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FREQUENCY-MULTIPLEXED LOGIC, AMPLIFICATION, AND ENERGY BEAM CONTROL USING
INTERFERENCE

TECHNICAL FIELD
' lheprwemmvemonmlatesmopncdeompmersandwﬂwﬁequemymﬂnplmngof
photomctrans:storfnncuonssuchasamphﬁmon, Boolean logic, and control energy beam signals.

'BACKGROUND ART

The applicant's U.S. patent no. 5,093,802 contains the background art for the present
invention. It uses interference between modulated and unmodulated input beams of wave-type energy.
Theﬁmcnomuedeﬁmdmwrmsofmmumwmddesmmvemtfmmeoompommgmmaa
ﬁ:mgeoomponemsepmtor such as a mask, whlchlsusedwsepmteenergyﬁomatleastone
eonmommmgmnmpmdealmomompm.mmﬁemmpmdnoedmeenmpmbmof
wmmapableofpmmmmﬁmawmevaﬁmmsdmﬁbed.

Thatpatentprovides'severalﬁmtions,imhuﬁngatwo-inputOR,anEXCLU'SIVEOR,an.
inverter, and an amplifier, and various bistable devices, all having outputs which are waveforms
superimposed on single-frequency carrier waves. Absent from the prior art are any means or method for
frequency multiplexing or the simmiltancous operation of multiple independent functions using multiple-
carrier wave frequencies within a single device.

At the time of the writing of U.S. patent no. 5,093,802, uwasmeogmzedthatsuchdevmes
were not limited to one certain wavelength, as indicated by the following from col. 11 line 14 of U.S.
Patent 5,093,802:

" *Since the ability to separate component regions of an interference fringe, as

required by the present invention, is not limited by the wavelength of the wave-type

energy used, the operational wavelengths are able to be selected from the visual range

of the electro-magnetic spectram. Then a group of multiple outputs such as (104) are

able to function as a direct visual display output. By using multiple wavelengths,

simﬂnnémmljorinupidsuccessiomﬂlemﬂﬁpleontpmsmablemfumﬁonasa-=

full color visual display.” . '

While a group of devices designed 1o operate at more than one wavelength, as with the red,
blue, and green wavelengths needed to produce a full-color display, would require "mmitiple outputs”
and thus multiple components, the idea and mechanism for accomplishing simmitaneous frequency-
mulﬁplmdopmﬁonwiminasingledevieewasmymppmm Later, after having discovered the
formplemnungﬂequmymnluplmng the applicant also recognized the advantages of
frequencynmlnplexms
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DISCLOSURE OF THE INVENTION

mpmemmvenﬁmwmpdsgsamsammforpmﬁding&eqmy-mﬂﬁplued
functions inchuding logic, amplification, and encrgy beam control. A common set of optics produces
sinmltaneous, independent functions on independent frequency channels within a single device.
Individual channels of the frequency-multiplexed output contain the results of individual functions
performed on the channels individually. SR
Inpmbeamsmmmnmduﬁeqmmyemtgywhemnmdmduﬂﬂeqmychmlsfnmnonas
M@Mmm@mmmmymmMWMBmumm
thzmvemon.mmmnonhasaphmhtyofmchﬁeqnencynnﬂuplexedmpms Imerfetencels
pmdnwdsmﬂmdymngﬂof&empmswhchpm&msammﬁmmemmrmh
camerwave&equencychanmlesecommonopucsmusedmpmmmfereme all of the
imgeswndwwuhpmhoﬁe:in&eamegemﬂm,dﬁmghm&eqnemynpamﬁmm
' Wh:ledwovuhppmgmgescanbecalledaeompoawmage thefactxsthatamodulauon
chmgemamghchmlpmﬁmachmgemoﬂyﬁamerfemmemgewhchhasbempmdmed
byemrgyofﬁupuncﬂumlmzﬁ-_momamgspmqwdbyemgyﬁmmm_cmmk
are unaffected. : |
Anmgecomponemsepmor suchasannsk,permsenctgywpassdmughmtotheompm
&ommormelmﬁam&mwﬁuﬂybmxofﬁeumhqumthemﬂvﬂnﬂ
mages.Asammhofweﬂapmng,thewqmmnkenﬁomﬁenﬂmduﬂmges&ommesesm
locations at the same time, The function performed using energy from each individual channel depends
upon the modulation characteristics of the input beams for that chanmel, the shape of the interference
image for that channel, and locations within that image from which energy is being taken. These
parametets can be engineered into 3 particular device by the proper selection and orientation of optical
clements, and by the selection of modulation patterns and phases of the individual channels. |
As a result, the present inveation can provide the logical AND for oo channel, the logical OR
for another, mamphﬁzrﬁorathud.andsoon,depaﬂmsuponthemdmdnﬂpmmformh
channel as they relate to the common optics being used.
When common optics are used, theontpm:salso&eqwncynnﬂuplexed and it contains the
rmﬂlsmﬂnnachchmeloftheﬁmuonperﬁomedmdmdmﬂymthmmemvmm
qunemymlnplexedhgnchasdwadvmgeofmdumngthemmberofopmdwmpom
needed for controlling many signals. For example, thcmdmdmlbnsofaeomplewﬁeqmy _
mulnplexedwordunbegmdonandoﬁ individually or as a group, bycomollmgthcmputs:gmls
to a single device. ‘
Ihepresemmvemoncanbeaoeomphshedmganywave-typeenergymnprodum
inierﬁaeme,nmlmgmmalwwes.mwmgpmclewwes,mdelecmmcwm.
Multipiexing acoustical waves and particle waves is, however, more difficult than with electromagnetic

" waves because the wavelengths involved function at different velocities. Nevertheless, the present
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invention will operate using these other energy types. Thus, these other energy types can be used to
provide image sensing and multiple-speed electron manipulation using interference. For the sake of
consistency and understanding, optical terminology will be used herein.

Holograms produce interference images from muitiple beams or sets of beams. Since holograms
and, in particular, computer-generated holograms, are a convenient way of implementing the present
invention, inputs to the invention are next described as being sets of beams that are modulated together
as if they were a single beam. This is done because many rays or beams combine to produce a
holographic interference image or fringe. Groups or sets of input beams then function in unison to
produce various interference image patterns that determine the outputs.

