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SELECTIVE RESONANCE OF CHEMICAL 
STRUCTURES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is related to, claims the 
earliest available effective ?ling date(s) from (i.e., claims 
earliest available priority dates for other than provisional 
patent applications; claims bene?ts under 35 USC § 119(e) 
for provisional patent applications), and incorporates by 
reference in its entirety all subject matter of the following 
listed application(s) (the “Related Applications”) to the 
extent such subject matter is not inconsistent hereWith; the 
present application also claims the earliest available effec 
tive ?ling date(s) from, and also incorporates by reference in 
its entirety all subject matter of any and all parent, grand 
parent, great-grandparent, etc. applications of the Related 
Application(s) to the extent such subject matter is not 
inconsistent hereWith. The United States Patent O?ice 
(USPTO) has published a notice to the effect that the 
USPTO’s computer programs require that patent applicants 
reference both a serial number and indicate Whether an 
application is a continuation or continuation-in-part. The 
present applicant entity has provided beloW a speci?c ref 
erence to the application(s)from Which priority is being 
claimed as recited by statute. Applicant entity understands 
that the statute is unambiguous in its speci?c reference 
language and does not require either a serial number or any 
characterization such as “continuation” or “continuation-in 
part.” Notwithstanding the foregoing, applicant entity 
understands that the USPTO’s computer programs have 
certain data entry requirements, and hence applicant entity is 
designating the present application as a continuation-in-part 
of its parent applications, but expressly points out that such 
designations are not to be construed in any Way as any type 
of commentary and/or admission as to Whether or not the 
present application contains any neW matter in addition to 
the matter of its parent application(s). 

RELATED APPLICATIONS 

[0002] For purposes of the USPTO extra-statutory 
requirements, the present application constitutes a continu 
ation-in-part of currently co-pending US. patent application 
Ser. No. , entitled SELECTIVE RESONANCE OF 
CHEMICAL STRUCTURES, attorney docket no. 0604 
009-00lA-000000, naming Muriel Y. IshikaWa, EdWard K. 
Y. Jung, Nathan P. Myhrvold, and LoWell L. Wood, Jr. as 
inventors, ?led contemporaneously hereWith. 

[0003] For purposes of the USPTO extra-statutory 
requirements, the present application constitutes a continu 
ation-in-part of currently co-pending US. patent application 
Ser. No. , entitled SELECTIVE RESONANCE OF 

CHEMICAL STRUCTURES, attorney docket no. 0604 
009-00lB-000000, naming Muriel Y. IshikaWa, EdWard K. 
Y Jung, Nathan P. Myhrvold, and LoWell L. Wood, Jr. as 
inventors, ?led contemporaneously hereWith. 

[0004] For purposes of the USPTO extra-statutory 
requirements, the present application constitutes a continu 
ation-in-part of currently co-pending US. patent application 
Ser. No. , entitled SELECTIVE RESONANCE OF 
CHEMICAL STRUCTURES, attorney docket no. 0604 
009-00lC-000000, naming Muriel Y IshikaWa, EdWard K. 
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Y Jung, Nathan P. Myhrvold, and LoWell L. Wood, Jr. as 
inventors, ?led contemporaneously hereWith. 

[0005] For purposes of the USPTO extra-statutory 
requirements, the present application constitutes a continu 
ation-in-part of currently co-pending US. patent application 
Ser. No. , entitled SELECTIVE RESONANCE OF 

CHEMICAL STRUCTURES, attorney docket no. 0604 
009-00lD-000000, naming Muriel Y IshikaWa, EdWard K. 
Y Jung, Nathan P. Myhrvold, and LoWell L. Wood, Jr. as 
inventors, ?led contemporaneously hereWith. 

[0006] For purposes of the USPTO extra-statutory 
requirements, the present application constitutes a continu 
ation-in-part of currently co-pending US. patent application 
Ser. No. , entitled SELECTIVE RESONANCE OF 
CHEMICAL STRUCTURES, attorney docket no. 0604 
009-00lE-000000, naming Muriel Y IshikaWa, EdWard K. 
Y Jung, Nathan P. Myhrvold, and LoWell L. Wood, Jr. as 
inventors, ?led contemporaneously hereWith. 

[0007] For purposes of the USPTO extra-statutory 
requirements, the present application constitutes a continu 
ation-in-part of currently co-pending US. patent application 
Ser. No. , entitled SELECTIVE RESONANCE OF 

CHEMICAL STRUCTURES, attorney docket no. 0604 
009-00lF-000000, naming Muriel Y IshikaWa, EdWard K. 
Y Jung, Nathan P. Myhrvold, and LoWell L. Wood, Jr. as 
inventors, ?led contemporaneously hereWith. 

SUMMARY 

[0008] In one aspect, a method of applying energy to a 
selected group of proximate atoms Within a medium com 
prises selecting a score specifying a series of differing 
energy inputs, and applying the series of differing energy 
inputs speci?ed by the score to the medium. As Will be 
described further herein, the term “differing” is not neces 
sarily restricted to energy inputs from different source 
mechanisms, energy inputs at different frequencies, or tem 
porally or spatially non-overlapping energy inputs. 

[0009] The differing energy inputs of the series are 
selected to resonate each resonant structure of a plurality of 
resonant structures among the group of proximate atoms. 
The score may be selected so that applying the series of 
differing energy inputs has a physical effect, such as trans 
ferring substantially more energy to at least a portion of the 
group of proximate atoms than to other atoms in the 
medium, breaking a predetermined bond betWeen tWo mem 
bers of the group of proximate atoms, or changing a kinetic 
parameter of a reaction involving a member of the group of 
proximate atoms. Energy transfer to the medium may be 
predominantly through resonant excitation of the plurality of 
resonant structures. The plurality of resonant structures may 
be resonated simultaneously, sequentially, and/or in a tem 
porally overlapping fashion. The series of differing energy 
inputs may be applied simultaneously, sequentially, and/or 
in a temporally overlapping fashion. 

[0010] The group of proximate atoms may form at least a 
portion of a molecule (e.g., a biomolecule such as a protein 
or nucleotide), at least a portion of a crystal, or at least a 
portion of a complex of molecules. Members of the group of 
proximate atoms in some cases may be separated by a 
distance of no more than 300 A, and/or may be connected 
directly or indirectly by bonds betWeen the atoms (e.g., 
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covalent, ionic, metallic, van der Waals, hydrogen, coulom 
bic, and/or magnetic attractions). The score may comprise at 
least 4, at least 10, or at least 36 energy inputs. The plurality 
of resonant structures may comprise a longitudinal vibra 
tional mode of a bond, a bending mode of tWo bonds, and/or 
a squashing mode of a plurality of bonds betWeen members 
of the group of proximate atoms. 

