eﬂﬁrd. The length of the arrow is its amplitude, and its angle from 12

o'clock vertical is the phase angle, with straight up representing O phase, andstmghtdown

represennngaphaseoflwdegrees

Bymmmmngthephase:ehuonsh:psofthempmbenms(ZS)and(ZG)ofog 7, 50 their
phaserelguonshlplselﬂerorlso the sum at summing location (23) will be represeaited by graphs
(8B), (8C) and (8D) of Fig. 8. Because the input phase angles are either in or completely out of phase,
the vector triangle degenerates into a straight line. The sum will have the phase of the larger of the.
two and an amplitude equal to the difference between them. -
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If one beam is kept at a constant amplitude and the other rises slowly from zero, the constant
beamwminiﬁﬂlydmrmimmephaseofmem(sm.wmmebeamsmequd,meompm
amplitude drops to zero (8C). When it becomes larger than the constant beam, the output will suddenly
shift phase (3D) 50 as to match the greater of the two. This sadden phase change that occurs even with
a slowly changing input is the basis for level or threshold detection in the present invention.

'In Fig 7, beam (26) is called the "threshold-controlling beam.” It is held at a substantially
constant level. That level determines the threshold which will be detected. Beam (25) is called the
"trigger beam" because it will trigger the output (5) when its level rises above the threshold.
| When beam (25) is off, the sum at summing location (23) has its pbase determined by
threshold-controlling beam (26). The separated energy is directed into beam (2) of an amplifier having
apowetbeam(l)heldatambstanﬁallyeonmlevel,asdesctibedabov_ein'mediscussion_of

- amplification.

nysemngmepamlengmpmpeﬂy,mepmseofbem(z)atmmumemanmphase
detecting amplifier into cutoff by producing constructive interference at location (3), resulting in no
energy at location (4). Output (5) is off.

_ It doesn't matter what the sum at summing location (23) is. Aslongasuprodueesasmn
thgaphaseequﬂmthe&reshoM—comlhngbeam%,ouW(S)wﬂmmoﬁ.Compareenergy
level (8B) of Figs. 8 and 8A. This means that, as input (25) rises, it is able to fluctuate in any manner
below the threshold without changing output (5).

The graph at Fig. 8A shows how the trigger input is able to fluctuate below the THRESHOLD
without causing output (5) to change., When the trigger beam (25) equals the threshold-controlling
beam (26) as shown at (8C) of (OUTPUT (5)) remains off because the amplitude of beam (2) is zero.

Whenmggerbeam(ZS)nsesabovememmlmld(SC),beam(2)1sofﬂ1eproperphaseto
produce an amplified (OUTPUT (5)) at (8D). '

Themsult:saverysemnvethresholcldemwithmadjusubleﬂmsbold. The threshold is
able to be adjusted statically or dynamically by changing the level of beam (26) or by providing
additional-inputs to summing location (23) that are either in phase with the threshold-controlling beam
(26) or in phase with the trigger beam (25). '
13. Schmitt trigger and Set/reset Bistable arrangement.

The threshold detector is able to be made bistable or into a schmitt trigger, bytheaddmonof

- feedback. Fig. 9xsathresholddewcmhkel=ig. 7, with the addition of two more inputs to the

summing location (23).
The cross-hatch in this drawing helps to identify the beams, but whether a particular beam is
on or off depends on the relationships desctibed below.
Apommofompm(S):sduecmdusngmyoomememopumlsymmsuchasmnomm)w'
provide the feedback input beam (27). Beam (27) arrives at summing location (23) out of phase with the
threshold-controlling beam (26). :
Thepmgressofnsopennonnsﬂlusmwdmthemhsofﬁg 10.
Initially, output (5) is off, andpowerbeam(l)mdthedneshold—eomolhngbeam(%)ueon.
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' Triggerbeam.(25)comesonatalevelw'hichislessthandlelevélofbeam(ZG),-andaddsalgebmiuily

10

15

with beam (26). The threshold has not been reached (as described above for the threshold detector,) so
the phase detector at locations (3) and (4) remains cut off. .

The rising level of trigger beam (25) reaches the threshold, and output (5) begins to turn on.
A portion of output (5) is directed to beam (27). Because it is in phase with the trigger beam (25), it
pmdmmgmuvefeedbwhwhmhfomesﬁephsedmcmmm,ordommsammomha
result, output (5) is fully on. . : _ _

Whether the arrangement is bistable or schmitt trigger depends on the level of the beam (27).
Ifitissmaﬂerﬂ:m'&e-theshldcomoﬂingbemmx-theamngmwmbeaschnﬂuuiggu
When the trigger iiiput goes below the threshold, the threshold will be reached, thepbaseatsummng
location (23) will reverse, and the phase detector will go again into cutoff, :

If the feedback beam (27) is larger than the threshold-controlling beam (26) the arrangement is
bistable. When the trigger beam (25) goes off, beam (27) will still have enough energy to maintain the
energyatsnnminglocation(ZS)abovethe'dne'shold.'Triggerbeam(ZS)isthcnablqtobecalleda

Tometmeamngmmbm(%)maddedasamamput ~An energy pulse in beam (28)
arrives at summing location (23) in phase with the threshold-controlling beam (26), raising the
threshold above the level of the feedback beam (27), reversing the phase at summing location (23) and
forcing the threshold detector off. '

14. Multi-input AND and OR, andﬁ:uyloglcelemem

Fig. 11 shows how, byusmgexthetl-'lg 7 or Fig. 9, anmln-mputANblsabletobemadeby
setting the threshold level as needed. The threshold-controlling beam (26) is set so that the threshold
matches the type of operation desired. In Fig. 11, the AND THRESHOLD shows how the threshold is
set just below the maximum sum that occurs when all of the trigger inputs are on, in this case beams
(25) and (28), beam (28) being in phase with beam (25). Since all of the trigger inputs have to be on 1o
reach the threshold, andas'myuigguinpmasonewmmable'tobeaddedimmemngemem, it

-funcuonsasanmln—mpmAND

If the threshold-controlling beam (26) is set low, mmmmmmmmwmanyom'
ofthemggerbeamcomeson,theORTI-IRBSHOLDhasbeenmchedandoutpm(S)t\nnson.Thlsls
a multi-input OR.

Iftheamngemem’off-‘ig 7 is used, the levels of all of the input beams are able to be set so

' thmsammumoecuxsmﬂ!meaddmonofmybeamthatpusamnglomm(%)aboveme

s

threshold. Ifﬂxemgementofog 9 is used, ﬂxenttsmputsmsetsothatnflmcnonsasaschnntt
Since the threshold is able to be set anywhere between the AND THRESHOLD and the OR
THRESHOLD, theamngememnsabletobeusedmﬁlzzylogxcandnemocxmtty The threshold-
controlling beam (26) is able to function as an adjustable "weight" input. ' :
15. NAND.

}hvmgthebaslcoonuonaopemuonshownmptewousﬁgm loﬁlcmtereonnecnonsareable



WO 96/18964 PCT/US95/16455

10

15

30

35

| 55
to be depicted using conventional logic symbols having labels to match the beam positions used. Where
duplicate mumbers are used in all of the logic diagrams of this specification, they refer to the beam
types as described in Figs. 2A - 2D, 3, and 3A as they apply to the individual logic element. For
example, Fig. 12 shows an AND symbol with a (5) output directed into an inverter symbol at beam (2).
The AND symbol refers 10 the arrangemeant of Figs. 2A - 2D, and the inverter symbol refers to the
arrangement of Figs. 3 and 3A. Of course, cascade arrangements are able to be used as described in
section 9 above. ' | -

Fig. lZshowsﬂ:eloglcdlagnmofaNAND (30)1sanANDasmFxgs 2A -2D. (31)|san
inverter as in Figs. 3 and 3A, however, the inverter shown in U. §. Pateat 5,092,802 will also work as
this inverter. Input(l)ofmverﬁer@l)lspmdedm&apowerbeam(l’) (30) provides the AND
function on the input signals (NANDI) and (NAND2), and (31) performs the NOT function to produce
the NAND function cutput at (NAND3).