Holommsdmhwetheabﬂtymprodueewuhppmgmgesthamﬁequemymmpemmd
so that the overlapping positions of the individual channel images can be located as needed to match a
certain image component separator. Computer-generated holograms can also be used to produce the
image component separators. This allows the holographic designer to produce complex optical
amngenrnsformepresemmvmﬁmmamabhmpm@cemengiwedhmfam-prodwm
opucmﬁammhngeugmemdmagemmpommsepmmrsomatheopucscanbemgxmeredw

provide specific functions on specific channels.
Them&wduﬂmrﬁmm&basedﬁmcnom&atmmﬁmﬁwduﬂﬁeqmychmelsm

described in U.S. Patent 5,093,802, which describes certain interference-based functions using single
frequency images ("fringes"), and U.S. application mumber 08/357,460, filed December 16, 1994, of

which this application is a continuation-in-part, which describes the use of "Special Interference.” The
operation of these individual functions is explained briefly below. '

Interference is produced by superposition of monochromatic (or quasi-monochromatic) energy.
Interference redistributes the energy from the input beams into an interference image, or fringe, made
of areas where destructive interference (DI) and constructive interference (CI) occurs. When 2 portion
of the interference image is separated into an output, the output waveform depends on the location(s)
within the image from which the output is taken, and on the modulated waveforms of the input beams.
As various instantaneous combinations of the input beams occurs due to modulation of one or more of
the input beams, the cutput amplitude from any one location is the instantaneous vector sum of the
encrgy from the interfering input beams. If the output is taken from many locations, the ouput will be
a combination of the signals taken from each location within the image.

When DI occurs at a certain location within the image during a designated state or relationship
of input beam modulation patterns, that location can then be called a "DI location,” even though over
time many combinations of DI, CI, and other energy combinations occur at that same location. The
same is true of "CI locations.” Such designations provide a convenient reference between the
mmmmmdmmmmmmmmmmmm:m
outputting energy from that particular location.

WhenenergyfromaDIlocanonprowdestheompmandmemputbeamsareb:mry
modulated, the output follows the Boolean Exclusive OR function with the addition of a phase-
modulated component. If one beam is held on, the NOT function is produced. If the other input beam
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is analog-modulated, the output has an inverted waveform. If energy is separated from a CI location
and one beam is held on, the output is an amplified signal having more modulated enctgy than the
amount of encrgy in the modulated input. If both inputs are binary-modulated, the OR function is
produced. Smmgyﬁomoﬁupmesmmmemgepmdnmothucommmomofompm
waveformhavmgvanousphasemodﬂanonchuacmsms o

The present invention is an improvement over U.S. patent 10. 5093802 which uses Young's |
type interference, in that now multiple independent, frequency-mmuitiplexed functions can be
aocomphshedmmﬂnmmﬂymﬁmamgledemen&erthmnqmmgnpmwdcmesformh

frequency as before. : : : :
Spemlmfemweaddsamthermpormmgeofmerﬁm—hsedﬁmcuommcanmw

‘be incorporated into the present invention for frequency-mmitiplexed operation.

~ Young's type interference includes any type of interference that produces energy relationships
in jts interference image components similar to those of the classical double slit experiment, regardless
of what type of interferometer is used to produce them. These mathematical relationships for Young's
typemerﬁezemeuedeﬁmdmﬂnfoﬂowmgbaswd;scmmofspecmlmfemme taken from
application no. 08/357,460:
"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
mbecalmﬂamedmngmadapmonofthcmndardvmmofamphmdesmedmd
used with other interference phenomena.

The basic fornmla for intensity has been derived from the law of cosines and
considers just two incoming rays.

That formula is:

A = amplitude of the first beam.

B = amplitude of the second beam.

Theta= phase difference between the two beams..

Intensity = I = A? + B? +2AB Cos(Theta) |
The Total amplitude T,; = square root of I, just as A?> = the intensity of amplitude A.

At the center of the constructive interference (CI) area, Theta = 0, and the
Cos(Theta)=+1. At the center of the destructive interference (DI) area; Theta = 180
degrees, and the Cos(Theta)=-1. As a result, the vector sum of two amplitudes at
these two locations is also the algebraic sum of the amplitudes. o
The two rays are in phase in the CI area, so the sum has that same phase. As

_a'result,ﬂleCIimensityformnlais,Id-A’ + B? +2AB = (A + By
In the DI area: o

_ 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.
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If they are equal, the algebraic sum is zero. The DI formmla for intensity becomes:
I = A? + B2 -2AB = (A - By '

These two conditions are also able to be viewed as the vector sums of three
different rays, which will be labeled By, B,, and U. In the DI area, B'= -B; = B;, so0
that U is the difference betweeni A and B, and A = B+U

When A is on by itself, theamphmdeatlocanonl:sthevectormmof&
and U. The intensity is (B, + UP. :

' When beam B, comes on it combines with the first two. Since it is 180
degrees out of phase 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,=Tg=B +U-B,=U

L =Ig=(B +U-B)f =12
also, by substitution we get:

L = Ig =~ A’ + B* -2AB = (B+U) + B? 2B(B+V)
' = B? + 2BU + U? + B* -2B* 2BU
- 2

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

This indicates that the sddition of an out-of-phase beam smaller than the first
beam leaves energy having an amplitude equal to the difference of the two. Ifitis
viewed as the sum of three beams, two of which are equal in amplitade but of

~ opposite sign, dwthudbum:sequaltotheamphmdeofﬂleenergyremmmngattms

locnuomafmallthxeehavebeensnmed.

The process of interference relocates energy within a fringe image. The
equivalent amount of energy that is missing from the DI areas appears in the CI areas.
As shown above, when two unequal 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 has not been relocated;
it continues to arrive at the DI location. As a result, this remaining energy is able to
be called “undiverted' energy, because it has not been diverted into the CI areas by the
interference.

As a result, ope is able to describe the energy which is apparently missing
from the DI area as “diverted' energy.

In Young's CI area:

Intheeaseonomgstypemerimwe meamphtndeofenergyamvmgata
second location, namely the CI arca, when only one beam is on is A. A is able to be
considered as the sum of two amplitudes B, and U.

Amwnenbamn,mon,ueommmwimmcﬁmm.minsin
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phase with B, and U, B = B, = B,, and the totals of amplitude and intensity are as

shown in formulse 2. | -

Formmilae 2, Young's interference type in either amplification or sataration:
T,=Ty=B+U+B,=2B+U . :
L=Iy=(B +U+B)y=(02B+Uy 5

also, by substitution we get:

2 =1, = A2 + B* +2AB = (B+Uy + B2 +2B(B+U)

= B2 + 2BU + U2 + B? +2B* +2BU
. = 4B? 4+ 4BU + 2
= (2B + Uy

Ihlslsalsoexacﬂywhatlsexpemdbecauseﬂwmphmdesaddalgebmcaﬂy.
and the intensity is the square of the amplitude.