[0011] The score may specify application of one or more 
electromagnetic beams as energy input(s), Which may have 
a characteristic selected from the group consisting of a 
selected set of frequencies, a selected set of modulation 
frequencies, a selected set of phases, a selected set of 
amplitudes, a selected temporal pro?le, a selected set of 
polarizations, and a selected direction. The selected set of 
frequencies and/or the selected set of modulation frequen 
cies may be approximately monochromatic, may comprise a 
plurality of local maxima, and/or may comprise tWo fre 
quencies having differing amplitudes. The electromagnetic 
beam may be coherent or incoherent. The temporal pro?le 
may be characterized by a selected beam duration, and/or by 
a selected change in frequency, modulation frequency, 
phase, amplitude, polarization, or direction during a selected 
time interval. The electromagnetic beam may be polarized, 
amplitude modulated, or frequency modulated, and it may 
be, for example, an infrared beam. A plurality of electro 
magnetic beams may dilfer in frequency, modulation fre 
quency, phase, amplitude, polarization, or direction, and/or 
may intersect at a target location. The method may include 
scanning the electromagnetic beam. 

[0012] The method may also include applying a ?eld to 
the medium, the ?eld preferentially orienting at least a 
portion of the group of proximate atoms. The ?eld may be, 
for example, an electric ?eld, a magnetic ?eld, an electro 
magnetic ?eld, a mechanical stress, a mechanical strain, a 
loWered or elevated temperature, a loWered or elevated 
pressure, a phase change, an adsorbing surface, a catalyst, an 
energy input, or a combination of any of these. 

[0013] The plurality of resonant structures may be in an 
arrangement having tWo end resonant structures and a center 
resonant structure, and may be resonated in a sequence 
beginning from the tWo end resonant structures and pro 
gressing toWards the center resonant structure (Which may 
be a temporally overlapping sequence). The group of proxi 
mate atoms may undergo a physical effect upon resonance of 
the center structure. The resonance of the center structure 
may break a predetermined bond betWeen tWo members of 
the group of proximate atoms. 

[0014] In another aspect, a method of exciting a compo 
sition including a plurality of resonant structures, each 
having a resonant frequency, comprises selecting a set of 
excitation energies and applying the set of excitation ener 
gies to the composition. Each excitation energy has a 
frequency (e.g., a modulation frequency) matching the reso 
nant frequency of at least one of the resonant structures. 
Together, the excitation energies cause a chemical change in 
the composition that Would not be caused by the application 
of any one of the excitation energies applied alone. The 
excitation energies may be applied simultaneously, sequen 
tially, or in a temporally overlapping fashion. The chemical 
change in the composition may include, for example, break 
ing a bond betWeen tWo atoms of the composition and/or 
changing a kinetic parameter of a reaction involving the 
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composition. The composition may be a biomolecule (e.g., 
a protein or nucleotide), a crystal, or a complex of mol 
ecules. The set of excitation energies may comprise at least 
4, at least 10, or at least 36 excitation energies. The plurality 
of resonant structures may comprise a longitudinal vibra 
tional mode of a bond, a bending mode of tWo bonds to an 
atom, and/or a squashing mode of a plurality of bonds. 

[0015] The excitation energies may be electromagnetic 
beams, each of Which may have at least one characteristic 
selected from the group consisting of a selected set of 
frequencies, a selected set of phases, a selected set of 
amplitudes, a selected temporal pro?le, a selected set of 
polarizations, and a selected direction. The selected set of 
frequencies may be monochromatic, may comprise a plu 
rality of local maxima, may be Gaussian, or may comprise 
at least tWo frequencies having differing amplitudes. At least 
one of the electromagnetic beams may be coherent or 
incoherent. The temporal pro?le may be characterized by a 
selected beam duration, and/or by a selected change in 
frequency, modulation frequency, phase, amplitude, polar 
ization, or direction during a selected time interval. At least 
one electromagnetic beam may be polarized, amplitude 
modulated, or frequency modulated, and it may be, for 
example, an infrared beam. A plurality of electromagnetic 
beams may differ in frequency, modulation frequency, 
phase, amplitude, polarization, or direction, and/or may 
intersect at a target location. The method may include 
scanning at least one electromagnetic beam. 

[0016] The method may also include applying a ?eld to 
the medium, the ?eld preferentially orienting at least a 
portion of the group of proximate atoms. The ?eld may be, 
for example, an electric ?eld, a magnetic ?eld, an electro 
magnetic ?eld, a mechanical stress, a mechanical strain, a 
loWered or elevated temperature, a loWered or elevated 
pressure, a phase change, an adsorbing surface, a catalyst, an 
energy input, or a combination of any of these. 

[0017] The plurality of resonant structures may be in an 
arrangement having tWo end resonant structures and a center 
resonant structure, and may be resonated in a sequence 
beginning from the tWo end resonant structures and pro 
gressing toWards the center resonant structure (Which may 
be a temporally overlapping sequence). The composition 
may undergo a physical effect upon resonance of the center 
structure. The resonance of the center structure may break a 
predetermined bond betWeen tWo atoms of the composition. 

[0018] In yet another aspect, a method of selectively 
exciting resonant structures in a material comprises applying 
a ?rst excitation energy to the material to excite a ?rst 
resonant structure, thereby shifting a resonant frequency of 
a second resonant structure, and applying a second excita 
tion energy to the material to excite the second resonant 
structure at its shifted resonant frequency. In some cases, the 
excitation of the second resonant structure at its shifted 
resonant frequency may shift a resonant frequency of a third 
resonant structure, and the method may include applying a 
third excitation energy to the material to excite the third 
resonant structure at its shifted resonant frequency. The 
method may also include analogous shifting and exciting of 
at least 8 additional resonant structures, or of at least 34 
additional resonant structures, at their respective shifted 
resonances. The ?rst and second resonant structures may be 
at least portions of a molecule (e.g., a biomolecule such as 
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a protein or a nucleotide), a crystal, or a complex of 
molecules. The ?rst and second resonant structures may be 
longitudinal vibrational modes of tWo adjacent bonds, or of 
tWo nonadjacent bonds. At least one of the ?rst and second 
resonant structures may comprise at least tWo bonds, and/or 
may be a bending mode or a squashing mode. 

[0019] At least one of the ?rst and second excitation 
energies may be an electromagnetic beam (e.g., an infrared 
beam), Which may be amplitude modulated or frequency 
modulated. The method may include scanning the beam. At 
least one of the ?rst and second excitation energies may be 
a plurality of electromagnetic beams, Which may differ in 
polarization or orientation, and Which may intersect at a 
target location. 

