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(57) ABSTRACT 

(76) Inventors: John J‘ McCoy’ Washmgton’ DC A meta-material vibration energy harvester includes a hous 
(US); Ralesh Patel’ Brooklyn’ NY ing element encapsulating a multiplicity of oscillators 
(Us) capable of harvesting a signi?cant percentage of the total 

mechanical energy diffusely distributed throughout the 
(21) Appl' NO‘: 12/926’157 vibrating structure, the harvester design resulting in a rapid 

_ transfer of mechanical energy entering it via the housing 
(22) Flled: Oct‘ 28’ 2010 element from the element to the oscillators Wherein the 

_ _ energy remains trapped While accumulating over an extended 
Related U‘s‘ Apphcatlon Data time, the percentage of energy transfer primarily depending 

(60) provisional application NO_ 61/272,753’ ?led on Oct on the ratios of the sum of the oscillator masses to the sum of 
29, 2009 the housing mass and of the measure of the mass of the 

vibrating structure and of the Width of the band spanned by 
_ _ _ _ the oscillators to its center frequency, both the relevant mea 

Pubhcatlon Classl?catlon sure of the vibrating structure mass and the values of the mass 

(51) Int, Cl, and frequency ratios that maximize the percentage of internal 
F0 3G 7/08 (200601) energy transfer depending on the harvesting scenario. 
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META-MATERIAL VIBRATION ENERGY 
HARVESTER 

FIELD OF THE INVENTION 

[0001] The invention relates to a vibration energy harvester 
comprised of a large number of oscillators encapsulated in a 
housing element, combined With mechanical/electrical 
energy converters, one for each oscillator, and the internal 
circuitry for collecting the individual electric currents and 
outputting their total, via the housing element. The invention 
is applicable to virtually all structures and vibration ?elds. 
Moreover, When used in multiplicity, the invention is capable 
of harvesting a signi?cant percentage of the total available 
energy in a vibrating structure. 

BACKGROUND OF THE INVENTION 

[0002] In search of the solution to the World energy crisis, 
researchers and industry have focused their efforts on har 
nessing energy from alternative energy sources, most notably 
the sun, Wind, and ocean Waves. 
[0003] Technologies for harvesting energy from these 
sources are in their infancy, though signi?cant progress has 
been made. HoWever, the e?iciency of existing technologies 
is limited, and resulting environmental issues, such as noise 
and microclimate change, have become increasingly prob 
lematic. Unless these technologies can be dramatically 
improved, their energy harvesting potential Will be limited. 
High governmental priority has been assigned to improving 
these technologies. The focus so far has been to engineer 
more e?icient devices (e. g. blades and turbines) that convert 
Wind and surface Wave energy into electricity and to improve 
solar panel design. 
[0004] Little attention is being paid to harnessing the vibra 
tion energy that is created by natural dynamic environmental 
processes and by manmade processes, both of Which repre 
sent vast pools of reneWable mechanical energy. Natural 
dynamic environmental processes (Wind, ocean Waves, sub 
surface ocean currents, tectonic movement) cause the vibra 
tion of structures With Which they come into contact. Vibra 
tion is also created in almost all manmade processes. It results 
from all forms of transport, in the vehicles themselves, and 
from vehicular contact With roads, bridges, train tracks and 
other infrastructure. Technologies for harvesting these alter 
native poWer sources are in their infancies. V1bration energy 
harvesters (VEH) are a logical Way to convert this vibration 
and convert it to electrical energy. 

[0005] The state-of-the-art of VEH, as measures by patent 
applications and aWards, are limited to micro-electro-me 
chanical systems (MEMS) that are only capable of generating 
very small amounts of poWer measures in the order of milli 
Watts. The development of a technology based on a VEH that 
is capable of harvesting a measurable percentage of the total 
energy in vibrating structures (VS) deserves attention. 
Accepting the possibility of such a device, its development 
Would alloW for harvesting a substantial percentage of the 
total energy is VS, using a system comprising a moderate 
number of devices integrated With and distributed throughout 
the VS. Such a system Would harness the vast mechanical 
energy pools created in the natural World by ?rst converting 
the energy as vibration in structures designed for this purpose. 
One advantage of this novel approach is that the integration of 
the VEH as part of the VS isolates all moving parts from the 
potentially hostile environment that is the source of vibration. 
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Structures can be designed to capture the mechanical energy 
in subsurface ocean currents and in deep ocean internal 
Waves. Another advantage this novel approach is that the 
coherence of the source of mechanical energy being tapped 
need not be as great as that required by a Wind turbine, for 
example. Structures can be designed to capture energy from 
atmospheric turbulence. 
[0006] The invention comprises aVEH capable of harvest 
ing a measurable percentage of the total energy in vibrating 
structures. 