Induscase,Yonngstypemmerfemmehasenergydnmmdtoth:sCIlocauon
whenonlyonebeamnson.lusabletobevwwedashavmgtwocoqponems. When
the second beam comes on, energy from the DI area is diverted into the CI ar¢a. As
shown above, theamumaddedwtheCqubymrfememﬂyequalsdw |
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.

In both the CI case and the DI case, U remains unchanged. It has been called
“undiverted' energy. Apparently, it remains unaffected by the interference that is
taking place between B, and B,, even in the CT area.

~ If B rises to become equal with A, U drops to zero at both places. The
resulting interference image goes completely dark at the DI location, and the intensity
at the CI location goes to 4A2 = 4B%. All of the energy contributes to the interference
When A and B are not equal, the image formed is able to be viewed as being
the sum of two images. One image is the interference image formed by portions B,
and B, in the familiar interference fringe pattern. The other image is a consistent spot,
havmgnoeomstchmgefmmonepmmamtherusmphmdeeqnﬂsU andns
intensity is U2, _ .

" Asaresult, U, thediﬁumebetweentwonnequalbums can rightly be
called “undiverted,' foruamvesatﬂ:esamelounonsandmtheamepam_aswhen
B; and B, are off. | _

B, and B, are rightly called “diverted’ energy, bmsetlnsenergyhasbeen
rearranged, or dwemd,_moniamfmmthemrﬁmmnmge.lndmmge,the

energy from the DI location is diverted into the CI location to combine with an equal

connibuﬁonﬁommebd:crbammatwﬂlmived:manywayin_ﬂnabmof
interference.
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Inspecmlmterfeteme

Next, we examine special interference. Special interference has no
conmbunontolomnonz theCIloeauon,whenonlyonebmnson.'Ih:soocms
becausedlebeamsmsmanmoompansontotheDnouuon.andareduemdonly
towarddleDIlomuon,andmnotspmdautmcoverthelomonwhemCwan
evenmually take place.

‘The DI area functions exactly as described above, ashavmgtwomphnse
beams from A, with the out-of-phase B,

The CI area has no energy in the absence of interference. Most importantly, it
has no “undiverted' energy (that is, U=0).

When the second beam (B,) comes on, interference occurs producing an
merfetmemgethatmmovesenergyﬁomthemlocauon,(n, B;), leaving U as
mdualenetgy

ThcenergymmovedfromtheDIlocanonlsdwerwdmmtheCIlocanonas
B, + B,. It has an intensity of (B, + B,). '

Again by substitution we get: '
L =1, = A’ + B? +2AB = (B+U)y + B* +2B(B+V)
' = B? + 2BU + U* + B +2B +2BU
= 4B + 4BU + U
-@B+UF

However, U = Oatdnslocauon,producmgtheunpormmlauonasmownm
formulae 3. .

Formulae 3, first interference type in either amplification or saturation:

T, = 2B

L = (2B + 0 = 4B*

As a result, afonmlafortheﬁtsttypeofspecnlmrfetenoehasbm
denvedforbodnheamphmdeandmemnsuy

Thetonlammmofenergymmyoneappﬁuﬁondependsuponﬂ:eamof
CI and the area of DI, because they are able to be made up of many rays, even
thousands or billions of rays. The total 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 component
separator relative to the image. Contributions of energy from the other parts of the
imagethatammtpuréCIorDIalsocomibnmemtheoveranopemﬁonofme_

The importance of these formulae 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

imrﬁetenoeiimgeatlwuionslandz with DI at 1, and CT at 2.
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The output intensity is 4B, and the amplitude is 2B. It does not matter how
muuch Iarger A is than B, within the limits of the breakdown of the optics or other
facmﬂ:awmﬂdphyauﬂychangethemngmmﬂmgydwemdmm
outputudnecﬂypmpotﬁonﬂwthceomolbmn.

Whendxecomolbenmxsamphmdemodﬂmd.theoutputnsalsoamphmde-
modulated, havmgtwmetheamphtudeofﬂleoontrolbnm.'l‘heenergymthe
ampﬁﬁetofthepﬂormdmusesYomg'simerﬁume,thepmminvenﬁondoesmt
produce the residual output U, the undiverted lefiover energy that does not contribute
tothemrferencemge

Aslongasthemodtﬂatedbeamxssmnerﬂ:antheconmbum.theompm '
will be amplified. 'l'heompmamphmdelsalwaysdoublethesmallerofd:etwo

Nextconsnderwhahappenswhenthemodnlawdcomolbmnsesabwethelmlof
thecomtampowerbeam.WithB>A,foranyngenmthheoutpmwxﬂbetwmeme

smaller of the two. It is the same as switching the beam names in the formulae above. Because

thesmaﬂeronemﬂsothewnsmom,theoutpmwﬂbeaommm%mmrhowhghly
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-lincar optics that operate at the speed of light is able to accomplish
many tasks that are otherwise impossible. A modulated waveform will be limited and
clipped at the point where the two input beams are equal.

Seoondtypeofspeaalmtm

Ihesecondtypeofspeualmufetemexsalsoabletobevwwedashavmg
ﬂnreecompqnemamphmdes.ﬂcpowerbm(A)xsdmcted;otheDllouuon,mm
of it is directed o the CT location, just s with the first type of special interference.

The control beam (B) is directed to both locations. For that reason, this type
ofmrfermewﬂnotpmdwealoglcalANDmasmglesugehowwernmkesm
excellent amplifier. - _

Whentheeomrolbumnsoﬁ‘l, Oandll-B,+U

Whenﬂweonnolbenmnslessthanthesubmaﬂyconsnntpowerbam,
A =B, + U, and B = B,. The amplitude at location 1 will be B, + U.
Formuhe4,2ndimer£exmetypeipampliﬁmﬁon:

_ Amplitude = T, =B, + B, =2B

Intensity = I, = (B, + B’ - = 4B’

mslsthesameaswnﬂntheﬁrsttypeofspemﬂmfume Thedlfﬁueme
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energy (U), which equals B-A (because B is larger) does not come from the power
beam. Inﬂnscasememdualenergycomesﬁomthecomolbmwhmhxsdxmwd
sua:ght:momeoutpm.Asaresult,tbemupmdunngsaamuonlsasshownm
formulae 5. '

Formulae 5, 2nd interference type in saturation:

Amplitude = T, = B, + B, + U =2B+U =2A+U

Intensity = I, = (B, + B, + U = 4A + 4AU + U*

Amplification is reduced because A is constant. All of the available energy of
the power beam has 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.

