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METHOD FOR PHONON ASSISTED
CREATION AND ANNIHILATION OF
SUBSURFACE ELECTRIC DIPOLES

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

The mvention described herein was made by an employee
of the United States Government and may be manufactured

and used by or for the Government of the United States of 0

America for governmental purposes without the payment of
any royalties thereon or therefore.

OVERVIEW

The present disclosure relates to remote object 1dentifi-
cation and characterization, and more particularly to sensors
for identification and characterization using electrostatic
charging and electric potential changes.

Characterization of remote hidden objects may be per-
formed using ultrasonic, eddy current, x-ray radiography,
thermal, neutron radiography, terahertz imaging, and micro-
wave based technologies. These inspection technologies
work well when there are voids, inclusions, disbonds,
cracks, or large changes in density or dielectric properties of
the hidden object. However, these 1mspection technologies
generally fail to be adequate when there are subtle changes
in dielectric or electric properties of a hidden object, mate-
rials of a hidden object and the surrounding structure hiding,
the hidden object are of similar densities, very thin materials
make up the hidden object, and for complex or hybrid
structures hiding a hidden object.

SUMMARY

One or more embodiments of the present disclosure
provide systems and methods to dynamically create and
annihilate subsurface electric dipoles having variable
strength and varniable alignment. The ability of various
embodiments to create, annihilate, and control subsurface
dipoles may be a useful technology for wide variety of
applications including the nondestructive testing of mater-
als and structures, for generating and receiving directed and
omni-directional variable amplitude and frequency trans-
mission waves without the need for conductive antennas, for
phonon to electromagnetic power conversion, for materials
and manufacturing process control, atomic and nanoparticle
alignment, and for control and utilization as medical thera-
pies.

One or more embodiments of the present disclosure may
provide systems and methods for characterizing objects,
including a phonon generation source, and an imaging array,
such as an electric potential imaging array or an electric field
imaging array, wherein the phonon generation source 1s
configured to propagate phonons into an object comprising
two materials while the imaging array generates one or more
clectric potential 1images of the object from which electric
field components may be determined and 1maged.

These and other aspects of the present disclosure will be
turther understood and appreciated by those skilled in the art
by reference to the following specification, claims, and
appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A1s a block diagram 1llustrating triboelectric charg-
ing of dissimilar materials, consistent with one or more
embodiments of the present disclosure.
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FIG. 1B 1s a block diagram showing the electric charges
of a created dipole of FIG. 1A, consistent with one or more

embodiments of the present disclosure.

FIG. 2 1s a graph of dipole field orthogonal components,
consistent with one or more embodiments of the present
disclosure.

FIG. 3A illustrates an embodiment system for phonon
assisted creation and annihilation of variable strength and
variable alignment subsurface electric dipoles, consistent
with one or more embodiments of the present disclosure.

FIG. 3B 1s a graph of an electric potential waveform at a
point, consistent with one or more embodiments of the
present disclosure.

FIGS. 4, 5, and 6 1llustrate example electric dipole fields
that may be generated according to one or more embodi-
ments of the present disclosure.

FIG. 7 1llustrates an example antenna system, consistent
with one or more embodiments of the present disclosure.

DETAILED DESCRIPTION

Aspects of the present disclosure address challenges
including those discussed above, and may be applicable to
a variety of applications, devices, systems, and methods for
identifying and characterizing hidden objects. These and
other aspects of the present disclosure are exemplified 1n a
number of implementations and applications, some of which
are shown 1n the figures and characterized in the claims
section that follows. It should be noted that the figures may
not be drawn to scale and that the elements of similar
structures or functions are represented by like reference
numerals throughout the figures. It should be noted that the
figures are only intended to facilitate the description of the
teatures. They are not imntended as an exhaustive description
of the disclosed embodiments or as a limitation on the scope
of the claimed invention. In addition, a disclosed embodi-
ment need not have all the aspects or advantages shown or
described herein. An aspect or an advantage described 1n
conjunction with a particular embodiment 1s not necessarily
limited to that embodiment and can be practiced 1n any other
embodiments even 1 not so illustrated.