[0020] In still another aspect, a method of characterizing 
a composition comprises determining a score specifying a 
series of differing energy inputs, and identifying the com 
position by the determined score. The differing energy 
inputs of the speci?ed series are selected to resonate each 
resonant structure, and application of the differing energy 
inputs selectively affects the composition. The score may 
have a physical effect on the composition such as transfer 
ring substantially more energy to the composition than to 
other material to Which the set of differing energy inputs is 
applied, breaking a predetermined bond betWeen tWo atoms 
of the composition, and/or changing a kinetic parameter of 
a reaction involving the composition. The score may be 
determined, for example, by determining resonant frequen 
cies by computational modeling or by spectroscopy, and/or 
by applying a plurality of sets of energy inputs to the 
composition and observing their effects. The method may 
further include applying the set of energy inputs to the 
composition. The composition may be a biomolecule, such 
as a nucleotide or a protein, and the score may specify as 

many as 4, 10, or 36 energy inputs. 

[0021] In a further aspect, a method of characterizing a 
target molecule or group of molecules in an environment 
comprises identifying a group of resonant structures Within 
the target and determining a score specifying a set of applied 
frequencies. Each resonant structure in the group possesses 
at least one characteristic resonant frequency, the character 
istic resonant frequency of a shiftable resonant structure in 
the group can be shifted by exciting a shifting resonant 
structure in the group, and the group of resonant structures 
is substantially absent from nontarget molecules in the 
environment. The applied frequencies of the score, When 
applied in sequence to the target, shift the characteristic 
resonant frequency of the shiftable resonant structure 
through excitation of the shifting resonant structure, excite 
the shiftable resonant structure at its shifted resonant fre 
quency, and selectively change the energy or state of at least 
a portion of the target relative to its environment. The 
method may further comprise applying the set of applied 
frequencies to the environment of the target molecule. The 
set of applied frequencies, When applied in sequence to the 
target, shift the resonance of and excite a plurality of the 
resonant structures at their respective shifted resonances. 
Determining a set of applied frequencies may include com 
putational modeling of the target, spectroscopically observ 
ing the target, and/or applying a plurality of sets of applied 
frequencies to the environment and observing their effects 
on the target. The target may comprise a biomolecule (e.g., 
a nucleotide or a protein). The identi?ed group of resonant 
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structures may include as many as 4, 10, or 36 resonant 
structures, and/ or may be contiguous Within a molecule. The 
shiftable resonant structure and the shifting resonant struc 
ture may or may not share an atom. 

[0022] In a still further aspect, an instrument for deter 
mining a score specifying a series of energy inputs having a 
physical effect on a target composition includes a test score 
generator, an energy input component, and a monitor. The 
test score generator selects a test score for application to the 
target composition. The energy input component applies the 
energy inputs speci?ed by the test score to the target 
composition. The monitor tests Whether the target compo 
sition has been physically affected by the application of the 
energy inputs speci?ed by the test score. The test score may 
comprise a set of energy input descriptors, each descriptor 
specifying frequency, modulation frequency, phase, ampli 
tude, temporal pro?le, polarization, direction, and/or coher 
ence. The test score generator may select a test score using 
a spectroscopic pro?le of the specimen, molecular modeling, 
a database of scores, and/or feedback from the monitor. The 
monitor may measure a property of the target composition 
such as energy levels, kinetic effects, structural changes, 
chemical activities, index of refraction, diffraction proper 
ties, optical absorption, and/ or temperature, and may include 
a thermal imager and/or a sensor that monitors an optical 
beam directed at the target composition. 

[0023] In yet a further aspect, a blood therapy device 
comprises an energy input component adapted to be placed 
on or in a human or animal body. The energy input com 
ponent directs a set of differing energy inputs toWards a 
blood vessel, Wherein they selectively resonate a plurality of 
resonant structures in a target composition in the blood. The 
blood therapy device may also include a monitor that 
observes effects of the resonance of the plurality of resonant 
structures. The resonance may modify or destroy the target 
composition (e.g., a virus, a biomolecule such as a protein, 
sugar, triglyceride, or cholesterol, and/or a pharmaceutical 
such as heparin). The energy input component may direct the 
set of differing energy inputs through the skin, and/or via an 
implanted energy transmission device such as an optical 
?ber. 

[0024] In an additional aspect, an instrument for deter 
mining a score specifying a series of energy inputs having a 
physical effect on a target composition comprises a model 
ing tool and a score generator. The modeling tool compu 
tationally determines resonant properties of the target com 
position based on its molecular structure and identi?es a 
series of energy inputs expected to selectively resonate 
resonant structures of the target composition. The score 
generator creates a descriptor of the identi?ed series of 
energy inputs, specifying frequency, modulation frequency, 
phase, amplitude, temporal pro?le, polarization, direction, 
and/or coherence. The descriptor is readable by an instru 
ment for applying the identi?ed series of energy inputs to a 
composition. 

[0025] In a further aspect, a chemical agent for therapeutic 
use comprises a composition having a characteristic set of 
proximate bonds selectively responsive to a predetermined 
series of energy inputs. The response of the composition to 
the predetermined series of energy inputs is selected from 
the group consisting of breaking one or more bonds of the 
composition, ablating material surrounding the composition, 
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heating material surrounding the composition, and reacting 
With material surrounding the composition. The chemical 
agent may have an af?nity for a selected substance or tissue 
in vivo, or be bound to a carrier having a similar af?nity. The 
predetermined series of energy inputs may include an energy 
input at a frequency to Which living tissue is substantially 
transparent, Which may be, for example, frequency modu 
lated or amplitude modulated. The energy inputs may be 
applied simultaneously, sequentially, and/or in a temporally 
overlapping fashion, and the series may comprise as many 
as 4, 10, or 36 energy inputs. 

[0026] A method of introducing an agent to a selected 
tissue may include placing the chemical agent in an animal 
or human body comprising the selected tissue and applying 
the score to the body. For example, the chemical agent may 
be introduced by injection into the tissue, by introduction 
into the body (e.g., orally, by injection into the bloodstream 
or the lymphatic system, or by inhalation) and accumulation 
at the tissue, and/or by placing a carrier bound to the 
chemical agent in the body. Application of the score may 
cause the chemical agent to ablate the surrounding tissue. 

[0027] In yet another aspect, a library of excitation energy 
speci?cations includes a structured data repository compris 
ing a plurality of score records. Each score record comprises 
descriptors for a plurality of energy inputs and a descriptor 
for an associated composition affected by the plurality of 
energy inputs, each energy input descriptor specifying fre 
quency, modulation frequency, phase, amplitude, temporal 
pro?le, polarization, and/or direction. The library may also 
include a search engine that alloWs a user to search for a 
score record, for example by composition, chemical struc 
ture, or energy input descriptor. The library may also include 
an input component that alloWs a user to add a score record 
to the structured data repository, or an output component that 
alloWs a user to doWnload a score record. The energy input 
descriptors and/or the score records may be stored in a 
tagged data ?le format such as XML. The score records may 
also comprise a descriptor describing the effect of the 
plurality of energy inputs on the composition. 