15. NOR. o |

Fig. 13 shows the logic diagram of a NOR. Two inverters (32) and (33) are provided with
power beams from (P). Inputs (NOR1) and (NOR?2) are inverted before entering AND (34). This
produces a NOR output, (NOR3). o
16. XOR. . o

Fig. 14showsmelogicdiamﬁormXORm:dmmtchmgephasgms_ompmsm
the prior art Exclusive OR. (XORI) and (XOR2) are inputs to a summing location (35). This summing
locauonopemwsjusthkethemmmnglocauondspwwdm(m). (SC),and(BD)ofFlgs 8 and 8A and
location (23) of Fig. 7 and Fig. 9,

Thesumnnngloeanon(35)pmduoesab1phaseoutpmwheneverXORlorXORZareonby
themselves. The output of summing location (35) is directed to two ANDs (36) and (37), which
function as phase detectors. Although the AND symbol is used, the second type of special interference
is able to be used in this instance. | |

A constant powes beam is supplied to AND (36) from P. Power is also supplied to AND (37);
however, it is first phase-shifted by 180 degrees by phase shifter (38). This phase shift is able to be
awompﬁshedbqupﬁcdelemem,mbysimplyposiﬁoningmeqompbmpmpeﬂy. As a result,
when XOR! is on by itself, AND (36), acting as a phase detector provides an output, and AND (37)
does not. When XOR? is on by itself it is 180 degrees out of phase with XOR1, and 5o is the output of
summing Iocation (35). NowAND(SS):scutoﬂ‘ and AND (37) provides the output.

Having separated the two phases, theyarenowablembebroughtlmkmgether Theomputof
AND(36)mphas&sh;ﬁedby180degreesbyphseshfm(39),‘otpouuoml_pm The outputs of
AND (37) and the phase-shifted AND (36) are brought together at another summiing location (40).
This provides an XOR output at XOR3 that produces the same output phase regardless of whether
XOR1 or XOR? is the XOR that is on by itself. XORS3 is off if XOR1 and XOR2 are on or off

 together.

17. Binary Half Adder.
Thebmaryhalfadderlsshowanlg 15. TheExchlslveORofFlg l4lsshownusmg
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conventional XOR symbol (41). The two inputs (42) and (43) are apportioned into both XOR (41) and
AND (44). The Exclusive OR provides the SUM output, while AND (44) provides the CARRY

" 18. Clocked Bistable.

Fig. lﬁmmmmbrdochngmmgywwebmbledevwem (FF)isa
blstablemngememsuchastheoneshownmﬁg 9. Bm(ZS)pmd&usetpulse andbenm(28)
provides the reset pulse.

* Inondér to produce set and reset pulses of the proper tiniing, the CLK clock input pulses have
1 be directed first to the set input beam (25) and thea to the reset input beam (28) of (FF).
' Power is provided to flip flop (FF) as shown in Fig. 9. Initially, (FF) is reset, and output (5)
is off, Inveruet(47)xspoweredbyabamfmm(P) Itsomulson.embhngAND(%)

The pulses into CLK are directed to ANDs (45) and (46). Thmxsasyetnomrgycommg
outbfdelaylme(48),soAND(45)lsd|sabled The first pulse from (CLK) passes through the enabled
mtﬁ)mmmmpﬂwmmmghmas),mmm(s) |

" A portion of output (5) goes through delay path (48). ‘Before energy exits delay path (48), this
ﬁxstclockpulse&om(CLK)wrmmwstomsurethatmesetfumuonwmmsﬁﬂ '

Thedelayedenergyﬁ'omdelaypath(ﬁ)enablesAND(45)and1sd1recwd1momveruer(47)
This causes inverter (47) to turn off, disabling AND (46). '

msecondpulseﬁomCLKamveswhenAND@G):sdmbledandAND(ﬁ)membled

"rmscausesenergy:opunsemmugn:obam(zs),mng@m

Emgy_wmmm_mnpmﬁom_ddaymﬁ(ﬁ)wmmmﬁe@oﬁeﬁﬁmkmﬁﬂ.
The sccond pulse from CLK terminates before the end of the deliy time of (48). Then energy from
delay path (48) terminates, enabling AND (46) and disabling AND (45); and the clocking cycle is

19. Differentiation, and the_binary digi; counter.
" Fig. 17 (17A) is & graph of a typical bistable signal, found at'the output of a clocked bistable
arrangement such as Fig. 16, which is to be used as an input 10 a binary digit counter. A binary digit

' wummessemaﬂyahsubhdemeﬁamabhmbeclodmdhyabmrypulsedbamhmng

30

35

variable-length pulses. Fig. lSshowsthelogncdngnmofabmrydlgucoum )
(CFF) in Fig. lSlsthcclockedﬂlpﬂopoangltS ltteqmresclockpnlsesat(CLK)tobe

khoruerthantheumeofdelaypad:(“)ofﬁg 16. Vamble-lengdlpulsenreshownmgnph(NA)of
‘Fig. 17andasthemputtotheb1mrydlgncomr Fig. 18, D). @~

Theﬁrstbxmrypulsestamatume(ﬂ), Fig. 17. Topmdne;s;andudlengﬂlpﬂses a portion

'of(Bl)lsdnectedlmoastmmnglouuon(49),andanotherpomonmoadelaypath(SO)ang 18.

Snmmnglocauon(49),asyet,hasnooﬂ:ermpm.Itsoutpmlson,whxchsunsﬂleﬁ:stclockpulsefor
CLK.

'I'hedeiaypath(SO)omputsnoenergylmﬁl_ﬁme(SZ)showninFig. 17,a;whichﬁmeenugy
exits delay path (50) which causes di at summing location (49), terminating the first clock pulse into
CLK. The delay time of delay path (50) is shorter than the enabling delay timé of delay path(48) in
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Fig. 16.

CLK remains off as long as both inputs to summing location (49) remain on, until time (53),
when the BI input shuts off, and the di at summing location (49) stops. There is still energy in delay
path (50), so summing location (49) begins outpusting another pulse. However, because di is used at
summing location (49), this pulse is 180 degrees out of phase with the first pulse shown by the cross-
hatch in Fig. 17. This shows the process of differentiation of an encrgy pulse. |

The phase detecting controllers in CFF do not respond to this phase of energy, so these pulses
are ignored. When all of the energy in delay path (50) is exhausted, the reverse phase pulse at CLK

terminates at time (54). At time (55) the process is repeated, and CFF clocked for a second time. This

produces the CFF output BC having wave form (17C) at one-half the clocking frequency of the (BD).
As a result, single binary digits are counted in binary.

In order for all but a small amount of energy to pass through the differentiation process,
through (49), the pulse ise and/or fall rates must be faster than the delay period through (50). If rise
or fall times are too slow, then di will be established or removed before the output from (49) is able to
reach its maximum value. As a result, rapidly rising or falling pulses will pass through the
differentiation process, while slowly changing pulses will be attennated.

Thmdlffuemmmpmcessmabhmbeapphedwagrmvmetyofemrgybmmts,m
asntselecuomceoumerpmxsavemuletoolmelecmmes
20. Binary counter. _

A cascade series of binary digit counters, BDC, through BDC), are shown in Fig. 19. Each
BDC, binary digit counter, is as shown in Fig. 18. Each BC output of each BDC is directed into the BI
input of the next BDC. ' _ :

Asetiwofplﬂsestobewnmdmattheﬁrstinpm(ﬁ)andgnph(ﬁ) Operation is the
sameaswnhelectmmes,exceptthatwhenumgﬂxepmemmonthhhght thcpmeesscoumsat
light speed.

anhs(57)thrwgh(59)showametypiedbimmmompmofmhingbeams(sn
thmugh(59)Asmnybmuydngxtwnmetsasmmededmabhmbeadded,asshownby . BCDy
with its output (60).

21. Gated Oscillator.
Fig. 20 shows a Gated Oscillator. Anampﬁﬁa(sl)pmmesmnﬁcaﬁommpowermu);

. lssupphedbybeam(G) Itsoomolmputbeam(Z):ssupphedbyﬂwmnpmofanmvener(63) The

mvenerspowereomesfmmbm(?) Imually,mvemt(63)nson,whwhduectsemgywbum(2)

of amplifier (61), which in turn is amplified to produce an output at output (5).

35

A portion of output (5) is directed into delay path (62) to provide a delayed feedback signal.
The cumulative delay through the whole circuit is the frequency determining device, but the delay time
through (62) is the primary determining factor. The output of delay path (62) tums off inverter (63).
Output (8) turns off amplifier (61) and output (5), completing the cycle. : '

The oscillator continmes to turn the encrgy beams on and off as long as power is supplied to
amplifier (61). When constant level input (G) is gated off, oscillation stops: When (G) is gated on,
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oscillation starts again.