As a result, this second type of special interference behaves like the first type
of special interference when B < A. However, it behaves like Young's interference

‘when B > A. Amplification is still limited somewhat, but it is not clipped.

Broad band and narrow band arrangements.

Theabove-descnbedpmcessrsphse—dependem.meemrgyremovedﬁom
the DI location is relocated in the CI position. But what if the signals arrive at the
first location at some other phase? In this case, the CI position is at some other
location, resuiting in near binary operation of a phase-modulated signal. The inputs
wmﬂdhavetobeexwdyoutofplnsemorderﬁotthcmlocanonwbethemmeas
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

If the amplifier is engineered to include a large number of such points so as

- to-use the averaging principle, then it will have & wide bandwidth and will be able to

function using a number of input frequencies. The output locations function as if a
group of controllers were placed side by side, each one using an individual ray set.
In this case, the output hole includes a large number of wavelength size
locations. For slightly different phases and slightly different frequencies, the CI
location from each pair of input locations will be at slightly different output locations.
Ifthoseoutpmlouuomhappentobemthmtheamofthehole,theemrgymﬂ
output. If they are not, it will not.
' Modern optics is capable of operations at wavelength sizes. Wavelength size
input beams and wavelength size output holes will produce processes that operate
considerably differently from the mmuitiple-location averaging style of optics. The -
more precise the optics are, the more precisely phases and frequencies must be in
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orderford:eClaruwhuﬂwoutpmhole
Wavdengﬁmpreumonmﬂmuseaphase—modtﬂawdsngnﬂtoompmonly

whenthephasexscloseenoughmlSO,attheﬁmlocauon,morderfortheCImto

hit the wavelength size output hole. The output from an analog phase-modulated signal

would be a binary output that occurs only when the two inputs are exactly out of

If multiple frequencies are used, the only ones that will be able to hit the
ommnmlewinbemmn-mhmwmlengmmnysommalmﬁmis '
where the tiny hole is. :

As a result, eachme:hodandmhdmeenmstbeengmeeredmpmmme
type of amplifier needed. If a phase demodulator is to operate with an analog input, it
will have to be of the averaged, multiple location (broad band) type. If it is to be
used in a binary circuit, then the single wavelength-size location (narrow band) type

~ will work quite well. '

Itlsposszbletopmduceaconsxdetablemmbuofcompomeopetauonsby

- using a number of wavelength-size controllers having a common first location, but
separate output locations; thus, a variety of signals are able to be handled all at once.
A frequency division demuitiplexer is able to be produced by inputting the
beams from different locations directed to a common location. Each different -
frequency will produce its CI at a different output location. If each output location
* has its own output hole in the image component separator, a complex group of
frequencies in the input will be separated into separae outputs, Meanwhile, it will
filter out any frequencies in between, because no output hole is provided for those
frequencies, and no matching input frequency is provided. -

If the control input is directed to a common location and a mumber of power
inputs are used, each having a different frequency and a different location, the
geometry is able to be arranged so that the CI locations all match, producing a very
accurate frequency-selectable filter. All frequencies that match a power beam will have
theerIatthceommonouthole.Allotherﬁeqmeswﬂlnot The difference
between this arrangement and the broad band averaging arrangement is that each of the
frequencies that pass through the filter nmst match precisely the frequency and phase
of the power beam. At wavelength sizes, filters are capable of providing the best
selectivity of any known means, especially at light wave frequencics and beyond.”

As can be seen from the foregoing discussion, the vector sums of coherent energy produce a
great variety of logic, amplification, and energy beam control functions when these vector combinations
are separated from various parts of an interference image by an image component separator. How these
vector combinations are produced using any of the interference types. depends upon the optics used to
produce interference and upon the phase and amplitude relationships of the coherent input beams.
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Consequently, the many feferences herein to "constructive interference” and "destructive interference”
can apply to all possible vector combinations of energy within an interference image, regardless of
whether the vector sum produces a maxima, a minima, or some result in between. The term
"constructive interference” can include any vector result that is greater than or equal to the simple
addition of intensities, and the term "destructive interference” can include any vector result that is less
than the simple addition of intensities. However, when phase relationships are being discussed, the

. terms apply to the maxima and minima where such phase relationships exist.

10

Application no. 08/357,460 and patent no. 5,093,802 explain how these energy beam control,
amplification, and logic functions are accomplished using coherent energy of a single frequency.
Collectively, such devices and processes that produce interference-based functions are called "photonic
W'Mmmmwlewmmmmmmmlymmm

* electronic transistors.

15

30

35

lhepmemmvemmaddsmebmcpnmpleofﬁemmymﬂnpluedopmnonwpmdeaﬂ
of the interference-based functions of separate photonic transistors simultaneously to individual
frequency-muitiplexed channels within a single device. As a result, single-channel devices are abie to be
connected to frequency-multiplexed devices, and frequency-multiplexed devices are able to be
interconnected in the same organizational arrangements as are single-chanmel devices. The advantage of
meptesemmvemonmﬂmmemdmduﬂwnmomdopmuommwomeOnamﬂnchamlbam
msasmslesetOfOPm

Anmpommpomonofﬂ:ebas:cphymsonwhchﬁequemymﬂuphnngnsbasedwasﬁrst
demonstrated in the nineteenth century when light having several spectral lines was passed first through
a Fabry-Perot etalon and then through a prism. The etalon produced a composite mmlti-frequency
interference image. Subsequent frequency separation by the prism separated the composite image into a_
set of individual interference fringes, one fringe for each wavelength. When the input slit was made
verynarrow,mllpomonsofeachfrmgeweresepamedbythepnsm.

mspmcmmusedmdayﬁormmwlydewmmngmemhnvemdengthsofm
spectral lines. A description of this process is provided in many basic optics texts, including
Fundamentals of Optics by Francis A. Jenkins and Harvey E. Whiie, copyright 1976, McGraw-Hill.
In that description and the accompanying photographs, applicant noted some features of its operation
mmgowenbeyommemcuﬂumxmmandm:mappuemlynmmscussedmmaby
mm.mmmm”,mmsmwge.medmemmmy
scientific journal to this day. Specifically, in spite of the fact that the many interference fringes were
produced sinmitaneously by the etalon, the separated images experienced no distortion because of the
at one wavelength would not affect the images produced at the other wavelengths.