[0028] A method of screening for a composition in a 
medium may comprise accessing the library to locate a score 
for the composition, applying the energy inputs described by 
the energy descriptors of the located score to the medium, 
and observing the medium for reaction of the composition to 
the applied energy inputs. A method of exciting a compo 
sition in a medium may comprise accessing the library to 
locate a score for the composition and applying the energy 
inputs of the located score to the medium, Wherein the effect 
of the plurality of energy inputs is to excite the composition. 
This excitation may destroy the composition. 

[0029] In yet another aspect, a method of resonating a 
selected composition in a medium includes accessing a 
database of score records, selecting a score record from the 
database, and applying a series of differing energy inputs 
from the score record to the medium. Each score record of 
the database speci?es a series of differing energy inputs and 
a composition comprising a plurality of resonant structures, 
the differing energy inputs of the series being selected to 
resonate each resonant structure of the plurality of resonant 
structures of the composition. A score record may specify a 
plurality of compositions. The selected score record may 
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specify the selected composition, or may specify a compo 
sition having a common functional group With the selected 
composition. 

[0030] In yet still a further aspect, an instrument for 
exciting chemical compositions may include an interpreter, 
and an energy input component (e.g., a laser). The inter 
preter converts a score comprising a plurality of energy input 
descriptors into control instructions for the energy input 
component, Which directs energy input into a medium in 
accordance With the generated control instructions. Each 
energy descriptor may include a description of frequency, 
modulation frequency, phase, amplitude, temporal pro?le, 
polarization, direction, and/or coherence. The energy input 
component may include a beam control element (e.g., a 
re?ector, a polarizer, an optical ?ber, and/or a lens) that 
directs or modi?es the beam. The instrument may also 
include a score location component that selects a score to be 
converted by the interpreter. The score location component 
may select the score from a library of scores, each score of 
the library being associated With one or more compositions 
upon Which the score has a physical effect. Scores from the 
library may include a descriptor of the physical effect, and 
the library may be remote from the energy input component. 
The interpreter may include a controller that receives the 
score from a source. The instrument may also include a 

monitor in communication With the controller, and the 
controller may adjust the score converted by the interpreter 
in response to an observation by the monitor. 

[0031] The instrument may also include an input compo 
nent that alloWs a user to specify a score to be converted by 
the interpreter, and/or an input component that alloWs a user 
to specify a composition or structure and a lookup compo 
nent that determines a score that describes a set of energy 
inputs having a physical effect on the speci?ed composition 
or structure and passes the determined score to the inter 
preter for conversion. The lookup component may access a 
library of scores associated With composition(s), Which may 
be remote from the energy input component. The lookup 
component may present the score to the user for approval 
(e.g., visually or audibly) before passing it to the interpreter. 
Audible presentation may include mapping energy input 
frequencies to audible frequencies for playback to the user. 

[0032] In still a further aspect, a method of communicat 
ing score information to a user comprises selecting a ?rst 
score comprising a ?rst plurality of energy input descriptors, 
applying a selected mapping of the ?rst plurality of energy 
input descriptors to a ?rst plurality of user-perceivable 
signals, and presenting the ?rst plurality of user-perceivable 
signals to the user. The energy input descriptors comprise an 
attribute description of frequency, modulation frequency, 
phase, amplitude, temporal pro?le, polarization, direction, 
and/or coherence. The selected mapping may include map 
ping the attribute description to an audible tone (e.g., map 
ping energy frequency to tone frequency, energy duration to 
tone duration, and/or any attribute to timbre). The selected 
mapping may also or alternatively include mapping the 
attribute description to a visible signal (e. g., mapping energy 
frequency to a visible color, energy duration to a display 
location, and/or any attribute to shape). The method may 
further include selecting a second score, applying the map 
ping from the second plurality of energy input descriptors to 
a second plurality of user-perceivable signals, and present 
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ing the second plurality of user- perceivable signals to a user 
(e. g., concurrently With the presentation of the ?rst plurality 
of user-perceivable signals). 

BRIEF DESCRIPTION OF THE FIGURES 

[0033] FIGS. 1A, 1B, and 1C illustrate longitudinal, bend 
ing, and squashing modes, respectively, of resonant struc 
tures. 

[0034] FIG. 2 is a schematic representation of a four-note 
score. 

[0035] FIG. 3 illustrates hoW a frequency of one resonant 
structure may shift as another resonant structure is excited. 

[0036] FIG. 4 is a schematic representation of the response 
of a molecule to a series of energy inputs. 

[0037] FIG. 5 illustrates diagrammatically excitation to 
breakage of a bond in a linear molecule. 

[0038] FIG. 6 illustrates diagrammatically the application 
of multiple intersecting energy inputs to a target voxel. 

[0039] FIG. 7 is a schematic shoWing the application of an 
electric ?eld to align resonant structures in a medium. 

[0040] FIG. 8 is a schematic representation of an energy 
application method. 

[0041] FIG. 9 is a schematic representation of a device for 
applying energy according to a score. 

[0042] FIG. 10 is a schematic representation of a device 
With optional monitoring and feedback control for score 
application. 
[0043] FIG. 11 is a schematic representation of an appa 
ratus for generating score. 

[0044] FIG. 12 illustrates a system for introducing a 
chemical agent into a medium. 

[0045] FIG. 13 is a schematic representation of a library of 
excitation energy speci?cations. 

DETAILED DESCRIPTION 

[0046] The term “biomolecule,” as used herein, includes 
Without limitation proteins, peptides, amino acids, nucle 
otides, nucleic acids, carbohydrates, sugars, glycoproteins, 
lipids, viruses, prions, antibodies, and enZymes, and frag 
ments, derivatives, and modi?ed forms of any of these, and 
any other naturally-occurring or synthetic molecule or com 
plex of molecules that has a biological activity or that is 
effective in modulating a biological activity. 

[0047] The term “bond,” as used herein, includes Without 
limitation covalent, ionic, metallic, van der Waals, hydro 
gen, coulombic, and magnetic attractions, as Well as any 
other attractive force betWeen atoms or other particles. 

[0048] Resonant structures of molecules, crystals, and 
other compositions have one or more characteristic resonant 
frequencies, at Which they relatively e?iciently absorb or 
otherWise interact With energy applied at matching frequen 
cies. Spectroscopic techniques exploit these characteristic 
resonances to extract information about chemical structure 
and properties. For example, covalent bonds typically have 
a characteristic frequency of longitudinal vibration Which 
depends in signi?cant part upon the masses of the atoms 
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forming the bond and the strength of the bond (e.g., single, 
double, triple, etc). FIG. 1A shoWs a single covalent bond 
betWeen atoms B and C, Which may vibrate in such a 
longitudinal mode. Vibration of ionic bonds is similarly 
affected by the mass, atomic radius, and charge of the atoms 
involved. Resonant structures may also be formed by groups 
of bonds, e.g., in bending or squashing modes (shoWn in 
FIGS. 1B and 1C, respectively), each With its oWn charac 
teristic resonant frequency or frequencies. Crystals may 
exhibit resonances based on their periodic structures or other 
properties. Molecule complexes may have resonances that 
include hydrogen bonds or other attractions betWeen mol 
ecules of the complex. The characteristic frequencies of any 
of these structures may be shifted by a Wide variety of 
factors, including Without limitation the properties of adja 
cent bonds, the excitation state of the molecule or crystal, the 
presence of defects in a crystal (e.g., free surfaces that cause 
the resonant properties of “quantum dot” crystallites to 
depend on their siZe), stresses in the structure, electric or 
magnetic ?elds, or other factors that may in?uence the 
properties of the structure. Spectroscopy involves directing 
energy at a target, and examining the absorbed, transmitted, 
re?ected, and/ or emitted frequency spectrum to characteriZe 
the physical properties of the target. 