Some 1nspection technologies, such as ultrasonic, eddy
current, x-ray radiography, thermal, neutron radiography,
terahertz 1maging, and microwave based inspection tech-
nologies, may not be sensitive to triboelectric properties.

The electric potential and field emanating from subsurface
triboelectrically charged objects maybe quantitatively char-
acterized and 1maged, for example, using physical contact
with objects of interest or by charge 1njection to characterize
subsurface materials. The various embodiments extend elec-
tric potential and field quantitative characterization and
imaging to provide the capability to remotely dynamically
create and annihilate subsurface electric dipoles having
variable strength and wvariable alignment. The various
embodiments may allow for interrogation of subsurface
bonded components and determination of the quantitative
degree of bonding. The ability to create, anmhilate, and
control subsurface dipoles may be a usetful technology for
wide variety of applications. Some example applications
include, the nondestructive testing of materials and struc-
tures, tagging of subsurface material components, for gen-
erating and receiving directed and omni-directional variable
amplitude and frequency transmission waves without the
need for conductive antennas, phonon to electromagnetic
power conversion, materials and manufacturing process
control, atomic and nanoparticle alignment, and control and
utilization as medical therapy. One or more embodiments
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may generate variable strength subsurface electric dipoles
using phonon excitation. Some various applications of the
one or more embodiments generate variable strength sub-
surface electric dipoles using phonon excitation and may
include as an mspection method and/or may be applied for
use as a therapeutic technology.

Electric dipoles may be used by transmission antenna
systems and electric microphones. There has been limited
work trying to control electric dipoles affecting the build-up
of nano-structures 1n electronic systems. However, these
activities do not address the concept of generating dipoles 1n
place or 1n an ephemeral manner. One or more embodiments
provide a method of generating or creating dipoles in
regions of interest for a specified purpose and then these
dipoles are annihilated by the host material. One of more
embodiments may also provide a method for generating the
dipoles based on phonon-surface potential interactions
leveraging the triboelectric aflinity of materials. In some
embodiments, observation and control of the created dipoles
allow dipole field to be measured and made visible using
clectric potential and/or electric field 1maging technology.
By varying the amplitude of the phonon the subsurface
bonded, partially bonded, and/or, 1n contact but not neces-
sarily bonded, systems are uniquely and quantitatively char-
acterized for bonding potentials.

The various embodiments may be usetful for wide variety
of applications mcluding, for example, nondestructive test-
ing of materials and structures, for generating and receiving
directed and omni-directional variable amplitude and fre-
quency transmission waves without the need for conductive
antennas and having dimension several orders of magnitude
smaller than existing antennas, for phonon to electromag-
netic power conversion, for materials and manufacturing
process control, for control of atomic and nanoparticle
alignment 1n nanosystems, for control and utilization as
medical therapy, and/or for quantitatively characterizing
subsurface bonding potentials in complex materials.

FIG. 1A1s a block diagram 1llustrating triboelectric charg-
ing ol dissimilar materials 101 and 102. When two surfaces
101 and 102s of dissimilar maternials, 101 and 102 respec-
tively, come into momentary contact or near contact to
produce an interface 106, electric charges or free carriers are
exchanged so that surface 101s of material 100 takes on an
clectrical charge and the surface 102s of matenial 102 takes
on an opposite charge. The degree to which maternials take on
an electrical charge 1s identified by the triboelectric athnity
of the maternials in momentary contact. This process 1is
commonly referred to triboelectric charging. Triboelectric
charging 1s a major contributor to electrostatic discharge.
Materals used herein may be formed from matenals that do
not support surface charges, both bound and unbound, or
images charges. The materials may be triboelectrically neu-
tral, have a low electric susceptibility, and may be electri-
cally non-conductive.