Applicant also noted that etalons have only one optical input, unlike photonic transistors that
require two or more inputs so that the various combinations of input signals can be used to produce
various combinations of interference images, which can then be separated to produce various functions
in the output. |
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Comhmng&eahhtyofﬁequemy-mlnplexedbmsmpmdueemdependemhumhpmng -
mmmmmmmmmdphmcmmmmmmmpm
invention; i.e., ﬁequmy-mﬂnplexedlog:c,amphﬁmon,andmgybmeoml -

Smsle-ﬁequencympmsprodwemhﬁmon.mrsymol and logic by defining the input
beamsxehnvetoﬂxemnpmlouuon(s) Inthepxesentmvemon,muluple—frequencychmelsareused
as the input. Informauonmmnluplaedmothemdmdualchmlsomdeofthemvemon. '
BmadbMopncsueusedsodnt&eemmspecmmhandof&emﬂnpbxedmﬁommmwabhm —
passthmghmomewtpmaﬂuhmngbemmwdﬁomspeuﬁclmomchosen&ommmme
mdmdualmerﬁmme:mages

Whexeasdxmngapphcamswo:kontheongmalphotomcms:storpamm 5093802 it -
seemdﬁammehowoneshouldbeﬁlcmdemgnthemvemonsoastowcommdmmﬂuple
wavelengﬂ:s,ﬂ:efundmemalmeansforaccompﬁshingthatwasmissing. Onlyafcerconsldembleeffon ‘ -
and study was the physical mechanism needed to accomplish frequency-muitiplexed operation
determined. Only then did it become clear that individual interference images are produced for each
channel wavelength, and that broadband optics would be needed because the CT-and DI regions of the
individualimerﬁeremeimgesmgeﬁnﬂynmmdwdatencﬂythesamephée' -

_ Ihcm&eqmmmdfotuchclmmelmbechosensommmmdme
ﬁequmesthauepmdueedbymemmgofmempmsgmhdonmommkmdwm
channels. Once properly selected, memerﬂemmemagesprodwedbytheindmdualfrequmes
function separately from one another, evendnoughtheyarﬂomdatthesamegenexﬂplace havmg
ontputsﬁomeomonontpnthcamn(s)wxﬂnnﬂxemgeoompmm

Eachchamlofﬂnﬁeqwmymﬂnplaedouqmbehwesmemasdescnbedaboveforme
mngle-ﬁequemymmgemem.exceptmatmwmnyamﬂmopmomommmmmesame
opncalanangqnent As a result, thepmemmvenuonpmwdesfreqmy-mﬂnplexedloglc,energy -— :
beam control, and amplification without demmitiplexing the signals into separate devices for processing. —

Comb:mngﬂxebamsetcomept&omnohmmcmgesmthﬂeqnemymulnpﬁnngof
active ﬁmuionspmdueesacbmpmhensive means and method of performing ﬁiqwdcy—mﬂﬁplexed’“'
logic, amplification and energy beam control fanctions comprising the following steps: -

1. pmdmmgaﬁtst&eqmymnlﬂpkxedmpﬂmhuhngaﬁmbmsahamgaleastom

~ beam of energy of at least one wavelength modulated with encoded information, and at Teast

omseeondbeamsethmngaleastonebumofenergyofaiastoneothuwwdengm

_modnlatedmﬂneneodedmfonmnon, -

2 pmdwngaseeond&eqnmy—mnlnplexediipmwhdmgadnﬁbmsethwmgmhmom
Mrdbumofenergyofsadalasonewwdmgmm:deemodedmfomnummd— _
atleastoneﬂounhbeamsuhwmgaleaaombmofmgyofsmdalustomother

_ wavelengﬂ:modulmdwuhenoodedmfonmmn, _ :

3. modnungaﬁamer&rmmgemﬁsudﬁmmmmm,andaleaaomom
mmerferememgew!ﬂlmdmondandmmwmsets,and i

4, sepanungenergyﬁomamomlounmmmmsmdﬁtstmmﬁnmemgemda!mom -
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location within s4id 3 least one other interference imagé'ié provide at least one output having

energy at said at least one wavelength, and said at least one other wavelength,

wherein said functions are based on the constructive and destructive interference at said at least

"Modulaﬁdn"asusedinthepreﬁémappﬁcaﬁonimludsthe‘stamsofbeihgconﬁmmuslymor
contimously off, as such conditions are valid binary logic states.

" The first and third beam sets, having the same wavelength, constitute the minimum of two
inpuwbraﬁnglechamel.mﬁmmeimageissepmwdbymimagemmpommw
at the "at least one location” to produce the "at least one output.”

The second and fourth beam sets, having the other wavelength, constitute the minimum of two
inputs needed for another channel. Energy from the at least one other interference image at the “at least
one other wavelength” is also separated from the "at least one location” into the "at least one output.”

Obviously, many multiple channels having mitiple beam set inputs can use this basic means
andmemod,pmdudngmmqummﬁommanyhcaﬁomwimmcnnﬂﬁpleimagespmduced.Infact,
very wide portions of the electromagnetic spectrum can be channelized so as to provide frequency-
multiplexed functions containing many thousands of independent simmitaneous functions. Such
mgemmmﬁnﬂwdoﬂybymemgimfsabﬂitywmganize,oﬁem,mdpmmwebmadbmd
optics capable of properly aligning the many interference images with the output locations of the image
component separators.

The amplification function can be performed on a single channel using the basic invention by:
1. posiﬁodngmeﬁmmmﬂaemeimagesommeimerﬁmmmwiminsaidﬁm

innrfeme_imageatmidat-leastonelouﬁon,and

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

thereby providing amplification at said at least one wavelength by producing an output at said
at least one wavelength having energy from both the modulated third beam set and the constant first
beam set.

Ampﬁﬁcaﬁmcanthenbeperformedonmyoneofﬁechanmlsbyptopeﬂymodﬂaﬁngme
input signals for that channel, and separating energy from a CI position within the interference image
for that channe].