22, SquareWaveOsclllator

~ Fig. 21 shows a square wave oscillator. FFlsthesetIresetbmbleamngmmofF:g 9.
Powerlsmpphedfrom(G)tobm(l).Apornonofqutput(S)lsdltec_tequdelaypath(ﬂ),whlch
provides the primary time delay that functions as the primary frequency determining device. The output
of delay path (64) is directed into the reset input (28) of the bistable device (FF).

Ini_tially,but_put(S)isoff.lﬁput_(zs)isgatedonandheldqndnﬂng.thc_ﬁmeomllaﬁonisto
take place. The threshold is reached, and output (5) turns on. After the delay through delay path (64),
FF is reset because the reset input (28) is out of phase with the set signal at input (25). It brings the
combined inputs down below the threshold, and output (5) turns off. (28) continues to hold the
combined input below the threshold until the pulse termination at (5) is able to pass through delay (64),
completing the cycle. =~ |

_ M-iﬁpﬂ(ﬁ)oﬁmﬁewmﬁmﬂinpmwbebebwtheﬁtesho!d,'mmaoscﬂhﬁm
stops. It is self starting when input (25) comes on. Oscillation is also able to be gated off by turning off
the gated power source G.

ThegatedoscxllatorshownabovemF:g 20, wxllopemeusmgamlogaswellasdxgml
signals, dependmgonhowhardthedelayedfeedbacksxgmldnvesmeamphﬁet Asaresult,ltlsab!e
to produce a sine wave waveform envelope. The Square Wave Oscillator of Fig. 21 on the other hand,
lsbmarymnatmebecauseoftheﬂnpﬂopFF.Asaresnlt,xtproducesasquaxewaveformoutputSQR.

Only one modification is needed to change the square wave oscillator of Fig. 21, to perform a
one shot function. Ifthesetpnlseisgatedonﬁorashonerpeﬁodofﬁmemmgdmedehy_thmgh
the delay path (64), then the arrangement will cycle through one cycle only, and shut off.

'24. D-type Bistable Function.

Fig. 22 shows a D-type bistable arrangement using a set/reset flip flop as in Fig. 9. Beam (D)
is modulated with input binary data. A portion is directed into AND (65) and Hnverter (66). The cutput
(8) of inverter (66) is directed into AND (67). AND (65) sets flip flop FF through input (25) when it
outputs, and AND (67) resets FF, through input (28) when it is on. Enabling beam (E) is directed to
the other two inputs of AND (65) and AND (67).

Fig. 22alsohasagnphwshowhowdnsD-typebxsublefuncnonworks Initially at time
(68), (D) is off. Anychangesmﬂwmof(D)havemaﬁect.onthesmeof(FF)aslongasANDs

" . (65) and (67) are off, as shown at times (68) and (69). At time (70), enabling pulse (E) comes on,

enabling ANDs (65) and (67), and causing the state of (D) to be written into FF. At time (70), (D) is
off, which causes AND (65) to be off and inverter (66) to be on. This in turn, turns on AND (67),
because it had also been enabled by (E). AND (67) outputs a reset pulse 10 input (28) that lasts as long
as (E) is on. The state of (D) now appears at output (5) of FF. After ensbling puise (E) terminstes,
changesm(D)agmnhavenoaﬁecton(FF) _

At time (71), another enabling pulse enables ANDs (65) and (67). This time (D) is on, which
turns inverter (66) off, which keeps AND (67) off. A portion of beam (D) is now able to turn on AND
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(65), which pulses input (25), setting flip flop FF. The new staté 6f (D) now appears at output (5) of
FF. Again the enabling pulse (E) terminates before (D) changes state.

If (D) were to change state before (E) terminates, the last state of (D) will be written into FF
aslongas(D)retainsﬂlisﬁnalmlongemughformecomplewset,ormetcycleto_nbeplaee.

.25. Frequency Demultiplexer.

Fig. 23A shows the logic diagram for a frequencydennﬂuplexet A group of controllers (as in

‘Figs. 2A - 2E) are used as filters, F, through Fy. A frequency multiplexed input beam (72) is

apportioned out to the control input of each of the filters. Each power beam (73) through (76) is
provided with a different frequency of energy. The outputs (77) through (30) contain only one
ﬁeqmmyeach&uisampﬁmde-mdﬂmdwiﬁwhaevuinfmﬁmmaﬁeqmymsmdmw
thhdunngthennﬂnplexmgpmss

Fig. 23B shows a frequency demuitiplexer where all of the controllers share common
components (3), (72), and (81). However, each frequency will have a separate output location, (77)
through (80), just as the different frequencies in sunlight separate to make a rainbow. The separate
frequency power beams are able to be combined into a single input power beam (81) in order to make
the geometry of separation easier to work with; however, that is not required.
25. Time Division Demuitiplexer.

Demuitiplexers have the common quality of providing muitiple outputs from a common input.
Fig 23A is able to be used as a time division demultiplexer by using a different power beam
arrangement. _
.mmisuse.inanZ)_hgsﬁmdiﬁsimmmphxedinﬂomﬁomMis.sﬁﬂm.hpus

(73) through (76) have a sequenced series of puises, The controllers function as amplifying ANDs. As

30

35

each controller is pulsed sequentially in its turn, whatever information is on beam (72) will output into
the separate outputs (77) through (80). From that point on, further processing, such as setting a bistable
device, is able to be accomplished.

Fig. 23C shows how ANDs F, through Fy are able to share a common di location. Beam (72)
enters a complex controtier. The orientations-of each of the inputs (73) through (76) are different from
each other in order to provide different positions for the outputs (77) through (80). As the power inputs -
are sequenced, each bit frame will be picked off from beam (72) and diverted off into a different
direction to provide a separation of the outputs.

26. Time Division Multiplexer. ' y |

'Tmedivisimﬂﬂﬁphxu:mmnﬁmjpmndwseﬁﬂmvm.ﬁg.%showsmelogic
diagram of a time division multiplexer. Input beams (81) through (84) are provided with parallel
information. See graph in Fig. 24A. The power inputs (85) through (88) sequentially pulse the
controllers CR, through CRy configured as ANDs. The outputs of the controllers are directed into a
common output beam (90) at location (89). -

&npmbam(%ﬁcncmmamofpﬂmmkenseqmﬂy&omﬁedmmbm
(85) through (88). Summing of the signals does not ordinarily occur at location (89) because no two
inputs are on at the same time.
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27. Phase Locking. | ' -
Phase locking is essentially time division phase demultiplexing followed by in-phase
multiplexing. Fig. 25 is the logic diagram for a phase locking arrangement. A fluctuating phase beam

* (91) is apportioned out to the control inputs of an array of controllers configured as phase

demodulxtors.Thepowainpms(”)&mugh(%)ayemhpmﬁdedwiﬁadiﬁemphseofdonm-
level energy. The phase-fluctuating beain exists at one phase, then switches to another, and then
another. It may be random or in some pattern. At whatever phase it happens to be at any given
moment, at least one of the phase demodulators PD, through PDy will produce an output because
enough phase demodulators are provided so as 0 cover the entire range of phase fluctuations.

Once denmltiplexed, each of the controller cutputs undergoes a phase shift (96) through (99) so -
that, asmhonemmon,usenergywxllamveatlocanon(lOO)andonmmompm(lOl),havmgthe
same phase as the others.

’I'hepowermpms(92)through(95)eachhaveaeonstamphase although phase-adjusted from
omam&er.lhephsamhcomoﬂermmmmﬂsocomm,-whmomhmngbeqnpmducedhycx
within the controller. As a result, the introduction of specified phase shifts allows the remultiplexed
ompnt(lOl)tohaveanyphmpamwebuﬂdnwpmdwe Toproduoephaselochng those phase

j shlftsaresmplymadetoontputasubsumallyconstamphase

chephase-ﬂmmanngbemw,forexample,anmdehmtbatiswb:matchcdwiﬂx
another laser, energy from both lasers will exit (101) having the same phase.

If the phase fluctuating beam (91) is amplitude modulated, output (101) will likewise be -
amplitude modulsted. I, for example, phase-fluctuating beam (91) comes from an optical fiber, its
miomaummdsmbexmpmsedomabm&omaloedhsersomaumablembeptmsed
photonically. Thlsamngmntwﬂldothat.