While illustrated as solid dissimilar materials 101 and 102
in momentary contact or near contact, the materials 101 and
102 may have other characteristics. For example, the sur-
faces 101s and 1025 need not be solid. As another example,
the time 1n contact or near contact may not be momentary.
As Tfurther examples, materials 101 and 102 and their
surfaces may not be dissimilar and that interface 106 may be
established even when material 101 and 102 are originally
identical. As another example, material 101 and material 102
may be the same bulk material where a separation interface
106 1s created, for example as fatigue crack or other inter-
face 106, between the two materials 101 and 102 at some
time.
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After triboelectric charging, for example, a positive
charge 103 is on the surface 101s of material 101 and at a

distance AZ, from the surface 102s and a negative charge
104 1s on the surface 102s of material 102. The distance AZ
1s often macroscopic, for example, as one demonstrates
triboelectric charging by rubbing a glass rod with a silk
cloth. When looked closely at the triboelectric process, and
at very small distance AZ . being of atomic dimensions, an
clectric dipole 107 1s created with an electric field strength
(dipole moment) that 1s proportional to the charge “q”
(charges 103 or 104) and distance AZ . The electric charges
103 and 104 of a created dipole 107 are graphically shown
in FI1G. 1B with the dipole electric field lines shown over the
materials 101 and 102. Although only one dipole 107 1s
graphically shown many dipoles may exist simultaneously.
By varying the distance, or the charge “q”, the electric field
strength of the dipole 107 1s varied. For slowly varying
distance AZ ., the electric field of the dipole 107 1s electro-
static or quasi-static. For rapidly varying distance AZ,, the
clectric field of the dipole 107 1s electrodynamic. When the
distance AZ , goes to zero, the dipole 107 may be annihilated
as the charges return to their host materials 101 and 102. The
clectric potential and electric field emanating from a dipole
107 1s a function of distance and angular orientation. Refer-

ring to FIG. 2, the dipole field orthogonal components at any

point at the distance vector T, are given by:

2 0
E = pcos(6)
Arreq 1
psin()
FEo =
’ drceqgr?
Ly = 0

where p 1s the magnitude of the electric dipole moment,

p=qAZ, and r=Irl.

Referring back to FIG. 1A, the designation AZ  1s used to
denote atomic distances generated by phonon 108. For both
macroscopic and atomic distances AZ,, dipoles 107 are
created. However, other charge distributions generated may
also contain other higher moments including a dipole
moment, such as quadrupole, octupole, etc., due to the
complex shape and charge distribution on macroscopic
objects 101 and 102 and their respective surfaces. In some
embodiments, other higher moments may be produced
simultaneously by phonons creating dipoles. In some
embodiments, the interface 106 may not be a free surface
where the distortion of the electron clouds of the constitutive
atoms at the interface 106 generates electric dipole and
higher moment fields.

The distance AZ . shown 1n FIG. 1B 1s generally consid-
ered to be macroscopic for triboelectric charging as macro-
scopic distances are used to reveal the resulting electrically
charged surfaces of dissimilar materials. In contrast, much
smaller distances AZ ., that may be atomic 1n length and at
surface and subsurface locations, may be dynamically
changed by phonons 108 to create and annihilate and control
properties of electrical dipoles 107 by changing AZ .. Refer-
ring to FIGS. 1A and 1B, and as an example, 1f the
subsurface distance AZ . at the interface of material 101 and
material 102 1s made non-zero, then triboelectric charging
will create local electric dipoles 107 that are internal and on
sub-surfaces 101s and 102s. If the interface of material 101
and material 102 1s already non-zero, and an electric dipole
107 1s already present, then the distance AZ, between
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interface of material 101 and material 102 may be changed
to vary the dipole strength and alignment.

Phonons 108 may be used to vary the distance AZ . from
zero to a non-zero value as shown i FIG. 1A. FIG. 3A
illustrates an embodiment system for phonon assisted cre-
ation and annihilation of variable strength and variable
alignment subsurtace electric dipoles. The phonons 108 may
be generated external to the surface of an object 312
including material 101 and material 102. The phonons 108
may be generated by phonon source 310 that may be a
non-contact device, for example, an air coupled ultrasonic
transducer, sound speaker 1n air, etc., or a contact device
may be used such as ultrasonic transducer or mechanical
vibration system 1n contact with the object 312 including
material 101 and material 102. The phonon source 310 may
be a movable scanning source.