Auofmelogicﬁmcﬁomcanbepufomdonachamel-mdtﬂaﬁngtheinpmﬁgnﬂsm
diginlinformﬁonandmensepamﬁngmebutpm&omomormphwsintheappmpﬁm
interference image to accomplish the logic fonction desired. |

In this case, the first and third beam sets are modulated with digital information, thereby

* providing frequency-multiplexed digital logic based on constructive and destructive interference within

said first interference image at said at least one wavelength. '
Likewisewiﬁﬁeoﬂ:etcham&,_ﬁesecondandfom&bmmmmﬁﬂmdwiﬁdiginl
information, thereby providing said frequency-multiplexed digital logic based on constructive and
destructive interference within said at least one other interference image at said at least one other
wavelength simultaneously with and independent of said frequency-multiplexed logic based on
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constructive and destructive interference within said first interference image at said at least one
The present invention provides frequency-multiplexed beam control using interference-based
functions.
The present invention also provides a frequency-muitiplexed amplifier using interference-based
functions.

The present invention further provides frequency-multiplexed Boolean logic using interference-

The present invention also provides frequency-multiplexed, interference-based functions,
including Boolean logic, amplification, and energy beam control. _

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, and claims
which follow.
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' BRIEF DESCRIPTION OF THE DRAWINGS

Fig. lmmopemomlwewshowmghowdwelemenmyﬁeqmy—mﬂnplexedemgybum
controller operates.

Fig. 2maspecmlgmphumngvecmrswmusmwandamlyumeopmuonofthedemeof
Figures 1 and 3.

Fig. 3 is an operational view illnsmtingoperationofone'embodimem of the frequency-
10 multiplexed energy beam controller utilizing hologram optics.

Pleasemtethatmebeamangles s:m,andpropomonsareexaggeratedsoasmproudefor
clantyofundetstandmg
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BEST MODE(S) FOR CARRYING OUT THE INVENTION

Fig. 1 is a perspective view showing an elementary embodiment of the present invention.
Bmtgyﬁomaﬁmﬁemwmy-mﬂdphxedhpm(m)ismpeﬂmudmnm«ﬁgyﬁomasecom
&eqmy-:mﬂnplexedmput(ll)omoanmgeoompomsepamor(ﬁ) _

The first frequency-multiplexed input includes a plurality ofdlffuent wavelength channels
includmgaﬁrstbumsethavmgmrgyofatlastonewavelmgth andatlelstoneoﬂlerchannel
having energy of at least one other wavelength. Obwmsly,anyaddmomlchamelswmﬂdeachhave
camuwavebummasullotherwavelengths

Bmusemﬂnphwwdmgﬂ:smﬂsobemodulmdmﬂnhemmfomanomnmsudmat
ﬂ:eﬁrstbeamsethasenergyof"atlustonewavelength _

Thesecond&eqmmymﬂuplexedmpm(ll)ﬂmmchﬂesaplumluyofdlffemwavehngm
channels, lmludmgamudbemsethnnngemrgyamesamgwdmgthastheﬁmbgamsetabove
and a fourth beam set having energy at the same wavelength as the second beam set above.

Each freqwncy-mulnplexedchannel meach&equency-nnﬂuplm:edmpuus separately
modulatedwxmmformuonﬁorcontroﬂmgthemmﬁereme-basedﬁlmnons

lmafe:mbawunmpm(lo)md(u)pmmwmmm&rmm(lz)m
(13). The first interference image (12) is produced by the first and third beam sets identified as (24) and
(25) in Fig. 2, and the at least one other interference image (13) is produced by the second and fourth
beam sets identified as (28) and (29) in Fig. 2. The first, second, third, and fourth beam sets (24),
(25), (28), and (29) are shown as vectors in Fig. 2. They are not specifically shown as independent
entities in Fig. 1 and Fig. 3 because each is constituted of multiple individual beams.

The cross-hatching at (12) shows that portion of the first interference image that is to be
separated into the at least one output (17). Cross-hatching at (13) is that portion of the at least one other
interference image that is to be separated into the at least one output (17) also.

Thecmss-hamha(m)lsthewerlappmgamofmemmgesthambothmbesepmwd
into the at least one output (17).

The image component separator (15), in this case, is a mask with an opening (14) in it. By
reasonofitsposiﬁom’ngandoriemaﬁonwiﬂuespecttotheimages.opening(lct)permitsenergyﬁ'om
the desired component parts of the images to pass through into output (17). |

Fig. 2 shows the spectral graphs of a more complex arrangement of the invention. Spectrums
(20), (21), and (22) represent frequency-multiplexed inputs. Spectrum (23) is a frequency-multiplexed
output. The amplitude vectors along each horizontal line represent each different frequency channel.
Vectors of the various inputs and the output line up vertically. (Phase angles are not shown.)

For example, vectors (24), (25), and (26) represent the violet input. They combine to form a
violet interference image. The violet output scparated is represented by vector (27). This constitutes the
violet channel. The same arrangement is shown for the blue channel vectors (28), (29), (30), and (31),
the yellow channel vectors (32), (33), (34), and (35), the orange channel vectors (36), (37), (38), and
(39), the red channel vectors (40), (41), (42), and (43), and, finally, the infrared channel vectors (44),
(45), (46), and (47). Obviously, if one were to use white channelized light, there would be many more
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mdependentchannelsthandanbeshownmas:mpleﬂlusmon.

Considering Fig. 1 and Fig. 2 together, ﬁ'eqnency-mnluplexed input (10) has a channelized
dynamic input spectrum that, for a given instant, is like spectrum (20). Freqmy—mﬂnplexedmput
(11), for that same instant, is like spectrum (21). As Fig. 1 is a two-input device, spectrum (22) is not
used. :

Each channel, represented by vectors such as (24) and (25), has its own interference image (12)
produced by the common wide-band optics (not shown), and has its output (17) separated from that
image. Each channel operates independently to produce a vectored output that is the vector sum of its
vector inputs for all of the locations within opening (14) in image component separator (15).

Fig. 3. shows a more complex arrangement using hologram optics. This illustration can be
used to depict several types of input spectrums. The frequency-mmitiplexed inputs are (50), (51), (52),
and (53). Since one of the possible modulation combinations includes one in which all of the channels
are off except one, these inputs can also be monochromatic or quasi-monochromatic. A quasi-
monochromatic input usually has several close-by frequency lines that are all modulated with the same

One of the most convenient ways of implementing the present invention is with computer-
generated holograms, Holograms (54), (55), (56), and (57) can be individual holograms or
subbologram parts of a larger hologram, By tracing through one channel at a time, we can understand
how each channel operates independently, and then how it interrelates with the other channels in a
particular optical design. The first we will trace is the violet channel with output (27).