[0007] The use of vibration energy harvesters (VEH) com 
prised of multiple oscillators attached to a base that is in turn 
attached to a vibrating structure (VS), is knoWn in the art. The 
use of vibration dampers (VD) comprised of multiple oscil 
lators encapsulated in a housing element that is in turn 
attached to a VS, is also knoWn in the art. Accepting that the 
base/housing-element is rigid, its motion does not depend on 
the locations of the oscillators; the geometric distinction is, 
therefore, irrelevant. 
[0008] The invention is distinguished over the existing arts 
by the different objectives, numbers of oscillators, and the 
relative massiveness of the devices. For example, VEH typi 
cally have a small to moderate number of oscillators; say, less 
than 10, While VD of the type related to the invention typically 
have a much larger number; say, greater than several 100’s, 
even l000’s. Another distinction is knoWn VEH have vastly 
smaller siZes and masses; US. Pat. No. 6,858,970 B2, for 
example, describes a MEMS harvester With mass- and siZe 
ratios, relative to those of the VS, that approach in?nitesimals. 
By contrast, effective VD have mass- and siZe-ratios, relative 
to those of the VS, Which While still small relative to l, are 
?nite. 
[0009] Because of their small mass, knoWn VEH are 
severely limited in the quantities of energy harvested, typi 
cally measured at the level of milliWatts; US. Pat. No. 6,858, 
970 B2 is representative of the art of VEH. At the milliWatt 
level, the total quantity of energy harvested in any reasonable 
time is a vanishing percentage of the energy available in the 
VS. The principal application of currently knoWn VEH is to 
poWer micro-siZed sensors and computers, With an under 
standing that the rate of energy extraction from the VS is too 
small to have an affect on the vibration ?eld in the structure. 
The design of the MEMS energy harvester is consistent With 
these applications. 
[0010] Rescaling the mass of an available VEH can result in 
a comparable rescaling of the quantity of energy harvested, 
but only if the more massive device initiates an energy trans 
fer Within the VS, draWing energy from locations remote from 
that of the device, to the device. Without this energy transfer, 
only the energy in the immediate neighborhood of the device, 
a percentage of the total energy available that approaches an 
in?nitesimal, is available of harvesting. Signi?cantly, the ini 
tiation of the energy transport process requires certain quan 
ti?able design criteria, not knoWn to the present art, be met. 
The invention includes the identi?cation of these criteria, 
expressed by a limited number of device parameters, and a 
design frameWork for determining the values that result in an 
effective device. 
[0011] Mechanical devices for damping the vibrations of a 
structure are designed to either change the dynamics of the 
structure, thereby precluding the introduction of energy, or to 
dissipate the energy as heat. Damping devices based on a 
large number of oscillators encapsulated in a housing element 
are in the latter category. Typically, the mass of an ef?cient 
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VD is a large enough percentage of that of the VS to nega 
tively impact design criteria for the VS not related to the VD. 
Pub No: US 2009/0078519 A1 describes a class ofVD that 
accomplishes the damping by a much less massive device 
than heretofore knoWn. The design according to this knoWn 
device results in the rapid transfer of a signi?cant percentage 
of the energy draWn into the device, to the internal oscillators 
Wherein it “remains trapped inde?nitely,” using the terminol 
ogy in the reference. The inde?nite trapping of energy in the 
oscillators largely eliminates the need for internal “energy 
dissipaters” that add mass to the device. The design requires 
that the oscillator resonances densely ?ll a frequency band 
according to a formulariZation, i.e. a prescribed dependence 
of the values of the resonant frequencies relative to one 
another. The dense ?lling requirement is expressed by a mini 
mum number of oscillators, Which is also determined by a 
formulariZation. Both formulariZations are essential to this 
knoWn device. 
[0012] While the present invention is presented as a vibra 
tion energy harvester, the observation that a signi?cant quan 
tity of the available energy is removed from the VS suggests 
it also has a role as a VD. In this role, the invention is distin 
guished from the class described in Pub No: US 2009/ 
0078519 A1 by the active removal of energy transferred to 
and entrapped Within the internal oscillators, by converting it 
to electricity. Thus, the “near irreversibility” of the vibration 
damper described in Pub No: US 2009/0078519 A1 is made 
“absolute” in the case of the present invention, by the removal 
of the energy transferred to the interior oscillators, as elec 
tricity. This active removal of energy fundamentally changes 
the device design and fabrication, by eliminating the need for 
the formulariZation that determines precise values for the 
oscillator resonances relative to each other. Eliminating this 
formulation eliminates a major complexity in the fabrication 
of the present device. 