An electric potential and electric field measurement sys-
tem 1n a two dimensional array configuration may be used to
measure the electric potential and electric field external to
objects 1n real-time. Measurements may be made without
phonon excitation and with phonons present. FIG. 3A shows
an example configuration of a two-dimensional 1maging
array 309, such as a two dimensional electric potential
imaging array or two dimensional electric field imaging
array, placed a distance AZ' from the object 312 including
material 101 and material 102, and the phonon source 310.
As an example, material 101 may be a container or wall that
encloses or hides material 102. There may be other objects
in container of material 101 or object 312. The phonon
source 310 may or may not be in physical contact with
material 101. The phonon source 310 may be mside material
101. The phonon source 310 may be remote from material
101. Other objects with interfaces between or within them
may be present in a container of material 101.

Referring to FIG. 3A, as an example, measurement of the
clectric potential with and without phonon excitation may be
made remotely, by use of imaging array 309 placed a
distance AZ' from material 101. The imaging array 309 may
be any type imaging array, such as a single element mea-
surement array or multi-element imaging array, and any type
imaging array 309 may also be used to make measurements.
As examples, the array design and acquisition and data
analyses employed by the imaging array 309 may be per-
formed according to the methods described 1n U.S. Pub-
lished Patent Application No. 2012/01997535, U.S. Published
Patent Application No. 2015/0137825, and U.S. patent
application Ser. No. 15/177,798 filed Jun. 9, 2016, which are
hereby 1incorporated by reference herein 1n their entirety for
all purposes. In some embodiments, the 1imaging array 309
may be an electric potential imaging array. Additionally or
alternatively, 1n some embodiments, the 1imaging array 309
may be an electric field imaging array. At time ©>0.0, the
phonon source 310 may generate phonons 108 having a
frequency v (wavelength A) or a distribution of frequencies
or wavelengths 1n material 101. The phonons 108 may
propagate 1nto other adjacent materials. The electric poten-
tial at a time ©>0.0 1s measured by the array 309 at a distance
AZ' from the surface and parallel to the surface of matenal
101. The electric potential 1image 311 at the array 309
position may be generated and displayed on a monitor. From
the electric potential measured by the imaging array 309, the
clectric field components may be determined and imaged.
Any method may be used for determining electric field
components from electric potential data, such as by difler-

encing electric potentials as described 1 U.S. patent appli-
cation Ser. No. 15/637,673, titled DYNAMIC MULTIDI-

MENSIONAL ELECTRIC POTENTIAL AND ELECTRIC
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FIELD QUANTITATIVE MEASUREMENT SYSTEM
AND METHOD, and filed Jun. 29, 2017, which 1s 1incor-
porated by reference herein 1n 1ts entirety for all purposes. I
clectric potential data 1s taken at one AZ' distance from
material 101, the electric field X and Y components may be
determined everywhere at any point 1n the plane of the array
309. If electric potential data 1s taken at two diflerent AZ'
distances from material 101, the electric field X, Y, and Z
components may be determined everywhere at any point 1n
the plane of the array 309. While a parallel arrangement 1s
illustrated 1n FIG. 3A, other non-parallel type arrangements
may be substituted for such a parallel arrangement 1n one or
more embodiments.

An optical 1image 102a of material 102, for example a
three dimensional (3D) printed acrylonitrile butadiene sty-
rene (ABS) polymer gun, as viewed from the position of the
array 309 along the AZ axis toward material 101 1s shown
for comparison and as a demonstration of the electric
potential imaging enabled by the various embodiments. The
clectric potential of dipoles 311A created at the subsurface
interface 106 by the phonons 108 1s measured as a function
of time. FIG. 3A shows a linear grayscale representation of
the electrical potential 1n image 311 measured a time t,>0.0,
where the dark shade represents high potential and lightest
shade represents low potential. A typical electric potential
waveform at a point “A” at time T=0.0, when a phonon 1s not
present 1s shown 1n FIG. 3B. A typical electrical potential
wavetform at a point A at time t,>0.0, when a phonon having
a frequency of 180 Hz i1s present, 1s also shown 1n FIG. 3B.
The low potential of the oscillating waveform 1n FIG. 3B
corresponds to the lighter shaded region at point A of the
clectrical potential image 311 shown in FIG. 3A. The
clectric potential from the created dipole oscillates 1n poten-
tial as long as the phonon 1s present, and the dipole oscil-
lation 1n potential 1s at the phonon frequency. The amplitude
and phase of the potential oscillations and the dipole
moment vector may be adjusted, for example, by selection
of maternials supporting the phonon, the surface topologies,
the phonon polarization, the phonon amplitude, or a com-
bination thereof. In various embodiments, the electric poten-
tial measurements as a function of time maybe used to
generate a video for enhanced characterization of objects.
The electric potential measurement may also include higher
order electric potential moments. The measurement acqui-
sition times may be in synchronization with the phonon
frequency to produce apparent still 1mages of the electric
potential at a different position distance AZ'. AZ' may be
varied to measure the electric potential at AZ', providing
suflicient measurement information to determine the electric
field vector everywhere over the plane of the array and at the
position AZ' due to the dipole field emanating from interface
106.