[0049] Methods are provided herein for directing energy 
inputs into a target to manipulate or otherWise interact 
selectively With its structures. In particular, a set of energy 
inputs analogous to a musical score may be identi?ed, Where 
different “notes” of the score transfer energy With spatio 
temporal selectivity to a target composition, for example by 
resonating different resonant structures. For scores having a 
su?icient number of notes, high speci?city may be obtained, 
for example Wherein compositions having all or most of the 
corresponding resonant structures are preferentially excited 
by “playing the score” to the target composition. Even for 
“short” scores, energy may be e?iciently transmitted to a 
target composition that matches most or all of the resonances 
identi?ed by the score. Notes as used in this description are 
not limited to representations of frequency. Notes may also 
represent, Without limitation, amplitudes, polarizations, 
phase components, gradients, or other characteristics of 
input energies. While resonance is an exemplary method of 
transferring energy that can provide spatio-temporal control 
or other selectivity as discussed beloW, scores may also 
include energy inputs that transfer energy to molecules in a 
nonresonant fashion. For example one or more optical 
beams, coherent optical pulses, or other controllable inputs 
can transfer energy selectively to particular portions of a 
molecule and/or at particular times. 

[0050] In one aspect, the scores may be used to charac 
teriZe or identify compositions, as an alternative nomencla 
ture to conventional chemical composition and structure 
notation. Digital or analog processing, visually presenting, 
or otherWise processing or treating the scores may indicate 
or reveal into similarities betWeen compositions that are less 
readily identi?ed using conventional nomenclature. 

[0051] Scores having desired effects on particular compo 
sitions may be determined by a variety of methods. One 
starting point for determining a score may be to examine a 
spectrogram of a composition of interest, since the spectro 
gram re?ects certain resonant responses of the composition. 
Alternatively, resonances may be calculated by computa 
tional methods. Scores may also be determined and/or 



US 2007/0021927 A1 

re?ned on an empirical basis, using “trial and error” 
approaches, inferential approaches, observations of trends or 
other empirical approaches. Typically, such approaches 
Would include applying a candidate score, a portion of a 
candidate score, or a selected set of notes to a composition 
and observing the corresponding effects, such as energy 
absorption, polariZation changes, chemical reactions, optical 
characteristics, vibrations, stresses, changes in electrical or 
magnetic properties, or other effects. The score, portion of a 
score, or notes may be applied at an amplitude level that may 
differ from the level to be used in applying the determined 
score at a later time. For example, a sample note may be 
applied at a signi?cantly higher amplitude as part of the 
characterization than may be appropriate for later applica 
tions. 

[0052] Scores may have a diverse set of potential effects 
on various compositions. A score may resonate a particular 
bond in a molecule to breakage, for example, or it may 
change a kinetic parameter of an affected composition or 
cause local heating in the vicinity of the composition. In 
some embodiments, the scores can act as a form of energy 
catalyst, preferentially shifting the kinetics of selected 
chemical reactions. For example, a score could alter the 
kinetics of a chromatography column, causing a reactant to 
bind or to unbind in response to an applied score. Similarly, 
a score may alter the migration rate of composition during 
an electrophoresis process. In this approach, the score may 
be used to separate stereoisomers during electrophoresis. 

[0053] Other embodiments include selectively destroying 
a contaminant or other unWanted composition, such as 
removing an undesirable metabolic product (e. g., beta-amy 
loid plaques in AlZheimer’s disease patients, gallstones, or 
kidney stones), a contaminant (e.g., accumulations of 
tobacco residue in the lungs), a therapeutic agent not desir 
able for long-term use (e.g., heparin from the blood of 
dialysis patients doWnstream of the dialysis unit), or cell 
type (e.g., cancerous cells) from living tissue, breaking 
doWn pollutants in a smokestack, or selectively destroying 
viruses, either in vivo or in vitro. Still other embodiments 
include selective repair of biomolecules, e.g., repair of 
thymine dimers or breaks in the DNA molecule. Unbound 
base pairs could be speci?cally excited, or DNA could even 
be intentionally further damaged in a Way selected to trigger 
the body’s oWn DNA repair mechanism. 

[0054] An arrangement of inputs that form a score may be 
analogiZed to a musical score to aid in understanding some 
of the aspects. For example, in one approach a score 
speci?es a set of discrete energy inputs, that may be in 
sequential, parallel, or other arrangements. These inputs 
may be speci?ed in terms of frequency, modulation fre 
quency, phase, amplitude, temporal pro?le, polarization, 
direction, and/or coherence. The set of energy inputs may be 
played in the form of a “melody” (in Which each energy 
input ends before or as the next begins), in the form of a 
“chord” (in Which all the energy inputs begin and end 
together), or in a more complex structure, Which may 
include one or more overlapping energy inputs. In addition, 
the speci?cations for frequency, modulation frequency, 
phase, amplitude, polariZation, direction, and/or coherence 
may change over the duration of an energy input. In some 
embodiments, the energy inputs are electromagnetic beams, 
such as infrared, visible or ultraviolet beams. The electro 
magnetic beams may be frequency, phase, amplitude, polar 
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iZation, pulse Width, or otherWise modulated. Such modu 
lation may be applied to the base frequency of the 
electromagnetic beam or may be applied to a beam enve 
lope. In another approach that may be applied independently 
or in conjunction With the previously described approaches, 
tWo or more beams may provide more ?exibility in supply 
ing energy to a selected location, locations, or structures, at 
frequencies, spatial selectivities, or other parameters, than 
single source approaches. In one exemplary approach pairs 
(or larger sets) of inputs can produce beat frequencies, 
harmonics, interference patterns, or other con?gurations. In 
some such con?gurations and/or combinations, the energy 
inputs may have frequencies differing from the resonant 
frequencies of the resonant structures, and yet interact 
appropriately With the molecules. 