SUMMARY OF THE INVENTION 

[0013] The present invention is a device, described as a 
“meta-material vibration energy harvester” (MMVEH), 
Which When attached to a VS has the capacity to harvest a 
“reasonable” percentage of the energy in a spatially diffuse 
vibration ?eld contained therein, by draWing energy from 
throughout the VS, to and into the device, Wherein it is con 
verted from mechanical to electrical. Further according to the 
invention are its ef?cacy for a virtually inexhaustible range of 
VS, for virtually all vibration ?elds, and for a broad range of 
attachments of the MMVEH and the VS. The criterion for 
“reasonable,” in describing the percentage of energy har 
vested, is that a small multiplicity of MMVEH; less than a 
modest multiple of 10, say; distributed across the VS has the 
capacity of harvesting a signi?cant percentage of the total 
energy in the vibration ?eld. 
[0014] For purpose of this invention, a meta-material is a 
manmade material comprised of a large number of mini 
structures encapsulated Within a naturally occurring material, 
also described as a housing element, Which has properties that 
are not found in naturally occurring materials. The encapsu 
lation of the internal mini-structures is understood to preclude 
both their direct observation, by mechanical means, and their 
interaction With an external environment. The interaction 
obtains indirectly through their interaction With the housing 
material that, in turn, interacts With the external environment. 
Their presence is also observed indirectly, in the changes 
these cause in the interaction of the housing material and the 
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external environment. The usefulness of the concept of meta 
materials is the possibility of designing a manmade material 
to behave differently from any material found in nature. 
[0015] The invention is a “device” comprising a meta-ma 
terial that extracts mechanical energy from aVS via a housing 
element and outputs electrical energy via said housing ele 
ment, for Which the designed behavior is an enhanced “ener 
getics,” as measured by the quantity of mechanical energy 
extracted and the percentage of the inputted mechanical 
energy that is outputted as electrical energy. The enhanced 
energetics is occasioned by the operation of the device over 
time, Whereby the mechanical energy draWn into the housing 
element is rapidly transferred to the internal oscillators, 
Where the energy accumulates and is ultimately converted 
and outputted via the housing element, as an electric current. 
The mechanical behavior of the invention, Which does not 
obtain for a housing element comprising any material found 
in nature but no internal oscillators, is the device acting both 
as a one-Way mechanical valve, alloWing the energy to enter 
but not exit, and a mechanical battery, Whereby the accumu 
lating energy is stored. 
[0016] In one manifestation of the invention, the housing 
element is rigid and the internal structures are single degree 
of-freedom oscillators combined With mechanical/electrical 
converters. FIG. 1 shoWs a schematic of the mechanical ele 
ments of a more particular manifestation of the invention for 
Which housing element20 has a single degree-of-freedom, 
represented by a translation coordinate, and each of the inter 
nal oscillators also have a single degree-of-freedom, and, 
therefore are represented, mathematically, as sprung 
masses21. The forces shoWn acting on the internal oscillator 
masses represent the converter elements. The negative Work 
accomplished by these forces in sloWing the oscillator masses 
quanti?es the energy converted from mechanical to electrical. 
[0017] For the manifestation in Which the housing element 
is rigid, the designation of the mechanical aspect as a “meta 
mass” may be more descriptive than “meta-material.” The 
term meta-material is retained since the invention contem 
plates other manifestations for Which the housing element is 
deformable and for Which the internal oscillators have mul 
tiple degrees-of-freedom. Also included among these other 
manifestations are those for Which the internal oscillators are 
not mechanical; the internal structures can be fabricated as 
mechanical/ electrical converters joined With oscillating elec 
trical circuits. 
[0018] The design of a speci?c MMVEH is expressed in the 
values of the multiplicity of physical parameters that 
describe, mechanically, the housing element; the internal 