The phonon frequency may extend from infrasonic, sub-
sonic through acoustic to ultrasonic, and extends to optical
frequencies. At low frequencies (e.g., mechanical vibra-
tions) dipoles are created, modulate 1n strength, and are
annihilated at static and quasi-static frequencies. At higher
frequencies (e.g., ultrasonic frequencies) dipoles are created,
modulate 1 strength, are annihilated at electrodynamic
frequencies and the electric potential 1s measurable. The
phonon frequency does not need to be repetitive and partial
cycles may be used.

In one or more embodiments, the phonon frequency may
be adjusted for specific applications, for example, so that
clectrically non-conductive materials 101 and 102 have
periodic and momentary contact during phonon excitation.
Examples of electrically non-conductive materials may
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include paper, glass, wood, polyurethane, silicone rubber,
and Tetlon. FIG. 4 shows the asymmetric surface displace-
ment AZp for a phonon creating an arrayed electric dipole
107 field that 1s ephemeral and exists only when the phonons
are present. FIG. 5 shows the symmetric surface displace-
ment AZp for phonons creating an arrayed electric dipole
107 field with distributed orientation that 1s ephemeral and
exists only when the phonons are present. The dipole 107
orientation may also be controlled by topology of the
phonon distorted or designed surfaces as shown in FIG. 3.
The phonons may be polarized and with longitudinal and
shear displacements allowing a wide variation 1n control of
the displacement AZp. FIG. 6 shows the displacement 1in the
direction D along the X direction for a shearing phonon
generating dipoles 107 along the interface 106.

In various embodiments, the electric field from an ephem-
eral array may be used to transmit electrodynamic waves 1n
a preferred direction or specified directivity. A unique advan-
tage ol using an ephemeral generated dipole array for
transmission may be that for the same frequency of trans-
mission, the phonon frequency, for example, and with poly-
mer materials 101 and 102, the length of the dipole array
generated may be reduced by a ratio of the phonon to metal
wire transmission velocities. A transmission polymer pho-
non based dipole array may be about 10~ smaller than that
required for equivalent wavelength conventional metallic
transmission systems.

In various embodiments, there may be more than two
dissimilar surfaces and more than two dissimilar materials
so that three dimensional arrays of dipoles may be con-
structed. The interface between surfaces 101s and 102s does
not need to be flat and parallel and complex interface
topologies may be used to enhance dipole strength and
direction and periodicity 1n various embodiments. The sur-
faces 101s and 102s may be material graded at atomic
dimensions and 1n depth and along the surfaces exhibit local
variations 1n triboelectric aflinity. In various embodiments,
the surfaces 101s and 102s may be electrically conductive
and have a non-zero triboelectric athnity.

In some embodiments, phonons may be generated using
multiple methods to create movement between surfaces 101s
and 102s to produce electrical dipoles and higher moments
within a material or at material interface surfaces. In some
implementations, more than one phonon generating method
may be used simultaneously.

The generation of electric dipoles 1n bulk material may
not be triboelectric favored due to the lack of a free surface,
however, the process of creating an interface or free surface
106 1n bulk materials generates topologically rough sur-
taces, as well as displaced atoms, thereby yielding interface
106 surfaces that are no longer electromically equivalent to
the host materials 101 and 102, and thereby creating, eflec-
tively dissimilar materials surfaces 101s and 102s that
support triboelectric charging and the creation of dipoles
107.