28. Conclus:on

Thepminvenﬁonhasmadeitpossibleﬁormmywmonlogicswpsmbe
implemented using energy beams. Each of them have two interesting qualities that add to their
uniqueness. Fxrst,thcymablembemadeqmtesmll As described in the Disclosure above,

| differences occur when these processes are carried out, and devices built, at wavelength dimensions.

The more precise the optical arrangemients, dlemozeprecxseachcomxollensabletoaccomphshns
design task, whether narrow band or broadband.- : : :
Thesecondlmpommﬁmnelsthamyofmesepmcedmesmablembeawomphsmw

' comtollasthato_ccnpyeommonlouuons.Aoomplexmputbumns_ablembeopmtedonbyagroup

35

Together, these operations are able to be incorporated as pixel operations which are tiny parts of
dynamic images that are very mmch larger. By properly timing, orienting, modulating, and selecting
the individual rays, or sets of rays that make up complex images, whole computers that accomplish
light speed computing are able to be constructed in a very small space. -

The principle of frequency mmitiplexing broadband devices, interspersed with specific narrow
band devices, allows complex operations that have total control over the energy streams being used.
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Dynamic images produced this way are able to shuttle data, addresses, timing, storage, and every other
kind of information from pixel to pixel, at wavelength dimensions.

Both multipiexing and demultiplexing, whedxer&eqlmydlmonormdlmon,are
basically separating, sorting, and combining operations. By arranging an array of many controllers, in
appmpﬂmmqm,aﬁammmhelygaﬁngmhembmm,nhnydif&remmmabhw
be performed. Iheseimlude'ﬁmem&equemydivisionmﬂﬁplexmganddemnﬁpmmg.addrm
decoding, sorting and channel switching.

Optical switching, such as is used in fiberoptic networks, optical computing, the control and
manipulation of holographic and dynamic images are aiso able to be performed using the present
invention. When acoustical waves are used, various imaging processes such as sonar and sonagrams are
able to be implemented.

The pixel-by-pixel control of other images and the organization of application characteristics
allow many things to be done that were difficult or impossible in the past. These include the
manipulation of moving particle streams both large and small for industrial machining, electron
microscopes, laser cutting, andoﬂ:erpmeeswswhchreqmreenergy,ormovmgpamcles,tobe
controlled with precision.

Most importantly, these operations will become more widespread and valuable as optical
computers, including those constructed using the present invention, are constructed for the purpose of
manipulating and controlling the many input and output peripherals that are also able-to be built using
the present invention.

mmsdmmdsmmmmmebaﬁcmvmmumspemlmﬁmme It also
lays out the principles of component interconnection, and energy beam manipulation for implementing
and organizing controllers with other energy beam processes. It provides the basic means and methods
for accomplishing tasks that where previously confined to the realm of slow electronics. As a direct
result of this extensive disclosure, practically any logical organization or architecture that is common in
the electronic world is able t0 be implemented with this new cnergy beam technology, and especially in
light. This is because specific examples of a variety of logic arrangements are fully explained, showing
precisely how the components are to be interconnected to accomplish complex logical tasks.

Man has been studying light, sound, particle waves and other forms of energy for centuries.

The principle of superposition has been well understood for over 150 years, yet the conventional

methods, even the optical ones, have run into a wall of difficulty placed there by the basic physics of
the fandamental processes used to create them. '

The world of photonic computing was at an impasse. The present invention sweeps away that
wall, by using the here-to-fore overlooked special interference. The present invention establishes an
eatirely new technology. As a direct result, the present invention is expected to be the foundation of
21st-century computer science. '
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What is claimed is:
1. Ameﬂ:odofconu'onmgaplmhtyofmtgybmsetsmﬂutlastonesetofsmdplnrahtyof

energy beam sets comprising the steps of:

pmdwngaplmhtyofmputheamsetsmdndmgaﬁrstbeamsethamgaﬂeastone
input beam of energy, andasecondbeamsethmngathastonemtbenmofenergy
m&ﬂmdmﬁcomomngmfomaﬁon,whmnsaidﬁmandsecondbmmmmduecwdm
at least one first location; :

pmduangmer&mmemthsaxdplumhtyofmpmhenmsetsatsadatlmomﬁm
location, d:vemngenergypmpomonaltosaldmondbmsetfmmsmdphmhtyofmput
beam sets to at least one second location, : -

whmbyenergyfromsaxdplm‘ahtyofmputbenmsetsmabsentfromsudat

: leastoneWlwmmwhenm&umboﬁofmd.ﬁma@_mondbmm.moﬁand

when said first beam set is in phase with said second beam set, and
sepmnngmrgyﬁomsudatleastomsecondhcauonwpmdeatleastomoutput
thetebyprodxmnganenetgybumcomoller

2. The invention of claim 1 wherein:

ssid controlling information is binary information,
and inchuding, modulating said first beam set with binary information, |
thereby providing a logical AND by causing said at least one output to be on only

when said first and second beam sets are on. | |

3. The invention of claim 1 including:

maintaining said first beam set at a substantially constant above-zero level, and

switching said first beam set off during the time when amplification is to be. gated off,

thereby providing a gated amplifier by producing an amplimude modulated output
havmgmnmmtgytlnnsaxdmondbeamsethas andgaungsmdamphmdemodxﬂatedoutpnt
oﬁandonbyswmhmgwdﬁrstbamsaoffandon. '

4.‘Ihemvennonofcla1m3mchadmg

providing & plurality of said gated amplifiers;

duecnngsudamphmdemodﬂmdommnsofsmdgmedmhﬁmtoatlustone
third location;

directing energy from said third location to a common output; . _

modnlanngeachofsmdsecondbammofsmdgaedamphﬁetsmthmfomonm_
be time division multiplexed, and '

sequmaﬂvmnsonsudsmdmphﬁetsbysequmaﬂypulsmsmsmdﬂmbem
saof_achofsa:dgawdamphﬁusdlmguchsequemal-mdmmon,_ : :

thereby providing a time division multiplexer by sequentially gating digital
information from each of said second beam sets of said plurality of gated amplifiers into said -

S. The invention of claim 3 including:
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providing a plurality of said gated amplifiers;
providing a multiplexed input beam modulated with time division multiplexed
directing  portion of said nmltiplexed input beam to said second beam set of each of
5 said gated amplifiers, and o
sequentially gating on said gated amplifiers by sequentially pulsing on said first beam
set of each of said gated amplifiers during each sequential time division,
‘thereby providing a time division demmitiplexer by sequentially gating time division
multiplexed information during each time division into a separate said amplitude modulated
10 output of each of said plurality of said gated amplifiers.
6. The invention of claim 3 including:
providing at least one inverted output from said at least one first location, said
inverted output being differential to said amplitude modulated output,
thereby providing an inverter.
15 7. The invention of claim 3 including:
providing a plurality of said gated amplifiers in a cascade series;
cascading said amplitude modulated cutput of each said gated amplifier into said
second beam set of the next said gated amplifier in said cascade series, and
: providing at least one large beam, greater than said second beam set of the first said
20 amplifier in said cascade series, wherein said at least one large beam is used as said first beam
' ~ set of another said gated amplifier in said cascade series,
thereby providing control of said at least one large beam by a smaller beam by
diverting energy from said at least one large beam through said cascade series and into said
amplitude modulated output of the last said gated amplifier of said cascade series in response to
8. The invention of claim 3 including: |
modulating ‘said second beam set to a sufficiently high level so as to divert all energy
available from said first beam set into said amplitude modulated output,
thereby providing a limiter by producing an amplified output when said second beam
30 set is below saturation level, and limiting said amplitude modulated output when said second
beam set exceeds said saturation level. ' -
9. The invention of claim 3 including:
phase modulating said second beam set,
thereby providing a phase demodulator wherein said amplitude modulated output is at
. 35 " a high level when said first and second beam sets are of opposite phase, at a low level when
said first and second beam sets are in phase, and changes as the phase of said second beam set
10. The invention of claim 9 including: S
pmvidinguhastbmuiggerbumset.havingat_lhstom_bmofemrgydimwdm
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atleastomthirdloeuﬁon,andmoduhwdwithinfomﬁohwbethmsbolddmwd;

providing a threshold-controlling beam set having at least one beam of energy at a
substantially constant level directed to said at least one third location; .=

producing destructive interference with said trigger beam set and said threshold-
controlling beam set at said at least one third location when said trigger and threshold-
controlling beam sets are on, wherein the combined energy at said at least one third location is
in phase with said threshold-controlling beam set when said trigger beam set is smaller than
said threshold-controlling beam set, and out of phase with said threshold-controlling beam set
when said trigger beam set is greater than said threshold-controlling beam set, and

directing energy from said at least one third location into said second beam set of said
phase demodulator, :

therebyprovxdmgathresholddetectorbydemodtﬂaungphasechangesmsmd
combmedenergy '

11. The invention of claim 10 including:

dlrecnngafeedbackslgnalﬁomapomonofsmdamphmdemodulatedoutputmo
said at least one third location, said feedback: signal at said at least one third location being out

_ ofphasewithandsnnllertlmnsaidthmshold—oonﬂollingbumset,

thereby providing a Schmitt trigger by driving said phase demodutator to a greater
output than occurs without regenerative feedback caused by said feedback signal.