oscillators; and, the mechanical effects of the mechanical/ 
electrical converters. Given the behavior of the housing ele 
ment depends on the external environment, ie the VS and the 
vibration ?eld contained therein, as Well as the internal oscil 
lators, an effective MMVEH design depends on the geometry 
and composition of the VS and the description of the vibration 
?eld contained therein. There is no universal design that can 
be put forth as describing the invention. The speci?cs of the 
design Will differ for VS comprised of structural elements 
having one, tWo, and three dimensions and systems com 
prised of such elements, and for vibration ?elds having dif 
fering measures of spatial coherence. Further according to the 
invention is that a multiplicity of MMVEH, each of Which is 
effective for a moderate band of frequencies, forms a system 
capable of harvesting the energy in a vibration ?eld that has 
broad spectral content. Still further, according to the inven 
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tion is a virtually inexhaustible range of Ways for attaching 
the MMVEH and VS, including both linear and nonlinear 
attachments, as occasioned for example via a elastic element 
that behaves linearly or nonlinearly. A nonlinear attachment 
Would result in across-frequency transfer of energy to accom 
pany its transfer from the VS to the housing element, Which 
can be exploited in choosing the internal mechanical/electri 
cal energy conversion. 
[0019] The spatial coherence of the energy containing 
vibration ?eld Warrants attention since the invention is 
intended for a fully coherent ?eld, an example of Which is the 
loW frequency vibration of a beam caused by a spatially 
localiZed force; a fully incoherent ?eld, an example of Which 
is a higher frequency vibration in a track caused by a passing 
train; and, ?elds that are partially coherent, an example may 
be a moderate frequency vibration in a bridge component 
caused by automobile traf?c. It is knoWn in the art that appro 
priate mathematical models that govern the evolutions of 
vibration ?elds depend on the spatial coherence of the ?eld, 
With models based on the classical vibration theories appro 
priate for fully coherent ?elds Whereas models based on sta 
tistical theories, e.g., “statistical energy analysis” (SEA), are 
appropriate for fully incoherent ?elds. The invention contem 
plates application for all vibration ?elds, requiring only that 
the speci?cs of the MMVEH design accommodate the spatial 
coherence of the ?eld. 
[0020] The range of harvesting scenarios for Which the 
invention is applicable presents a challenge to its detailed 
description, beginning in the next section. In closing this 
summary description, it is noteworthy to observe that avail 
able VEH neither exploit nor require a design that results in 
enhanced energetics. The quantity of energy harvested by 
availableVEH, measured relative to that in the VS, is so small 
as to make irrelevant, issues of the rates of transfer of energy 
betWeen the VS and the VEH. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 shoWs an illustration of a meta-material 
mechanical energy converter (MMMEEC), comprising a 
housing element encapsulating a large number of internal 
oscillators to each of Which is connected a mechanical/elec 
trical converter element, represented by a force; 
[0022] FIG. 2 shoWs a graphical representation of a generic 
mathematical model governing the motion of the rigid hous 
ing element of a mechanical meta-material; 
[0023] FIG. 3 shoWs a graphical representation of a math 
ematical model governing the motion of the rigid housing 
element of an ungrounded mechanical meta-material; 
[0024] FIG. 4 shoWs a graphical representation of a math 
ematical model governing the motion of the rigid housing 
element of a mechanical meta-material grounded by an elas 
tic element; 
[0025] FIG. 5 shoWs a graphical representation of a math 
ematical model governing the response of a dynamical sys 
tem comprising a rigid base mass grounded by an elastic 
element and a dashpot, to Which a multiplicity of masses are 
each attached by a spring and a dashpot; 
[0026] FIGS. 6a to 6l shoW the results of simulations for the 
motion history of the base mass for the model shoWn in FIG. 
5 for a range of experiment scenarios; 
[0027] FIG. 7 shoWs a schematic of a simply supported 
beam to Which a meta-material mechanical energy harvester 
(MMVEH) is attached at a “point” location along the beam; 