In various embodiments, the phonon generated charge
distribution created at surfaces 101s and 102s may be
complex and not a pure dipole. While not a pure dipole, the
clectric potential and field from these more complex charge
distributions may be measured and treated in a similar
manner to dipoles as discussed herein.

FIG. 7 1llustrates an example antenna system 700, con-
sistent with one or more embodiments of the present dis-
closure. The antenna system 700 may include components of
FIG. 1B described above including two materials 101 and
102, as well as a phonon source 310 described above with
reference to FIG. 3A, all supported on an antenna frame 701.
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The two matenals 101 and 102 may be supported on the
antenna frame 701 such that momentary contact between the
materials 101 and 102 occurs, for example AZ, may be
reduced to zero and then increase to a value above zero. The
two materials 101 and 102 may be nonconductive antenna
clements that generate and/or receive electrodynamic waves.
The phonon source 310 may generate phonons directed at
the materials 101 and 102, and the generated phonons may
cause the materials 101 and 102 to have momentary contact
during phonon excitation. In some various embodiments, the
phonon frequency may be adjusted for specific applications,
for example, so that electrically non-conductive materials
101 and 102 have periodic and momentary contact during,
phonon excitation. The electric potential from the created
dipole oscillates 1n potential as long as the phonon 1s present,
and the dipole oscillation in potential 1s at the phonon
frequency. The amplitude and phase of the potential oscil-
lations and the dipole moment vector may be adjusted by
selection of maternals supporting the phonon, the surface
topologies, the phonon polarization, and the phonon ampli-
tude. The phonons may be polarized and with longitudinal
and shear displacements allowing a wide variation 1n control
of the displacement AZp. In various embodiments, the
antenna system 700 may be an ephemeral generated dipole
array and the electric field from the antenna system 700 may
be used to transmit electrodynamic waves in a preferred
direction or specified directivity. A unique advantage of
using an ephemeral generated dipole array for transmission
may be that for the same frequency of transmission, the
phonon frequency, for example, and with polymer materials
101 and 102, the length of the dipole array generated may be
reduced by a ratio of the phonon to metal wire transmission
velocities. A transmission polymer phonon based dipole
array may be about 107> smaller than that required for
equivalent wavelength conventional metallic transmission
systems. In one or more embodiments, the antenna system
700 may generate and/or receirve directed and ommni-direc-
tional variable amplitude and frequency transmission waves
without the need for conductive antennas and may have a
dimension several orders of magnitude smaller than existing
antennas configured to generate and/or receive waves of the
same amplitudes and frequencies.

It will be readily understood that the components of
various embodiments of the present disclosure, as generally
described and illustrated in the figures herein, may be
arranged and designed 1n a wide variety of different con-
figurations. Thus, the detailed description of the embodi-
ments of the present disclosure, as represented in the
attached figures, 1s not itended to limit the scope of the
invention as claimed, but 1s merely representative of selected
embodiments.

The features, structures, or characteristics of the present
disclosure may be combined 1n any suitable manner 1n one
or more embodiments. For example, reference throughout
this specification to “certain embodiments,” “some embodi-
ments,” or similar language means that a particular feature,
structure, or characteristic described in connection with the
embodiment 1s included 1n at least one embodiment. Thus,
appearances of the phrases “in certain embodiments,” “in
some embodiment,” “in other embodiments,” or similar
language throughout this specification do not necessarily all
refer to the same group of embodiments and the described
features, structures, or characteristics may be combined 1n
any suitable manner 1n one or more embodiments.