[0055] While the previously described approaches have 
been exempli?ed in terms of additive combinations of 
energy inputs, in some embodiments, a portion of the series 
of energy inputs may interact With structures to negate, e. g., 
by damping or cancellation, rather than enhance, vibrations 
or other interactions With certain resonant structures. Alter 
natively or in addition, a structure to Which it is desired not 
to transfer energy may be “deactivated” before, or together 
With, applying an energy input. For example, the response of 
the structure may be “deactivated” or otherWise reduced by 
temporarily bonding it to another structure that changes its 
resonant frequency or absorbs vibrational energy. In other 
approaches, locally heating the structure, applying a mag 
netic or electric ?eld, or applying a local or vector stress or 
pressure, or otherWise interacting With the structure can 
change its resonance, or otherWise reduce its response. 

[0056] When an application of a score involves affecting 
compositions in a medium (such as but not limited to living 
tissue), the score may include electromagnetic energy inputs 
in frequency ranges that penetrate the medium. For example, 
Where a material is contained Within a container, the fre 
quencies may be selected Where the container is transmis 
sive, yet, the material is responsive. If desired, suitable 
modulation or beat frequencies may then be used to resonate 
the resonant structures of the composition. 

[0057] A schematic of a four-note score illustrating these 
changes is shoWn in FIG. 2. Energy inputs I 1 and I2 overlap 
in time, With I 1 beginning before I 1 begins and ending before 
I2 ends. II has a decreasing amplitude With time, While the 
amplitude of I2 is substantially constant. I3 and I4 begin at 
substantially the same time, but I3 terminates before I4. The 
amplitude of I3 increases With time While maintaining a 
constant frequency, While the amplitude of I4 stays constant 
With time While the frequency decreases. Phase, polariZa 
tion, direction, and coherence are not speci?ed in FIG. 2, but 
each of these properties may similarly change With time 
Within a single energy input, or differ from one energy input 
to another. In particular, phase control betWeen multiple 
beams may provide spatial, temporal, or other speci?city 
that can provide selectivity in resonating only certain struc 
tures Within a molecule or in targeting molecules having a 
certain orientation or position. Morevoer, polariZation of the 
energy inputs may be useful in distinguishing molecules on 
the basis of chirality, for example to excite only molecules 
having a desired chirality. One skilled in the art Will recog 
niZe that other combinations, including more complex 
energy inputs may be implemented. For example, frequency 
and amplitude of an energy input may both be varied. As 
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another example, the frequency and/or amplitude of an 
energy input may be increased during one time interval and 
decreased during another. As still another example, an 
energy input may be “chopped” to provide a sequence of 
energy input components. Several other approaches to vary 
ing amplitude, frequency, duration or other characteristics of 
the energy inputs may also be implemented according to 
design and response characteristics of a given application. 

[0058] In the speci?c exemplary case Where the score is 
targeted to a speci?c molecule (such as a biomolecule or 
macromolecule) or a set of molecules, the energy inputs of 
the score Will generally correspond to enough resonant 
structures in the target molecule to distinguish it from other 
molecules in its environment (as discussed above, the energy 
inputs may, but need not, have the same frequencies as the 
resonant structures to Which they correspond). Since most or 
all of the energy inputs Will resonate the target molecule, 
While only a subset of the energy inputs Will resonate other 
molecules sharing some but not all of the resonant structures 
of the target, the target Will absorb enough energy from the 
score to distinguish it. This effect may cause, for example, 
local heating in the area of the target molecule, breaking one 
or more bonds in or to the target molecule, or changing a 
kinetic parameter of a reaction involving the molecule. 

[0059] In many cases, characteristics of systems including 
one or more atoms and corresponding bonds may be con 
sidered independently. In other applications, it may be 
appropriate to analyZe, compensate for, adjust for, or other 
Wise consider shifts or changes in characteristics of a ?rst 
system including one or more atoms responsive to interac 
tion With a second system having one or more atoms or of 
energy input to the ?rst system of one or more atoms. 

[0060] For example, one can identify shifts in the resonant 
longitudinal vibrational frequency of one or more atomic 
bonds as a result of optical poWer input, as described in for 
example, in AndreWs and Crisp, “Laser-Induced Vibrational 
Frequency Shift,” bearing a date of 25 Feb. 2005 and 
available at http://xxx.lanl.gov/ftp/physics/papers/0502/ 
0502l36.pdf, Which is incorporated by reference herein and 
is appended hereto. This effect may be used to tailor the 
transfer of energy to a molecule, by adjusting the excitation 
frequency to match the shift as the vibration increases. 

[0061] FIG. 3 illustrates hoW the frequency of one reso 
nant structure may shift as a nearby resonant structure is 
excited. When inputs R1 and R2 are separately applied (solid 
lines), they resonate structures at frequencies fl and f2. 
HoWever, When the structures are coupled in a particular 
composition, the application of input Rl may shift the 
resonant frequency f2 to f2‘. Thus, that composition may be 
more ef?ciently excited by resonating With input R1 and an 
input R2‘ that is frequency shifted relative to input R2. In a 
similar approach, the frequency of one resonant structure 
may shift as the resonant structure is subjected to other 
in?uences, such as temperature changes. The energy inputs 
may be varied to accommodate such variations in a similar 
fashion. 

[0062] FIG. 4 illustrates schematically hoW a score may be 
used to selectively excite a particular molecule suf?ciently 
to break a bond, Which can destroy the molecule. As shoWn, 
inputs I1, I2, I3, and I4 are applied to the composition in a 
sequence Which may include temporal overlap. Input Il 
excites a ?rst resonant structure, adding energy to the 
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molecule. As each additional input excites its oWn respective 
resonant structure in the molecule, the energy added 
increases as shoWn, until I4 drives the vibration past the 
breaking strength for a bond (shoWn schematically as dashed 
line 10). Each of the individual inputs may be insufficient 
alone to destroy the molecule, but acting in concert, they do. 
Where the energy to break the bond is higher than that Which 
Would be provided by a combination of less than all four 
inputs (assuming no increase in the amplitudes of the 
individual inputs), only molecules having the four resonant 
structures in suf?cient proximity Will experience the break 
ing of the bond (it Will of course be understood that this 
technique is not limited to scores specifying exactly four 
inputs, but that it may be applied With as feW as tWo inputs 
or as many as appropriate to achieve the ?nal effect). 

[0063] This selectivity can be further enhanced by exploit 
ing frequency shifts as discussed above, to more selectively 
interact With molecules Whose resonant structures are 
responsive to the shifted frequencies. Note that the effect of 
combining respective inputs to provide cumulative energy 
input is not limited to breaking bonds as presented in this 
exemplary embodiment. For example, the approach 
described herein may also be used to alter kinetic parameters 
or to achieve any other desired chemical, physical or other 
effect. 