Energy of frequency-multiplexed input (50) matches spectrum (20) and is directed to hologram
(54). Each pixel, such as (60), (61), and (62), adjusts the phase, direction, and other properties of the
energy arriving at that pixel just as if the hologram at that location were a tiny set of optical elements.
These clements can be desermined by a computer program and produce the proper inerference images.

The arrows from pixels (60), (61), and (62) constitute part of the beam set for the particular
chaml(wmlmg&)nndummmmmubamsamdndesaﬂofmemgyﬁomauof&e
pixels of hologram (54) as they transmit violet light,

Hologmm(ﬁ)mdeugnedmprmdeacmrdxmﬁmofpixd—siudopﬁcﬂdememssuchtha

-dleenergy&ommput(SO)lsduecwdtowatdmgeeompomsepammm) There, a violet channel

image, image (73), is produced.
Mordermawomphshenergymmol.unpﬁﬁuﬁommdmmgic,uleasnwomm
needed. Frequency-muitiplexed input (51), which matches spectrum (21), is directed by the pixel
elements, such as (66), (67), and (68) in hologram (55) 50 as to contribute their encrgy and modulation
patterns to image (73). The violet beam set from hologram (55) is all of the energy from all of the
violet-transmitting pixels of hologram (55), each transmitting pixel providing one beam 1o the beam set.
Since the violet chanmel of frequency-multiplexed input (51) is modulated as a whole, all of the little
violet beams coming from hologram (55) are also modulated with the same information (25). However,

the violet channel in frequency-multiplexed input (50) is modulated with different information (24),

which in turn causes all of the tiny violet beams of the violet beam sgt from hologram (54) to be
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Frequency-mmltiplexed input (52) is modulated with information (22), and is directed by
hologram (S6) with example pixels (69), (70), and (71). The three modulation patterns. from frequency-
nnnuplexedmpms(SO),(Sl).and(SZ)atetheneombmedtoptoduceadynammmerﬁerencemge
73). ) : .
-ImageU3)mmpﬁses-CIandDI¢ompomms&uchangeposiﬁonastheinplnmpﬁmdesand
phasesforthatvxoletwavelengm:hange As a result, thzenergyofthatwavelengﬂ:changesdependmg
mmemmmmmvm(u).m),un(zs)ofmevmmmnsm

Mﬁmcuomperfomeddsodependmthclmnon(s)ﬁomwhmhemrgymsepmwdmm
the channel image. Pixel-sized reflectors may be used at pixel locations (76) and (77) to separate and
direct energy to a common output (78): Output (78) will contain the vector sum of the energy which

arrives at locations (76) and (77), which is the vector sum of the energy within image (73) that comes

15

35

from frequency-multiplexed inputs (50), (51), and (52) as arranged by holograms (54), (55), and (56).

As a result, output (78) is the completely calculable result of the frequency-multiplexed inputs.
Frequency-multiplexed input (53) is an example of one of many other possible inputs that can

be added. Likewise, it has an interference-producing hologram (57) and example pixel elements (63),

(64), and (65), and it has its own set of vectored input channels like the others.

If any of the frequency-multiplexed inputs (50) through (53) contain energy of the violet
channel, then that input will contribute to that channel's wavelength output (78). It will contain all of
thevecmmdmﬂmmeombmmmmthwhmvumlexmagmgamngmmmpmducedbyme
beamwmbmghologxm(ﬂ)through(sn Thesecombxmuonvecmrsselecmed&ommecomplex
violet image produce the various individual interference-based functions that are preformed on that

.chanmel. The same is true for each of the other channels.

Next, we can consider another channel; for example, thebluechannelwnthmmmneousmput
vectors(28),(29),and(30)whchpmducesmupmvector(31)atatleastonelocanonwnmmtheblue :

mse(15) _ -
In this case, there are three inputs having a blue component: fxequency-nnﬂuplexedmputs(SO),

_ (1), and (52). The same pixel elements that direct violet light may or may not direct the blue light.

After all, one of the possible pixel elements could be a narrow-band filter thiat allows only a narrow
range of channels through. However, all of those pixels that transmit biue light; such as (60) and (61),
constitute the blue beam set from frequency-muitiplexed input (50). Frequency-multiplexed inputs (51)
and(sz)alsohavemrmpecmuuebamsm,asshownbymmwsﬂompnels(ss),(67),
(68) and (69), (70), and (71) le!pectmly : .

Aswxﬂnhevroletchmel theblnechannel:smdependenﬂymodtﬂmdmmmoded
infomanomhowwer,eachunymxdbmmwhmpmbumseusmpdlﬂmd_mththem :
information. As a result, the changing modulation patterns within the blue interference image (75)
change the CI and DI locations within the image, and the shape of the image and its relationship to the
other channel images is controlled by the positioging, orientation, and type of optical clements at each
pixel and the way they relate to the other optical element pixels within the ssme hologram and the
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image component separator.

(htpnt-sepamungp:xels(76)and(77)medwbecons1dered Ascanbeseenbyfollowmgthe
outlines for each image, omputpnel(77)1slocatedw1th1ntheblue1mage(15),whﬂeoutpmplxel(76)15
not within the blue image. Thus, 0utputp1xel(71)comnbntestothebluewtputat(78),butomputpxxel
(76) does not.

The red channel, as shown by vectors (40), (41), and (42) of Fig. 2, is input on frequency-

 muitiplexed inputs (50), (51), and (52), resulting in red beam sets from holograms (54), (S5), and (56) that
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produce the red image (74). In this case, output pixel (76) contributes to output (78) and output pixel (77)
does not.

Interference is a wavelength-dependent phenomenon. As a result, the channel images tend to be
spatially adjusted relative to each other. This means that parts of the images overlap, and parts of them do
not. The pixel optical elements that are able to make up the image componeit separator (72) are stationary,
sotheamplimdeandphaseofanylightconnibmedtooutputﬁS)dependsonwheretheimgesarelocawd
relative to the output pixels, what part of the images, CI, DI or in between, appear at those output
locations, and how the phase, dlrecuon,andotherpammetexsoftheenergyatmhencrgy-sepmungp:xel
are treated by the output pixel optics.