12. The invention of claim 11 including:

pmwdmgaplmhtyofsudatleastonemggubumsetsasANDmputsmodmmd
with binary information, sandANDmputshavmganenetgymm, said energy sum of said
mmmmmmwymmmammmmmng
beamsetwhcnallsmdANDmputsueonandlessthansudsubsnnmllyconstamlevelofsaxd
ﬂnesholdcomoﬂmgbumsetwhcnomofsadANDmpmsmoffandtheremmnderofsud
AND inputs are on,

merebypmwdmgamuln—mputANDbypmdumnganonompmonlywhenaﬂsald
AND inputs are on.

13. The invention of claim llmclndmg

prowdmgaplnrahtyofsudatlustonemggetbeamsetsasORmpmsmod\ﬂated
with binary information, said OR inputs having an energy sum, said energy sum of said OR
mpumbmngmmmmdmmaﬂymnmlwdofsudmmholdmmomngbmset '
when at least one of said OR inputs is on,

thmbypmwdmgamdu-mmeRbypmducmganonoutpmwhmatleastoneof
said OR inputs is on.

14. The invention of claim 3 including:

prov:dmganmvemddehyedsngnﬂbyduecnngaﬁrstpmuonofmrgyﬁommd
ampﬁmdemodulatedoutpntalongadelaypaﬂundthmugh.anmvenermns,
" directing said inverted delayed signal to said second beam set to turn said amplitude
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modulated output on and off, said second beam set remaining on during the period when said
mvemddelayedmgnahson,andoffwhensadmverwddehyeds:gmhsoff to produce
oscillation, and

svmchmgsmdﬁrstbumsetoﬂ'dmngtheumewhensudoscﬂhnonnsmbegmd
off,

thereby producing gated energy beam oscillation by successively turning said
amplitude modulated output on or off during each delay period, andganngoffsadenetgy
benmosullauonbymmngoffsmdﬁrstbeamset

- 18. ThemvennonofclmmBmcludmg

providing a phase-fluctuating beam set;

duecungapomonofsmdphase-ﬂucmanngbenmsetmmhsmdsecondbmset
of each of a plurality of said phase demodulators; - |

pmvxdmgsudﬁmtbwnsuofmhwdphasedemdﬂamrwimadiffemmma
directing said amplitude modulated output of each said phase demodulator 1o at least
omthndhmomsnchthatmrgy&omaﬂsudamphuﬂemodnhudomwmamvesatsmdm
least one third location in phase with each other, and

' duecungemrgyﬁomsmdatleastommudlocaﬁonwpmvideaphase-hckedompm,

therebyphaselochngenergyfromsudphase-ﬂucmanngbeamsetwasubsumﬂy
constantphaseomputhavmgambstamallyconsnntamphmde

16 The invention of claim 15wherem.

smdphase-ﬂucmanngbeam:samphmdeor&equencymodnlmdmthmformanonto
be extracted, thereby providing an amplitude modulated output containing said information and
having a substantially constant phase at said phase-locked output. '

17. The invention of claim 1 including:

proudmgsudﬁrstbeamsetwnhasubsnmaﬂycommabwe—mlevelhmngat
least one wavelength; :

smmhngwavelengthsofsmdaleastonewavelengthoﬁandontogateﬁltenngof
said wavelengths off and on; -
provrdmgsadmondbeamsetwuhenergyhavmgmlnplewavelengthstobe
filtered, and :

producing said interference with a subset of said multiple wavelengths matching said at
least one wavelength and rejecting all other wavelengths, - -

tlmxebypmwdmgagawdacuveﬁlterbypmducmganontpmonlyatwwelengtbs
which exist simultaneously in both said beam sets.

18. The invention of ciaim 6 wherein:

said substantially constant above-zero level has at least one wavelength,
said second beam set has mmitiple wavelength energy to be filtered, and _
said interference occurs with a subset of said multiple wavelengths matching said at
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least one wavelength diverting energy of matching wavelengths away from said at least one
first location,
thetebypmwdmgmmvemedacuveﬁluerbypmdumngsmdmvemdomputdeﬁcxem
of wavelengths which exist sinmitaneously in both said beam sets.
5 19. The invention of claim 17 including; - |
dmgafreqnmcynmluplexedbeamsethavmgaplunhtyofmodnﬂmd

PCT/US95/16455

wavelengdls _ .
pmdmgaplumhtyofsudgatedacuveﬁlm,smdﬁrstbmsetofuchofwd
gawdacuveﬁlmhawngadlﬂemmﬁeq\wmyofemrgymmmhofsmdplmhqof

10 modulated wavelengths;

duemngapomonofsmdfrequencymﬂuplexedbemsetmmsudsewndbeamset
ofeachsaldgawdacuveﬁltet,

therebyproudmga&equencydemdnpluerbyprodwngasepmwnndnlated
output &ommhsmdgatedacnveﬁlter,mawhngmhofsmddlﬁerm&eqm

15 20. The invention of claim 1:

whmmsmdﬁrstandseeondbenmsetshaveenergyofphaseswbeoompared and
mludmgumngsadmrfe:mempmdweanwtputthatlsaahxghlwelwhensmd
first and second beam sets.are of opposite phase, and at a lower level at other phase |

20 thereby providing a phase comparer.

21. The invention of claim 2 including: :
provndmgaplmahtyofsmdlogxcalANDsmacascadesenes,and
_ cascadmgsudalmonemnputofmhwdlogxchNDmosudseoondbeamset
ofmenextsaxdlogxcalANDmsudcasudesenes,

25 thereby providing a multi-input AND, wheremallofsudﬁtstbeamsetsofsad
plumhtyofsa:dlogwalANDsandsudsecond_beamse;oftheﬁ_:stsudlogxcalANDmsa:d
cascade series must be on in order to turn on said at least one output of the last said logical
AND in said cascade series. |

22. The invention of claim 2 including:
30 dirccting said at least one output of ssid logical AND into a logical NOT means,
thereby providing a logical NAND. '
23. The invention of claim 2 including:
pmvmngaﬁrstloglmlNOThavmganenergybenmompmdnectedmtomd
- first beam set of said logical AND, and - _ :
35 provxdmgamondlogmlNOl‘havmganenetgybamomputduecwdlmo
said second beam set of said logical AND, -
thereby producing a logical NOR.
24, 'I‘hemvennonofclaxmhnchxdmg -
pmdumngaﬁrstExclusnveORmputbenmsethawngatleastowbeamofenergy
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modulated with binary information directed toward at least one third location;
pmducmgaseeondExdusveOkmpntbeamsethavmgatlustombmofenergy
modulated with binary information directed toward said at least one third location;
pmdumnsdesuucuvemerfetemeatsudatlastomthndmeauonwhenmdﬁmand
5 seoondExclusweORmpmbeamsesmon,
directing energy from said at least one third location into said second beam sets of
first and second said phase demodulators, ensuring said first beam sets of said first and second
phase demodulators are of opposite phase, said amplitude modulated output of said first phase
demodulator being on when said first Exclusive OR input beam set is on by itself, and said