[0064] FIG. 5 illustrates another scenario in Which a bond 
in a molecule having a substantially linear portion can be 
excited to breakage. As shoWn, the molecule includes a 
chain of atoms A, B, C, D, E, and F. Initially, respective 
inputs excite the A-B and E-F, causing secondary excitation 
and/or frequency shifting of adjacent bonds B-C and D-E. 
Subsequent inputs excite the adjacent bonds B-C and D-E. 
The excitations of the bonds B-C and D-E causes a further 
excitation and/or frequency shift of center bond C-D. The 
cumulative effect of the inputs to bonds A-B, B-C, D-E, E-F 
excites bond C-D. In some applications, the cumulative 
excitation of bond C-D from the adjacent bonds is suf?cient 
to break bond C-D. In some cases, additional excitation 
directed at bond C-D is combined With the cumulative 
excitation of bond C-D from the adjacent bond to produce 
the intended result, such as severing the C-D bond. Of 
course, the technique is not limited to molecules having the 
simple linear structure shoWn in FIG. 5, but can be applied 
to any composition in Which tWo sequences of resonant 
structures can be identi?ed that lead to a common center. 

[0065] In addition, it may not be necessary to actively 
excite all of the bonds or other structures along the path to 
the common center. For example, the excitation of the A-B 
and E-F bonds shoWn in FIG. 5 may be suf?cient to cause 
secondary excitation of the B-C and/or D-E bonds Without 
additional energy inputs. In this Way, energy inputs targeted 
to remote structures A-B and E-F may propagate along the 
molecule, meeting to cause a desired effect at targeted center 
structure C-D. In such embodiments, the targeted bond need 
not be exactly at the midpoint betWeen the remote structures 
as shoWn in FIG. 5; the timing of the excitation of the remote 
structures may be adjusted to determine a desired “meeting 
point” for the propagated excitations. 

[0066] Moreover, depending upon the amount of energy 
and the particular characteristics of the bonds and atoms, the 
inputs to excite the various bonds may be applied substan 
tially simultaneously, may be applied at times that only 
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overlap partially, or that are non-overlapping. Further, cer 
tain resonant structures may be “rung up” and “rung doWn” 
in a multi-step process by applying excitation and anti 
excitation (e.g., damping or canceling) energy inputs as 
discussed above. Controlling the relative timing, intensities, 
orientations, or other characteristics of the plurality of 
energy inputs according to the ring up response, or other 
transient response characteristics of the resonant structures 
can increase the selectivity, e?iciency, or other parameters of 
energy transfers to or from the resonant structures. Such 
techniques may also be useful to create intermediate struc 
tures or effects, analogous to the creation of intermediate 
structures in a multi-step chemical synthesis or reaction. 

[0067] For certain compositions, transfer of energy to the 
resonant structures Will be a function of the orientation of the 
resonant structure relative to the direction of the energy 
input. FIGS. 6 and 7 illustrate tWo embodiments that alloW 
this relative orientation effect to be exploited. 

[0068] In FIG. 6, three energy inputs I1, I2, and I3 from 
different directions converge at a target location (voxel) 
Within a medium containing direction-dependent resonant 
structures. Since the energy inputs come from different 
directions, they each a?‘ect resonant structures in a different 
orientation. By selecting an appropriate number of energy 
inputs in different directions, an arbitrarily high percentage 
of the target resonant structures can be affected by the 
beams. These energy inputs need not be simultaneously 
applied from separate sources, as shoWn in FIG. 6; they may 
also be applied by a single source, Where either the source 
or the target material is rotated in order to change the 
effective direction of the energy input, or Where the single 
source is redirected by means of re?ectors, beam splitters, 
optical ?bers, applied ?elds, or other knoWn energy direct 
ing elements. In addition, the energy input(s) may be 
scanned relative to the material to affect a plurality of voxels 
Within the material. Further, multiple energy inputs need not 
alWays intersect as shoWn in FIG. 6, but may be indepen 
dently directed according to the needs of a particular appli 
cation. The plurality of energy inputs shoWn may have either 
the same or differing frequency, phase, amplitude, temporal 
pro?le, polarization, and/or coherence, depending on the 
needs of the particular application. Multiple energy inputs 
may also be used even With non-direction-dependent struc 
tures, for example in order to overcome scattering Within the 
medium. Where a plurality of inputs excite a given voxel, 
from differing locations or orientations, the excitation in the 
voxel may exceed that of locations outside of the voxel, 
thereby alloWing selective excitation of the voxel at a 
selected level. 

[0069] In another aspect, shoWn in FIG. 7, an additional 
in?uence can activate, orient, or otherWise in?uence reso 
nant structures 20 to interact appropriately With resonant 
inputs. In the exemplary approach of FIG. 7, an electric ?eld 
applied to the target material aligns resonant structures 20 
prior to application of an energy input. While the exemplary 
embodiment employs an electric ?eld to in?uence the reso 
nant structures, any applied ?eld that tends to affect the 
interaction of the resonant structures With the energy input 
may be applied, including Without limitation a magnetic 
?eld, an applied mechanical stress, a loWered or elevated 
temperature or pressure, a phase change, introduction of an 
adsorbing surface or catalyst, or the application of another 
energy input. Rotating a number of resonant structures into 
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a knoWn orientation may alloW more e?icient excitation, a 
simpler con?guration, or a reduced number of energy inputs 
(e.g., only I 1 as shoWn in FIG. 7) to resonate the resonant 
structures appropriately. As previously described in refer 
ence to FIG. 6, the applied energy input(s) may be scanned, 
rotated, or otherWise adjusted relative to the material. In 
addition, the applied ?eld itself may be scanned, rotated, or 
otherWise adjusted relative to the target, for example by 
movement or rotation of the ?eld or by movement or rotation 
of the target. 

[0070] FIG. 8 shoWs schematically a method of applying 
energy. A suitable score is selected by any of a variety of 
methods, some of Which are detailed herein, and then energy 
is applied to a target in conformance With the score. The 
score speci?es a plurality of energy inputs that apply the 
energy. The energy may, for example, be applied in the form 
of one or more electromagnetic beam(s), in Which case the 
score may specify frequency, modulation frequency, phase, 
amplitude, temporal pro?le, polarization, and/or coherence 
for the beam(s). 

[0071] FIG. 9 shoWs schematically a device for applying 
energy in accordance With a score. Interpreter 30 accepts a 
score Which speci?es a plurality of energy inputs. The 
interpreter may include an electronic controller 31 that can 
receive the score from a source 33, such as a database or 

library (e.g., the library described beloW With reference to 
FIG. 13), a feedback system (e.g., the feedback system 
described beloW With reference to FIG. 10), a score genera 
tor (e.g., the modeling tool described beloW With reference 
to FIG. 11) or other source of a score. The source 33 may be 
Within or integral to the interpreter 30, or external to or 
remote from the interpreter 30. 

[0072] Additionally, the source 33 may be located proxi 
mate to the interpreter, may be separate from the interpreter, 
or may be distributed. In one example, the source may be 
implemented logic or circuitry that also includes logic or 
circuitry that forms a part of the interpreter. In one example 
of a distributed source, a remotely located component, such 
as a central database, provides information relative to the 
score that is converted by a local component, such as a 
computer, to data appropriate for use by the interpreter 30. 
Alternatively, the information relative to the score may be 
converted by the electronic controller 31 Within the inter 
preter, or may be provided to the interpreter in a format not 
requiring conversion. 