Bycdcnhungthemagespmdueedbyanamyofpmdopncs.aoommpmgxamwabhm
demmmwhaoummeformwﬂmmﬂtﬁomvmousmmﬂmmpmrmmmmmhchameland
thereby determine the optimal arrangement of pixel optics needed within the holograms in order to produce
an optimal set of channel images. mopﬁmalsetofoutputpixelelemems'canbecalculawdbymesame
method, producmgthedemed&equency—nnﬂuplexedoutputs

Amtheroutpmuamplemshownbyﬁeﬂueemtegxcaﬂy—plwedopemngs(79), (80), and (81) in
image component separator (72). These can be pixel-sized openings or larger openings that each take up a
number of pixel positions as shown. Like the mirror at output pixel (76), these openings can actually
include optical elements for coordinating the energy separated from each location as it combines at output
(82). Such optical elements can include lenses, mirrors, phase shifters, filters, or any other optical clement
or group of optical elements that are positioned and oriented so as to direct energy into output (82).

Mpncuungtheptesemmvemon,mymmbetofﬁequmymﬂuplexedmputsmthmthe
physical limits of the beam-combining optics can be used. 'l'hconlyrealhnnnuonastothemmberof
channels that can be included is the bandpass characteristics of the optics used. As a result, a great number

"~ of energy beam control, amplification, and logic functions can be accomplished on the information

frequency-multiplexed into the input and output beams. As a result, the present invention can be
manufactured using a common set of optics or holograms, including computer-generated holograms.

_ While the foregoing descriptions of the present invention have disclosed specific constructions,
means, and methods of accomplishing the present invention, and because specific improvements and

'mﬁﬁuﬁmwmmmnymmwmmmmmofcommmm&ﬁmm

the like, 1t1sapphcantsmentnottobehmxtedbyanyofthefotegomgdescnpuons but only by the
claims which follow.
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What is claimed is:

1. A method of performing W-Mﬁplud loglc, imj;liﬁcation, and energy beam control functions

5 comprising the following steps:
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_ prodtmngaﬁrstﬁeqnemy-mﬂﬂpluedmpmmhdmgaﬁrstbamsahaungaleast
ombemofewgyofatlenstomwmkngﬁmodﬂmdmthmﬁomon,andalmom

_secondbemsethmngaleastombeamofemgyofalastomothuwwdmg&mo&ﬂmd

with information;
pmduangasecondﬁequemy—mﬂuplexedmpmmh&ngaﬂmdhmsethmngalmt
ombeamofenergyofsmdatlenstonewavelengthmodlﬂatedmthmformon, and at least one
fourthbeamsethavmgatleastombeamofengrgy_of.smd_atleastoneothuwavelengm
modulated with information; |
ptoducmgaﬁrstmerﬁememgewxmsudﬁrstandﬂurdbumsets ‘and at least one

°oth:rmetﬁerencemgew1msaxdseoondandﬁomﬂ1benmsets, and

sepamnngenergy&omatleastonelocanonmmmsadﬁrstmerﬁtememgeand&om
atleastonelocaummthmsmdalustomothe:mex&m_mge:wprowdealmtomompm

| hmngenergyatmdmleastonewwdengﬁandsadatlustomoﬂmwwelengﬂ:,

' whuunsudﬁmcnommbasedonthcoomuucnvemddesmcnvemmfemmeasuda
least one location. '

2. The invention of claim 1:

wherein:

constructive interference occurs at said at least one location within said first interference
image, and | - -

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

dlerebypmdmgamphﬁuuonatmdatleastonewavelengm.

3. Thcmvemonofclmml

wherein: : _
| mdmmonmwmmﬁm_mﬁmmmmmmism
S
| thetebypmudmgﬁequency-mxlﬂplueddlgml logxcbasedoneonstrmveand
dmucnvemr&rmemﬂnnsudﬁmmrfetememgeasudalustmwavehngm

4, Themvennonofclame

wherein: . _ _ :

mmmmmmm_mmmmmﬁﬁm
information,

thereby pmdmgmdfrequency—mﬂnplaeddlgmlloglcbasedonconsmuvemd
destructive interference within said at least one other interference image at said at least one other
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wavelength simultaneously with and independent of said frequency-muitiplexed logic based on
constructive and destructive interference within said first interference image at said at least one
wavelength. '

5. The invention of claim 1:

wherein:

said at least one output is taken from a plurality of locations within said interference
images, and ' '

including:

processingsepmwdemrgyusingaleastoneopﬁcdelememueachofsﬁdplmﬁtyof
locations so as to coordinate energy from each of said plurality of locations as it is directed into
said at least one output. | '

6. A frequency multiplexer for use with wave-type energy, comprising:

a first frequency-multiplexed input means including a first beam set having at least one
beam of energy of at least one wavelength modulated with information, and at least one second
beam set having at least one beam of energy of at least one other wavelength modulated with

a second frequency-multiplexed input means including a third beam set having at least one
beam of energy of said at least one wavelength modulated with information, and at least one
fourth beam set having at least one beam of energy of said at least one other wavelength
modulated with information; _

directing means for directing said first, second, third, and fourth beam sets so as to
produce a first interference image with said first and third beam sets, and at least one other
interference image with said second and fourth beam sets, and '

image component separating means for separating energy from at least one location within
said first interference image and from at least one location within said at least one other
interference image to provide at least one output having energy at said at least one wavelength and
said at least one other wavelength. '

7. The invention of claim 6:

wherein:
said directing means is positioned and oriented so that constructive interference occurs at
said at least one location within said first interference image, and
including:
" means for maintaining said first beam set at a substantially constant above-zero level,
thereby providing amplification at said at least one wavelength.

B.T'heinvent_ionofclaim&

wherein:
said information with which said first and third beam sets are modulated is digital
_ thereby providing frequency-multiplexed digital logic based on constructive and
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destructive interference within said first interference image at said at least one wavelength.
9. The invention of claim 8: ' -
. wherein: _
said information with which said second and fourth beam sets are modulated is digital
5 information, | : | |
thereby providing said frequency-multiplexed digital logic based on constructive and
destructive interference within said at least one other interference image at said at least one other
wavelength simultaneously with and independent of said frequency-multiplexed logic based on
constructive and destructive interference within said first interference image at said at least one
10 wavelength., | '
10. The invention of claim 6: .
 wherein: . : '
said at least one output is taken from a plurality of locations within said interference
 images, and -
15  incloding: o -
processing means for processing separated energy using at least one optical element at
each of said plurality of locations so as to coordinate energy from each of said plurality of
locations as it is directed into said at least one output.