May 12, 2011 

[0028] FIG. 8 shoWs a schematic of the loWest order vibra 
tion mode for a simply supported beam; 
[0029] FIG. 9 shoWs a graphical representation of a math 
ematical model for predicting the n-th modal amplitude his 
tory for a resonant vibrating structure (RVS); 
[0030] FIG. 10 shoWs a graphical representation of a math 
ematical model for predicting the n-th modal amplitude his 
tory of the RVS model represented by FIG. 9 When a single 
MMVEH is directly attached at some location across the 

RVS; 
[0031] FIG. 11 shoWs a schematic of a simply supported 
beam With multiple MMVEH’s attached; 
[0032] FIG. 12 shoWs a graphical representation of a math 
ematical model for predicting the n-th model amplitude his 
tory for the RVS model represented by FIG. 9 When multiple 
MMVEH’s are directly attached at locations across the RVS; 

[0033] FIG. 13 shoWs a schematic of a region of an 
unboundedly long beam With a single attached MMVEH; 
[0034] FIG. 14 shoWs a graphical representation of a math 
ematical model for predicting the velocity history of the hous 
ing element of a MMVEH directly attached to a non-resonant 
vibrating structure (NRVS); 
[0035] FIG. 15 shoWs 3 schematics of the energy ?oWs in a 
NRVS in the neighborhood of a directly attached MMVEH, 
according to too-light; too-heavy; and ideal MMVEH; 
[0036] FIG. 16 shoWs a schematic of a MMVEH attached 
to a beam-like VS via and elastic element; 

[0037] FIG. 17 shoWs a schematic of attaching a MMVEH, 
as part of a dynamical system, to a beam-like VS; 

[0038] FIG. 18 shoWs a schematic of attaching a MMVEH 
to tWo locations of a structural frame, using elastic elements; 
[0039] FIG. 19 shoWs a schematic of a deformable meta 
material mechanical/electrical energy converter, for Which 
the housing element is a rod; 
[0040] FIG. 20 shoWs a generic mathematical model gov 
erning the change in length of the housing element rod illus 
trated in FIG. 19, and 
[0041] FIG. 21 shoWs a schematic of a deformable meta 
material mechanical/electrical energy converter, for Which 
the housing element is a beam, or a plate. 

A DETAILED DESCRIPTION OF THE 
INVENTION 

[0042] The novelty of the concept of meta-material 
devices, as described in the summary description, and the 
paucity of studies reported in the literature, Which directly 
apply to the invention necessitates a highly technical detailed 
description. The description is presented in stages, focusing 
?rst on the energetics of a “mechanical” meta-material 
(MMM) device that forms the genesis of the invention, and, 
second, on the energetics of a “meta-material mechanical/ 
electrical energy converter” (MMMEEC) in the context of an 
experiment scenario that has a direct relation to energy har 
vesting. When joined to a VS, Which is the source of input 
energy to the MMMEEC, the device is a MMVEH. Issues 
related to the geometry and composition of the VS and to the 
coherence of the vibration ?eld and the role of these in deter 
mining an effective MMVEH design are addressed at this 
point in the detailed description. 
[0043] Additional sections in the detailed description 
describe different type attachments of the MMVEH to the VS; 
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deformable MMVEH; and, the conversion of mechanical 
energy to an electrical current. 

The Mechanics of a Meta-Material Device 

[0044] The effects of both the external environment and of 
the internal oscillators on the motion history of the housing 
element20 are represented by forces, as illustrated in FIG. 2. 
The force representing the effects of the external environment 
has two components, in general: an “active” component, 
denoted by F(t), which is the cause of the housing element 
motion; and, a “passive,” or “reactive,” component, denoted 
by FP(t), which develops in response to the housing element 
motion. (An example of an external reactive force would be 
that due to an elastic element grounding the housing element.) 
With broad generality, the passive component can be repre 
sented by an operator, denoted by KVS, which maps the hous 
ing element motion history, denoted by x(t), to FP(t); one 
writes a formal “operator” equation, FP(t):KVSx(t). Given a 
speci?c harvesting scenario, the active force history, F(t), and 
a representation for the operator, KVS, can be determined by 
pre-calculation. The “net internal force” that represents the 
effects of the internal oscillators, denoted by F,(t) in the 
illustration, is passive; it develops in response to the housing 
element motion. There are multiple ways one can represent 
F,(t), which are equivalent if not equivalently convenient; the 
convenience depends somewhat on the experiment scenario. 
The issue of the representation of F,(t) is addressed in the 
context of illustrative experimental scenarios. 