[0073] The energy application device may also include a 
score location component (not shoWn), Which may select a 
score for conversion by the interpreter, for example from a 
library of scores, or a score input component (not shoWn) 
that accepts a score from a user. In other embodiments, an 
input component may accept an input composition or struc 
ture (e.g., from a user), and return a score that has an effect 
on the accepted composition or structure or on a portion of 
the accepted composition or structure, to the interpreter. In 
some embodiments, the input component may then present 
the returned score to the user for approval before passing it 
to the interpreter. 

[0074] The presented returned score may be represented to 
the user visually in a variety of manners. For example, the 
score may be presented graphically as a spectrographic 
representation, a dynamic model, a spreadsheet, or other 
user perceivable representation. The representation may also 
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include additional information, such as a visual representa 
tion of a different score. Such presentation may provide a 
visually perceivable contrast to the user, for example by 
highlighting energy inputs that are added, subtracted, or 
modi?ed in one score relative to another. 

[0075] In another approach, the score may be presented 
audibly to the user. In such a case, each note of the score may 
be converted to a corresponding audible note that the user 
can detect. In some cases, it may be appropriate for the 
correspondence betWeen the notes of the score and the 
presented audible notes to be established according to a 
standardiZed protocol. This can aid a user in detecting 
patterns and deviations from such patterns by identifying 
“off-key” audible notes. In one such protocol, a range of 
frequencies of the input energies can map to a range of 
audible frequencies, in a linear, logarithmic, or other map 
ping, such that increases in the input energy frequency can 
be represented as increases in the audible frequency. More 
over, intensities or amplitudes may also be mapped to 
provide audible indications of the amplitudes of the notes in 
the score. One skilled in the art Will recogniZe that other 
types of mapping or correlations may also be applied. For 
example, the frequency mapping may be inverted, the vari 
ous input frequencies may be mapped into subsets of fre 
quencies (e.g., ranges of input frequencies mapped to 
selected octaves of the audible frequencies), or other types 
of audible presentations may be developed. Further, in 
addition to, or in lieu of, a signal audible to a user, the score 
may be mapped to an acoustic signal detectible by an 
acoustic receiver that can act as a monitor of the score 

components. 

[0076] In another aspect, the information representing the 
score may be compressed or encrypted according to knoWn 
techniques. The interpreter may accept an authorization 
(e. g., a decryption key or authorization code) or may decom 
press the information to produce a more complete represen 
tation of the score before continuing the process, as 
described beloW. 

[0077] The interpreter converts the score into appropriate 
control instructions for an energy input device 32 (e.g., a 
laser). The energy input device applies the energy inputs 34 
to a target 36. The energy input device may apply energy 
using either a single or a plurality of beams (e.g., an array 
of lasers). The energy input device may further comprise 
optional elements 38 that direct and/or modify the beam 
(e.g., re?ectors, polariZers, optical ?bers, lenses, and/or 
other optical coupling elements). 

[0078] FIG. 10 shoWs schematically a device With 
optional monitoring and feedback control for score applica 
tion. A score generator 40 (Which may include, for example 
and Without limitation, a database of scores, a molecular 
modeling device that determines resonant frequencies, a 
database of spectrographs, or another source of scores as 
described herein) provides a score to an energy input com 
ponent 42. The energy input component applies energy 
inputs to a target 44 as speci?ed by the score. In addition, a 
monitor 46 may observe the effect on the target of the 
applied energy inputs. In embodiments in Which a monitor 
is present, it may optionally provide feedback to the score 
generator, Which may then provide a neW or adjusted score 
to the energy input component in response to the observa 
tions of the monitor. The monitor may be of a type that 
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identi?es energy levels, kinetic elfects, structural variations, 
chemical variations or any other appropriate variation in the 
target 44. For example, thermal imaging can provide an 
indication of thermal buildup in the target. In another 
example, an optical beam may pass through or be re?ected 
from the target. As is knoWn, in some materials, the optical 
transmission or re?ection properties (e.g., index or refrac 
tion, di?fraction phenomena, or absorption) can be a function 
of stresses, thermal effects, or other effects that may be 
induced by the input component 42; the monitor uses the 
optical beam to detect these changed properties, revealing 
the effects induced by the input component. 

[0079] In biological applications, scores may be used for 
diagnostic and/or therapeutic purposes. For example, in 
embodiments involving the treatment of blood, a monitoring 
device may be placed over a blood vessel (e.g., in the Wrist 
or on the earlobe), continually monitoring and/or altering 
blood chemistry as blood ?oWs close to the skin. Altema 
tively, a ?ber optic cable or other physical device for energy 
transmission may deliver energy impulses deeper into the 
body. In either case, a substantial portion, or even all, of the 
entire volume of blood of a patient can be treated in a 
relatively short amount of time as the blood circulates 
through a targeted vessel. The monitoring device may, for 
example, observe and/or chemically modify proteins in the 
blood. In another embodiment, the monitoring device may 
continuously monitor blood components such as sugars, 
triglycerides, or cholesterol, and optionally moderate their 
levels if they pass a threshold. 

[0080] FIG. 11 shoWs schematically an apparatus for 
generating scores based on computational modeling of reso 
nant structures. A modeling tool 50 generates a model of a 
structure (e.g., a molecular model of a chemical composi 
tion, or a quantum mechanical model of the energy levels of 
a quantum dot) in order to determine its predicted reso 
nances. A score generator 52 then incorporates the predicted 
resonances into a score. The generated score may be passed 
to an energy input instrument. 

[0081] FIG. 12 shoWs schematically a system for intro 
ducing a chemical agent into a medium, Which may in some 
embodiments be used for therapeutic purposes. As shoWn, 
the chemical agent comprises a composition 60 bound to an 
optional carrier 62, Which is located Within a medium 64. 
Energy input device 66 applies a score to the medium. In 
some embodiments, this score is selected to sever the bond 
betWeen the composition and the carrier, thereby releasing 
the composition into the medium. In other embodiments, the 
applied score activates the composition directly, for example 
by breaking one or more bonds of the composition, ablating 
material surrounding the composition, heating material sur 
rounding the composition, or reacting With material sur 
rounding the composition. In some embodiments, these 
techniques may be used to deliver a catalyst or other 
chemical agent to di?icult-to-reach areas. For example, a 
cleaning or recharging agent could be dispersed throughout 
a Water treatment system in an inert form, and then rendered 
active by application of a score to the Whole system. Such 
an embodiment may in some cases alloW more uniform 

application of the cleaning or recharging agent, particularly 
in high-surface-area systems Where a reactive agent may be 
di?icult to disperse throughout the system. 

[0082] For use in vivo, the optional carrier or the compo 
sition may have an a?inity to a selected substance or tissue, 