10 second phase demodulator being on when said second Exclusive OR input beam set is on by
itself;
_ directing energy from said first phase demodulator to provide at least one Exclusive
OR output, and '
directing energy from said second phase demodulator to said at least one Exclusive OR
15 output while providing a 180 degree phase shift 5o that the energy from said first and second

phase demodulators have matching phases at said at least one Exclusive OR output,
thereby providing an Exclusive OR, hzvmgasubsmnallycommphaseomput
25. The invention of claim 24 including:
_ ~ directing a portion of energy from said first Exclusive OR input beam set to a first
20 input of a logical AND means, and _
directing & portion of energy from said second Exclusive OR input beam set to a
second input of said logical AND means,
metebypmvxdmgabmymndderbypmudmgsudExclumWORoutpmasasum
output, andanoutpmofsaxdlogmlANDasamyomput
25 26. The invention of claim 10 including:
provndmgatleastoncmsetbeamset,d:mdwsadatleastonethndlocauonm
phase with said threshold-controlling beam set;
directing a feedback signal from a portion of said amplitude modulated output into
- said at least one third location, said feedback signal at said at least one third location being out
30 - of phase with and greater than said threshold-controlling beam set;
‘pulsing said at least one trigger beam set as a set pusc, and
pulsing said at least one reset beam set as a reset pulse, |
thereby providing a bistable function by turning said amplitude modulated output on
with said set pulse, holding said amplitade modulated output on with said feedback signal, then
35 turning said amplitude modulated output off with said reset pulse, and holding said amplitude
modulamedontputoffdnewmeabseneeofsaldfeedbackmgnﬂ E :
27. The inveation of claim 26 including: '
' provxdmgﬁrstandseeondlogxcalANDmns,
pmudmgadockbeamsethmgatleastonepulsedemrgybamofalmmngﬁm
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andseeondpulses
dmcungaﬁrscpomonofsaxdclockbenmsetmoaﬁrsunputofsadﬁrstlogxcal

AND means;

dnecnnganoutputofmdﬁrstlogmalANDmnsmprovxdesudsetpulse
duecungasecondpomonofsmdclockbenmsetmtoaﬁrstmpmofsaxdsecond

. logical AND means; .

duecunganmnpmofsudsecondloglcalANDmnnstopmdesaldmsetpulse
dxrecnngapomonofsudamphmdemodxﬂatedoutpmofsudbmblefnmnonalong

a first delay path, proudmgadelaynme,andadelayedbxsnblebumset,

duecnngaﬁrstpomonofsaxddelayedbxsnblebumsetmmaloglcalNOTmns,

dnecungmmtputofsudlogmalNOTmnstoasecondmpmofsadﬁrstlogml
AND means, and _

duecnngasecondpomonofsuddehyedmsmblebeamsetmoasecondmpmofmd
second logical AND means, _

therebyproudmgaclockedblsnbleﬁmcuonbysemngsudblsmbleﬁ:muonusng
said first pulses that pass through said first logical AND means, when said second input of said
ﬁmlogncal_ANDmunslshgldonbysmdlogmlNO’I'__nyns_mthe:absenceofsuddelayed
bistable beam set aind said first pulses are prevented from passing through said second logical
AND means by the absence of said delayed bistable beam set, and thep resetting said bistable
function by using said second pulses that pass through said second logical AND means when
said second input of said second logical AND means is held on by said delayed bistable beam
set and said second pulses are prevented from passing through sid first logical AND means by
the presence of said delayed bistable beam set which is inverted by said logical NOT means to
hold said first logical AND means off.

25 28. The invention of claim 27 including:

30

s

providing a binary input beam set having pulses longer than said delay time;

directing a portion of said binary input beam set 10 at least one fourth location;

dxrecnngamtherpomonofsmdbmarympmbenmsetalongaseeonddehypathand
then to said at least one fourth location as a delayed beam set;

producing destructive interference using said binary input beam set and said delayed
beam set at said at least one fourth location when both said beam sets are on;

‘sepmﬁngenergyﬁomsaidatlastomﬁomhlouﬁonmpmvidediﬁemnﬁawd
dlrecungsuddlfferematedpulwsmpmdesudclockbeamsetofsadclocked
bistable function,

' therebypmudmgab:mryﬂgnommrwhchfacﬂmmgsudhmrympmbm
pulseshngerthmwddehynmewdmksmddmkedhmblefmumbydtffemungsmd
bmarympmbeamsumpmdwealudmgpulsehmngaconmﬂselength,mdamhng
pulse having a constant puise length, wherein said leading pulse is out of phase with said



wosumet — |NINMININIIN remsrss
. . ® c L M $ * ) .

S

69
trailing pulse, and at Ieast one of which said clocked bistable function responds to.

29. The invention of claim 28 including:

provndmgaplmhtyofsudbmarydnguconmmmamsmdesenes,

directing said amplitade modulated output of each said bipary digit counter to provide
said binary input beam set of the next said binary digit counter in said cascade series, and

providing said binary input beam set of the first of said binary digit counters in said
cascade series, with pulses to be counted,

therebyprowdmgablmrywnmerbyconnecungaplmhtyofsmdbmarydlgn
counters in a cascade series that produce binary outputs representing pulse count.

10 30. The invention of claim 26 including:

15

holding said set pulse on during the time when square wave oscillation is to take
place, and holding said set pulse off when said square wave oscillation is to be gated off;

d:reonngapomonofsmdamphmdemndxﬂaxedompmdongadelayMwhchhasa
delay period to provide a delayed bistable signal, and

directing said delayed bistable signal to provide said reset puises, saidresetpulsos
being larger than the sum of said set pulse and said feedback signal,

thereby providing a gated square wave energy beam oscillator by repeatedly turning
said bistable function on or off at least once for each said delay period, and gating oscillation
off by turning said set pulse off.

20 31. The invention of claim 26 including:

35

providing first and second logical AND means; -
providing a data beam set having at least one beam of energy modulated with binary
information; :
tovxdmganembhngbumsethavmgatlustonebenmofenergymodulatedwuh
data storage enabling information;
dlrecungaﬁrstpomonofsnddmbmsetmoaﬁrstmpmofsadﬁrstlogxcal
AND means;
duecnngasecondpomonofsamddatabeamsetmoalogmlNOTmms,
MmmoutpmofsmdlogxcalNOTmmsmaﬁmmputofmdsewndlogical .
AND means;
dnecnngaﬁrstpomonofmdenabhngbeamsetmtoasecondmputofsudﬁm
logical AND means, and a second portion of said enabling beam set into a second input of said
second logical AND means; :
mrecunganoutpmofsudﬁrstloglcalANDmnsmpmdesaxdsetp\ﬂse,
directing an output of said second logical AND means to provide said reset pulse,
'&mbyprovidingab—typebisublefnmﬁonbysetﬁngmreqetﬁngs;idhimbh

fanction depending upon the state of said data beam set during the time when said enabling

beam set is on.

32. The invention of claim 26 including:
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dlrecnngapommofsa:damphmdemod\ﬂawdontputﬂongadehypaﬂ:wpmudea
deiay period and a delayed-feedback beam set, and
dlrecungsnddehyedfeedbackbumsetmprowdesaldresetptnse
thmbypmdmgaom—shotﬁmcnonwhemnwdampbmdemodulawdomputis
pulsed on by said set pulse, held on during said delay period by said feedback signal, and then
turned off afier said delay period by said delayed-feedback beam set.
33. Ammodof_comﬂmgomsetofbamsofemgywiﬁmmctsaofbnmofmrgycompﬁsing
the steps of:

WO 96/18964

producing a first beam set having at least one first input beam of energy directed
toward at least one first location; '
producmgaseeondbeamsethavmgatlenstoneseeondmpmbeamofenergy
modulated with controlling information; _
pro&wmgmmﬂeremebaweensaidﬁrstmdsecoﬁdbmsgsasaidalmomﬁm
_locatiqnwhenbothsaidbeamsetsareon,divetﬁngemgy&_ombothsaidbeqmsetstoatlust
one second location in proportion to said second beam set,
' * whereby energy from said first beam set is absent from said at least one
“second location when said second beam set is off or in phase with said first beam set and is
present at said at least one second location when said second beam set is on and out of phase
with said first beam set, and '
sepmungemrgyﬂomsmdatleastomseoondlocauonwprowdealeastoncompm,
thereby producing an energy beam controller.
34. Anenergybeamconuoﬂerﬁwroomoﬂmgaplmahtyofemgybemmmthatleastoneofsald
plurality of energy beam sets comprising: -
an:magecomponemsepanmrhmngaﬁrstlocanonandasecondlocanonandan
outputforomputnngenergyﬁomsa:dmndlomon,md _
aplunhtyofmpntbeamsetsmclnd:ngaﬁrs;bmseunda_seeondbeamset
positioned and oriented so as to produce interfierence at said first location and to divert energy.
proportional to said second beam set to said second location when said first and second beam
thereby controlling said output by outputting energy proportional to said second beam
35. The iivention of claim 34 wherein said first and second beam sets are modulated with digital
| thereby providing a logical AND.
36. mmvmmofcmuwhummdmrgybamwmonermagawdamphﬁuwhensudﬁm
bmsuwmmmdaambmmﬂymmmﬁw&mlwd.whmo&ﬂasubmﬂymnm
at-or near-zero level when off. '
37. The invention of claim 36 inchuding:
| a common output, and
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a plurality of said gated amplifiers, said outputs of said gated amplifiers being directed
to said common output, so that sequentially turning on said gated amplifiers by sequentially
pulsing on said first beam set of each of said gated amplifiers during each of a series of
sequennalnmedwmonsptodueesanmcdwmonnnﬂnplexet