It should be noted that reference throughout this specifi-
cation to features, advantages, or similar language does not
imply that all of the features and advantages should be or are
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present 1n any single embodiment of the present disclosure.
Rather, language referring to the features and advantages 1s
understood to mean that a specific feature, advantage, or
characteristic described 1n connection with an embodiment
1s included 1n at least one embodiment of the present
disclosure. Thus, discussion of the features and advantages,
and similar language, throughout this specification may, but
do not necessarily, refer to the same embodiment. Further-
more, features, advantages, and characteristics described
herein may be combined 1n any suitable manner in one or
more embodiments. For example, although aspects and
features may in some cases be described in individual
figures, 1t will be appreciated that features from one figure
can be combined with features of another figure even though
the combination 1s not explicitly shown or explicitly
described as a combination. Moreover, one skilled 1n the
relevant art will recognize that the invention can be prac-
ticed without one or more of the specific features or advan-
tages of a particular embodiment illustrated in the figures or
described herein. In other 1instances, additional features and
advantages may be recognized 1n certain embodiments that
may not be present 1 all embodiments of the present
disclosure. One having ordinary skill 1in the art will readily
understand that the one or more embodiments as discussed
herein may be practiced with steps in a different order,
and/or with hardware elements 1n configurations which are
different than those which are disclosed.

Other aspects and embodiments may will be apparent
from consideration of the specification. It 1s intended that the
specification and illustrated embodiments be considered as
examples only with a true scope of the mmvention being
indicated by the following-claims.

What 1s claimed 1s:

1. A system for characterizing objects, comprising:

a phonon generation source; and

an 1maging array,

wherein the phonon generation source i1s configured to

propagate phonons into an object comprising two elec-
trically non-conducting materials to generate a tribo-
clectric charge at a boundary between the two non-
conductive materials while the imaging array generates
one or more electric potential 1mages of an interface
between the two electrically non-conducting maternials
of the object from which electric field components are
determined and 1maged, and

wherein the 1maging array 1s a multi-element electric

potential measurement array.

2. The system of claim 1, wherein the phonon generation
source 1s a contact device.

3. The system of claim 2, wherein the phonon generation
source 1s an ultrasonic transducer or mechanical vibration
system.

4. The system of claim 1, wherein the phonon generation
source 1s a non-contact device.
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5. The system of claim 4, wherein the phonon generation
source 1s an air coupled ultrasonic transducer or sound
speaker.
6. The system of claim 5, wherein the propagated phonons
have a distribution of frequencies.
7. The system of claam 6, wherein the distribution of
frequencies 1s an infrasonic distribution of frequencies,
acoustic distribution of frequencies, subsonic distribution of
frequencies, ultrasonic distribution of frequencies, or optical
distribution of frequencies.
8. The system of claim 1, wherein the 1maging array 1s a
single element electric potential measurement array.
9. The system of claim 1, wherein the electrically non-
conductive material 1s paper, glass, wood, polyurethane,
silicone rubber, or Teflon.
10. A method for characterizing objects, comprising:
propagating phonons into an object comprising two elec-
trically non-conducting materials using a phonon gen-
cration source to generate a triboelectric charge at a
boundary between the two non-conductive materials;

measuring electric potential using an imaging array while
propagating the phonons; and

generating one or more electric potential or electric field

images ol an interface between the two electrically
non-conducting materials of the object based on the
measured electric potentials; and

wherein the mmaging array 1s a multi-element electric

potential measurement array.

11. The method of claim 10, wherein the phonon genera-
tion source 1s a contact device.

12. The method of claim 11, wherein the phonon genera-
tion source 1s an ultrasonic transducer or mechanical vibra-
tion system.

13. The method of claim 10, wherein the phonon genera-
tion source 1s a non-contact device.

14. The method of claim 13, wherein the phonon genera-
tion source 1s an air coupled ultrasonic transducer or sound
speaker.

15. The method of claim 14, further comprising propa-
gating the phonons at a single frequency.

16. The method of claim 14, further comprising propa-
gating the phonons at a distribution of frequencies.

17. The method of claim 16, wherein the distribution of
frequencies 1s an infrasonic distribution of frequencies,
acoustic distribution of frequencies, subsonic distribution of
frequencies, ultrasonic distribution of frequencies, optical
distribution of frequencies, or a combination thereof.

18. The method of claim 14, wherein the electrically
non-conductive material 1s paper, glass, wood, polyurethane,
silicone rubber, or Teflon.

19. The method of claim 10, wherein the 1maging array 1s
a single element electric potential measurement array.
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