The Energetics of an Ungrounded Mechanical Meta-Material 

[0045] Consider an experimental scenario in which the 
force representing the external environment has only an 
active component, i.e. the housing element is ungrounded, 
and for which there are no mechanical/electrical energy con 

verters, i.e. the meta-material is purely mechanical. The 
experiment, which does not represent a realistic harvesting 
scenario, is a useful prelude for investigating the energetics of 
any “mechanical meta-material” (MMM) device, and for 
identifying the global design parameters that result in 
enhanced energetics. The elimination of the mechanical/elec 
trical converters results in an “energy conserving” meta-ma 
terial; this is necessary for constructing a mathematically 
rigorous, analytical framework for quantifying the device 
energetics. The experimental scenario is schematically illus 
trated in FIG. 3 in which the multiple internal oscillators are 
represented by a single, net internal force, F,(t). 
[0046] It is convenient to represent the net internal force F], 
by an operator, denoted by H*, which maps the external force, 
F(t), to an “effective” force, F*(t)IF(t)-F,(t); i.e., F*(t):H*F 
(t). The designation of the force F*(t) as “effective” re?ects an 
understanding that the motion of the housing element of the 
meta-material forced by F(t), is the same as is the motion of 
the housing element comprised of a naturally occurring mate 
rial, a rigid mass in this case, with no internal oscillators, 
when forced by it. 

[0047] The construction of a spectral, i.e. frequency, space 
representation of the H* is a straight-forward exercise for a 
practitioner knowledgeable of vibration theory. The result is 
written, 
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a 
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where (n denotes the frequency coordinate; the (1)]. denote the 
resonant frequencies of the N internal oscillators; and, the m] 
denote the ratio of masses of the oscillators to the housing 
element mass M. The 00(7) in the second expression on the 
right-hand-side are the N roots of the denominator polyno 
mial, i.e. are solutions of the equation obtained on setting the 
denominator in the ?rst expression equal to Zero. The 00(7) are 
the N, non-Zero resonant frequencies of the ungrounded 
MMM as a dynamical system; that the MMM is ungrounded 
implies that, as a dynamical system, it also has a resonant 
frequency equal to 0. 
[0048] It is easily concluded from the ?rst expression for 
the denominator polynomial that the 00(7) and (1)]. are inter 
twined, with the N- l, smallest 00(7) locating points on the real 
frequency line that are each within one of the N-l intervals 
described by the 00].. For a scenario for which the (1)]. “densely” 
?ll a frequency band of width, Q, then, these N-l, 000) also 
densely ?ll the band. Only the largest of the 00(7), locates a 
point outside the band. Further, referring to the second 
expression for the operator representation, each of the interior 
“poles” of its spectral space representation can be paired with 
a corresponding “Zero;” the one nearest to it; with the fre 
quency difference between eachpaired pole and Zero decreas 
ing for increasing N, and ?xed Q. 
[0049] A knowledgeable practitioner appreciates the 
operator H* has a temporal space representation as a convo 
lution described by a time-series that is the Fourier inverse of 
its spectral space representation in Eq. (7?). Without loss in 
either generality or mathematical rigor, one can write an 
expression for this time-series as a sum of four components, 
a delta function component that, when convolved with F(t) 
reproduces F(t), and three components that, when convolved 
with each other and with F(t) determine F,(t). The latter three 
components are two that are separately due to the N-l interior 
poles and to the single outlier pole, and a third that is a 
convolution of the ?rst two. The behavior that ultimately 
results in enhanced energetics is the contribution from the 
interior poles, represented by the time-series, 

where the r]- are the values of “residues,” one for each of the 
(no) poles, normaliZed using the frequency interval locating 
the pole, i.e. Aj. Because of the normalization, the r]- are all 
pure numbers that, subject to the dense ?lling requirement, 
have values between 0 and a number approximately equal to 
l. 

[0050] Determining the precise values of the r]- requires 
detailed descriptions of the sets of (1)]. and m]. values, and 
numerical calculations. For understanding the enhanced ener 
getics of the ungrounded MMM, however, one does not 


