5 38. The invention of claim 36, including:

10

15

a plurality of said gated amplifiers; _

acommnmformepungamﬂnpluedmpmbmwuhumedwmon—
multiplexed information, and

ﬁrstduecungmnsforduecnngapomonofsadmﬂuplexedmp\ubeamtosmd
second beam set of each of said gated amplifiers, .

wherein sequentially gating on said gated amplifiers by sequentially pulsing on said
first beam set of each of said gated amplifiers, during successive sequential time divisions,
sequentially gates time division-muitiplexed information into separate said outputs to produce a
time division demultiplexer.

39. Themvemonofclmm%mclndmg

anmvenedoutpmmnsforpmwdmganompntfmmsmdﬁmlocauon.
thereby providing an inverter.

40. The invention of claim 36, including:

aplunhtyofsudgmdamphﬁersmamdesenes

20 41. The invention of claim 36 wherein:

35

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 output, thus establishing a saturation
thereby limiting said output when said second beam set exceeds said saturation level.

42. The invention of claim 36 wherein: -

said second beam set is phase-modulated, _
thereby providing a phase demodulator wherein said output is at a high level when

.saidﬁmtandseoqndbeamsesueof.opposiwpbaseand_aahwlevdwhensddﬁrstand

secondbeamsesueinphase,mdwhichchmges'asmcphseofsaidsewﬂbumset
changes. '

43, 'l'hemvennonofclmmﬂmclndmg'

amggetbumsetmoduhwdmﬂlmformanonwbeﬂlmhold-detectedmda
threshold-controlling beam set at a substantially constant level, satdmggerbamsetandsmd
threshold-controlling beam set both being positioned and oriented so as to produce destructive
Mmaalustowthirdbuﬁmwhennidﬁmshohmningﬁmsumdsﬁd
trigger beam sets are both on, the combined energy at said at least one third location being in
phase with said threshold-controlling beam set when said trigger beam set is smaller than said
threshold-controlling beam set and out of phase with said threshold-controlling beam set when
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saldmggetbeamseusmthansudtmeshold-cmmnmgbumset,md
ﬁrstdmcnngmnsforduecungenergy&omsudalemomﬂmdlocanonmsud

second beam set of said phase demodulator, :
thztebypmdmgathresbolddehﬂorhydemod\ﬂmgphaseclnngesmsmd

5 combined energy. -

44. The invention of claim 43 including:
feedback means for directing a portion of said output into said at least one third
locatio as a feedback signal, said feedback means ensaring that said feedback signal at said at
least one third location is smaller than said threshold-controiling beam set and in phase with

10 said trigger beam set, resulting in regenerative feedback, and a greater said output when said

combined energy reaches threshold,
thereby providing a schmitt trigger.
45 The invention of claim 43 including: '
aplunhtyofsudmggerbenmsetstobeusedasANDmputs mochﬂatedthhbmary

15 information, threshold being reached only when all said AND inputs are on,

" thereby providing a multi-input AND,
46. The invention of claim 43 including: .
a plurality of said trigger beam sets to be used as OR inputs, modulated with binary
information, threshold being reached when at least one of said OR inputs is on,
20 ' thereby providing a multi-input OR.
47. The invention of claim 36 including:
an inverter means; :
2 delay means directing a first portion of energy from said output along a delay path
to said inverter means to produce an inverted delayed signal, and _

25 directing means for directing said inverted delayed signal to said second beam set to
turn said output on and off, said second beam set remaining on when said inverted delayed
signal is on, and off when said inverted delayed signal is off; to produce oscillation during the
time when said first beam set is on, and disabling oscillation when said first beam set is off,

thereby producing a gated energy beam oscillator.

30 48 The invention of claim 42 including:

first directing means for directing a portion of a phase-fluctuating beam set into each
said second beam set of each of a plurality of said phase demodulators; '

phamngforpmudmgsaxdﬁ:stbmsetofachofsmdphasedemodtﬂators
with a different phase of energy;

35 . mommrecnngfordimﬁngsaidommofmhsaidphaSedemodulmtoat
leastomﬁudhmmsomnenergyﬁomansmdoutputsammasaduleastomdurd

" location in phase, and
thuddnecnngmunsfordnecnngenetgyﬁomsudatlustonethndlocanonto
provide a phase-locked output, . '
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thereby providing a phase-locking device for phase-locking energy from said phase-
fluctuating beam set to a substantially constant phase output having a substantially constant
amplituade. | -
49. The invention of claim 48 wherein: , _
5 said phase-fluctuating beam set is amplitude- or frequency-modulated with information
' to be extracted, thaebyptavxdmganamphﬂnde—modtﬂawdompmmgwdmformmon
andhavmgasubstannallyconsuntphaseatsudphase—lockedouqm
50. The invention of claim 36 wherein:
said first beam set has at least one wavelength, and ,
10 saidsecondbeamsethasmnlﬁplewavelengthswbeﬁlmdsoasmpmdwesaid'
lmerfetememmasubsetofsmdmnnplewwelengmsmmngsudaleastomwavehngm
and rejecting other wavelengths,
thereby providing a gated active filter by producing an cutput only at wavelengths
whwhexzstsnmntaneouslymbothsudbeamsets
15 51. The invention of claim 39 wherein:
said first beam set has at least one wavelength;
said second beam set has mmitiple wavelength energy to be filtered, and
said interference occurs with a subset of said multiple wavelengths matching said at
lmomwmlmgm,divaﬁngémrgyofmmhingwwelengmsmyﬁomsaidalmtom
20 ﬁrstlounon,
thetebypmwdmgmmvemdacnveﬁlterbypmducmgmmvenedompmdeﬁcwmof
wavelengths which exist simultaneously in both said beam sets.
52. The invention of claim 50 including: :
. aﬁequency-mnlupluedbeamsethmngaplunhtyofmodﬂatedwavelengths
25 a plurality of said gated active filters, cach of said gated active filters having its said
ﬁrstbeamsetofawweleng&whchmmhesuleastoneofmdplmahtyofmoduhwd
wavelengths,
duecungmforduecnngapomonofsnd&equencymnluplexedheamsetmo '
said second beam set of each of said gated active filters,
30 ' thereby providing a frequency denmiltiplexer by producing a separate modulated output
from each said of gated active filters, matching each of said different frequencies.
- 53. 'Ihemvennonofclmm%whaun. ' :
said first and second beam sets have energy of phases to be compared, and
mdmmfuemepmdueeswdoutpmthatmaahghlwelwhensudﬁrstandseoond
35 beam sets are of opposite phase, andatalowerlevelwhensudﬁrstandsecondbumsetsate
at other phase differences,
thereby providing phase comparer.
54. The invention of claim 35 including: - :
a plurality of said logical ANDs in a cascade serics, wherein said output of each said
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logical AND is fed into said second beam set of the next said logical AND in said cascade
thereby providing a multi-input AND wherein all of said first beam sets of said
plurality of said logical ANDs and said second beam set of the first said logical AND in said
cascade series must be on in order to turn on said output of the last said logical AND in said
-cascade series. |

55. Themvemwofclmmﬁmlu&ngmmngmmformmngsmdompmofsmdhgmdAND
moalogxcalNOI‘means,

thereby providing a logical NAND.

10 56. The invention of claim 35 including:

15

35

‘a first logical NOT means having an energy beam output directed into said first beam
set of said logical AND, and | |

a second logical NOT means having an energy beam output directed into said second
beam set of said logical AND,

thereby producing a logical NOR.

57. The invention of claim 42 including:

_ aﬁtstExcluaveORlnpmbeamsetmodtﬂmdwxmbnmymformuonduecwd

towardatleastonedmdlouuon,

asecondExclumveORmubeamsetmodulawdmthbmarymﬁomauondmcted
mudsadalenstomthndhmuonsoasmpmdwedemouvemfexmeasadumst
one third location when said first and second Exclusive OR input beam sets are both om;

first directing means for directing energy from said at least one third location into ssid
second beam sets of first and second said phase demodulators, ensuring that said first beam sets
of said first and second phase demodulators are of opposite phase, said output of said first
phase demodulator being on when said first Exclusive OR input beam set is on by itself, and
said output of said second phase demodulator being on when said second Exclusive OR input
beam set is on by itself:

seeondduecungmansfordnecnngenergyﬁomsmdﬁtstphsedemodlmwrw
ptowdeatleastonel’:‘xclusweORoutpm,md

thudduecnngmnmforduecnngenergy&omsmdseeondphasedemoduhmrmsud
at least one Exclusive OR output while providing a 180-degree phase shift so that the energy
from said first and second phase demodulators has matching phases at said at least one
Exclusive OR output, .

thetcbypmv:&nganExclusweORhwmgasubsmmnycommmseompm

58. Themvennonofclmmﬂmdudmg

fomhdxmcungmeansforduecnngapomonofenergy&omsmdﬁrstﬁxclusweOR
input beam set to a first input of a logical AND, and _

ﬁﬂhdmcnngmnsfordnecungapomonofenergy&omsudsecondeclusweOR
mpmbenmsettoaseeondmpmofsudlogmlAND
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thereby providing a binary half-sdder by providing said Exclusive OR output as 3 sum
output and an output of said logical AND as a carry output.

59. The invention of claim 43 including:

amsubmset,duecmdtomdalemomﬂmdlocanonmphasewuhmd
threshold-controlling beam set, and :

seeonddnmngmnsfordnecunsaﬁeedbackslgnﬂﬁomapomonofsmdmuput
into said at least one third location, said feedback signal at said at least one third location being
out of phase with and greater than said threshold-controlling beam set,

thereby providing a bistable device by turning said output on when said trigger beam
set is pulsed with a set pulse, holding said output on with said feedback signal, then turning
said output off when said at least one reset beam set is pulsed with a reset pulse, and holding
said output off when said feedback signal is absent.

60. The invention of claim 59 including:

first and second logical ANDs;

aclockbeamsethawngaltermungﬁmandsecondpﬂses,

third directing means for directing a first portion of said clock beam set into a first
input of said first logical AND;

fommngmnsfordimﬁngmoumutofsaidﬁrsuogimmmpmide
said set pulse;

ﬁﬁhduecungmunsforduecnngaseeondpomonofmdclockbmsetmoaﬁrst
input of said second logical AND;

sixth directing means for directing an output of said second logical AND to provide

a first delay path providing a first delay time;

seventh directing means for directing a portion of said output of said bistable device
along said first delay path, providing a delayed bistable beam set;

eighth directing means for directing a first portion of said delayed bistable beam set
imoalogicalNOl‘m_uns;

 ninth directing means for directing an output of said logical NOT means to a second
mputofsa:dﬁrstlogmalAND and

tcnﬁduecungmeansfordxmngasecondpomonofsuddehyedbmblebmset
into a second input of said second logical AND,

thereby providing a clocked 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
AND is held on by said logical NOT means in the absence of said delayed bistable beam set
and said first pulses are prevented from passing through said second logical AND by the
absence of said delayed bistable beam set, and then resetting said bistable device by using said
second pulses that pass through said second logical AND when said second input of said

second logical AND is held on by said delayed bistable beam set and said second pulses are
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prevented from passing through said first logical AND by the presence of said delayed bistable
beamsetwhtchxsmvertedbysaldlogxcalNOTmeamtoholdsudﬁrstlogwalANDoft'
61. The invention of claim 60 including: :
abmarymbeamset-havingpnlmlomgerthan‘sﬁdﬁtst&layﬁm~
eleventhdnecnngmennsfordnecungapomonofsudblmympmbeamsawat
jeast one fourth location;

a second delay path providing a second delay time;

twelfth directing means for directing another portion of said binary input beam set
along said second delay path and then to said at least one fourth location as a delayed beam set
50 2s to produce destructive interference with said binary input beam set and said delayed beam
set at said at least one fourth location when both said beam sets are on;

anmgeoomponemsepammrfotsepamngenergyﬂomsudatleastonefourm
location to provide differentiated puises, and :

mmnmmmmformsmddxﬁemmmmmsmdmk
beam set of said clocked bistable device, -

mmammg:mwm-mmﬁmmm'
pulsslongaﬁmsmdﬁmdehyumemcbcksmdcbckedhsabhdwmbydiffemnmg
said binary input beam set to produce a leading pulse having a constani pulse length, and a
trailing pulse having a constant pulse length, said leading pulse being out of phase with said
trailing pulse, so that said clocked bistable device is able to respond to at least one of said

62. The invention of claim 61 including: _

a plurality of said binary digit counters in a cascade series, said binary input beam set
of the first of said binary digit counters in said cascade series having pulses to be counted, and
fourteenth directing means for directing said output of each of said binary digit
counters into said binary input beam set of the next said binary digit counter in said cascade
thereby providing a binary counter by connecting a plurality of said binary digit
coumetsmaeasudeseneswmchpmdtmbxmryontpmnepmemngpulsem '

63. The invention of claim 59 inchuding:
an enabling beam st which holds said set pulse on when square wave oscillation is to

take place, smdsetpulsebmngo&whensudembhngbeamsalsoff'

" a delay path which has a delay period; =

thnrddlrecungmnsforduecnngapomonofsmdompmalongsmddehypathto

prowdeadelayedblstablesxgmland : : :
' fourth directing means for directing said delayed bistable signal 0 said reset beam set
toprovndesudxesetpulses sudresetpulsesbemghrgermanthemofsudsetp\ﬂseand
said feedback signal, - -

- wmawsqmmwbummﬂmbymwwm
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said bistable device on or off at least once for each said délay period, and gating oscillation off
by turning said set pulse off.
64. The invention of claim 59 including:
first and second logical ANDs; |
5 a data beam set having at least one beam of encrgy modulated with binary
an enabling beam set having at least one beam of energy modulated with data storage
enabhngmformauon.
ﬂurddxmngmnsﬁ)rdnecnngaﬁtstpomonofsmddambeamsetmtoaﬁrst
10 input of said first logical AND;
fourth directing means for directing a second portion of said data beam set into a
logical NOT means; |

fifth directing means for directing an output of said logical NOT means to a first input
: of said second logical AND;

15 slxthduecnngmeansforduecnngaﬁrstpomonofsaldembhngbeamsetmwa
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 directing means for directing an output of said first logical AND to said
trigger beam set to provide said set pulse, and

20 cighth directing means for directing an output of said second logical AND to said reset
beam set to provide said reset pulse,

thembypmdmgaquebxsubledewcebysemngormemngsmdblstabledevme
depending upon the state of said data beam set during the time when said enabling beam set is
on '

25 65. The invention of claim 59 including:

a delay path;

dmddmcnngmnsfordlrecnngapomonofsmdomputalongsuddehypathto
pmwdeadelaypenodam!adehyed—feedbackbeamset,and

fomﬂxdmcungnnamfordmcungmddehyed—ﬁeedbackhmsuwmdmetbm

30 set to provide said reset pulse,

dmebypmv:dmgaom—sh&devwewhaunsmdomumpulsedmbysmdsetpﬂse
held on during said delay period by said feedback signal, and then turned off after said delay
period by said delayed-feedback beam set.
66. An energy beam controller comprising:
35 _ a first beam set directed toward at least one first location, and .
a second beam set modulated with controlling information and directed toward said at
Mamﬁmm&mmmwmmwwmsﬁdﬁmandmbmma
said at least one first location when both said beam sets are on, diverting energy from both
said beam sets to at least one second location in proportion to said second beam set, energy
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beam set is off or in phase with said first beam set and being present at said at least one second
location when said second beam set is on and out of phase with said first beam set, and

anmagecomponemsepmtorforsepmnngmrgyfromsmdatleastonesecond
5 locanonmptowdeatleastomoutput : '
thetebycontrollmgsaldatleastoneoutputusmgsudsecondbeamset
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