STATI C,ELECTRI FI CATI ON ASSI STED DI ELECTROKI NESI S DETECTI ON OF
PLASTI CS R MATERI ALS BACK(R()}M?
| NVENTI Y 384 HEThi s invention relates to the detection o p("'glgsgﬁxggzand

ot her materials using dielectrokinesis (phoresis) and, nore particul arly,

to the detection of specific plastics, polyners and other organic and

i norganic materials via detection of an el ectrodynam c reaction current

surge to mechanically- constrained, inverse dielectrophoresis force.

Det ecti on of ni cYpImYAL MON ASEISFE mﬁb ' s of various
GTHER MATERL

polymers and w A ETIOKEO] r mierrals,

1AV ¥V By

I rrespective of - na. SToT I ng structures,
barriers or EM signals has uses in very diverse applications such as (a) °
transportation security in pre-boarding planes, trains and automphiles; (b)
new and ol d constructi OﬁAéﬁbﬁé’ﬁbﬁf‘Wi“EfNVM_ly(ﬁn' itary operations; (e)
anti-shoplifting protec . ana (1) Ootrner Sec eeds and operations.:

U.S. Patent NuniTafs iavéitidn3elatedits tHealetertion ofiplasticsand cihst mmtetigld for
det ecting movenent of , an object. Al though this systemis effective for

det ect i ng Heipedishctrokinesls (eharpis)sadswrepnsticylaly, ie theatectionrafki nesi s

(phoresis) .1k l.cali 1S, 4l la. t . jional | . arn, G- L. et
al.: "The EBépﬁSﬁ% ?%dﬁ’ @l&%%esca?lfi (9??@ é’ﬂ?@&gl%&gﬁag,%ﬂg&#@lﬁﬁ?" Jour nal of
El ect r ost aiderstionVéf an el€ctroi9narhic readtiontiersnt SiPgd fo. mddhlicapges 169- 178,

XP000004858 a separating device is disclosed that uses a conbi nation of

el ect r ost acousteingdnisyerse disldctiopheresis fercenabl e a forensic scientist to

achi eve recovery of small fragnents of household and vehicle paint from

m xed forensic debris. This separator, however, simlarly does not utilize

gi el ectroki nesi pediiieh &F sipecifi'folyets Uil plasties (B1éRds@Ad mlixhirs 8PP | cat i on.

various polymers and with additives) and other organic/inorganic materials, __

>

irrespective of the presence of intervening vision-obstructing structures,
barriers or EMI signals has uses in very diverse applications such as

(a) transportation security in pre-boarding planes, trains and automobiles; (b)
new and old construction; (c) law enforcement; (d) military operations;

(e) anti-shoplifting protection; and (f) other security needs and operations.

Dielectrophoresis describes the force upon and mechanical behavior of
initially charge-neutral matter that is dielectric polarization charged via
induction by external spatially non-uniform electric fields. The severity qf the
spatial non-uniformity of the electric field is measured by the spatial gradient
(spatial rate of change) of the electric field. A fundamental operating principle
of the dielectrophoresis effect is that the force (or torque) in air or other
surrounding media generated at a point and space in time always points (or
seeks to point) in the same direction, mainly toward the maximum gradient
(non-uniformity) of the local electric field, independent of sign (+ or -) and
time variations (DC or AC) of electrical fields (voltages) and of the

surrounding medium dielectric properties. . T e
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Di el ectrophoresis describes the force upon and nechani cal behavi or of
initially charge-neutral matter that is dielectric polarization charged via
i nduct i oiw®98/49562r nal spatially non-uniformelectric fiel dpcTAROsBgNerity
of the spatial non-uniformty of the electric field is nmeasured by the
spatial gradient (spatial rate of change) of the electric field. A

f undamental operating principle of £he diel ectrophoresis effect is that the
force (or torque) in air or other surrounding nedia generated at a point
and space in tinme always points (or seeks to point) in the sanme direction,

inly t dt | ' - uni f 1 t. f the | | electri
feld i ndependans SeiedBighoieds gt odgatod serdhdl dibodively(ne or Q) of |
el ect ri cal nbhkaedfly poh tiRatiel:ctdio poRirizitiBySfhOHRAIRAIIBALHT IR ectric
(0

properties._ . .The di el ectrophoresis force magn tude depends
di sti nct i vdiejeatimpolawzibility abimitiallysesirel matteri and mohlinearlyhigonttiie of t he

surroundi ng_nedi um ,t he diel egt.ri.c larizipility of initially neutral |
mat t er andgﬁ ﬂi’?&f??‘ﬂﬁ%'msﬂ@?ﬁﬁﬁ!‘ceﬁﬁﬂ edwpﬁmqhi s dependence
i s via thefiglcida) wal-bMRswR o Hoiagil + Wsth ' el zibility
studies in solid state physi cé. Eﬁr%gﬂ%gﬁ‘@ce%}%%ﬂores%wg%e epends

nonl i near | dielgetmophdresis fare¢ depeptls rohlirieery upen thedbehl ppplisdcalectdy t he target.

The diel ec horesi,s force depends, upon the spatial gradient of the square
(second poﬁgﬁfprgﬁurteﬁzytlg? faegets qﬁsg@e"@l%é@ieﬂé force F’GPQ!E%Q ppemthei on ‘at a point

in space a h B | : tihal . ient of the
squar e of t@ﬁaetfall gﬁag}féﬂgfn:%lte rs Iﬁilgérflfég%nc} émlr'r%ggﬁglgéarggpﬁ%gacﬁl%na‘g{iagphoresi s .
f orce pr oddistiibutipntabe poindircgrce ahditimeatlietda detactoeisdocitb® Trs ector. This

constant-direg ngﬂg seg{' ng forcg is highly variable in magnitude both as a
function oFPaatWﬁJ jenf, W&‘F'ﬂvﬁ'ﬁrﬁﬁ thejloeal eleghricteldismeasueed yotket he t arget) and

as a funct| ; | | {1 X ' angyl ar pogition) and as a
function oy%cgopfé(??%%?(?}\égi’mgggél%w{glglgg&ﬁc%iH’?‘ﬁ%ﬁm §% é"es det ecti on ’
si gnat ur e ideteetorinThis eopsartalircién-bdekidgafonstis highPavardblemadi ent of the | ocal
electric field, squared, with the detector al wa%‘s poi nting (seeking to

poi nt) out Magaitede bath asa furction of argidar pesitiom(at fotediradialdiatinemfromat t ern. Al |

3 experi r atiqns_of..di gl ect rophor.esi s _are consi st ent
with the funga?eeﬂtagﬁHl‘é%eilc'rfhrﬂoarr%g’g#ﬁﬁagla?g%u?@ﬂgﬁggngﬂﬁ’aﬁqw..

There are hhdas Xfimetionofithe “effective? Aklifunt pHIRtABIIAR! TRE fordd§se i ncl ude:

el ectroni c pol arization, where electron distribution about the atom nucl ei

i s slight| getgptiancvignagurgita vaique patterp of the terget's spatiabgradient af theel d;  at oni ¢
pol ari zat i hey. ons’ . di.stributigons within initially neutral '
matter ar ePors}Fl! %Yﬁﬁ@ﬁé@q@#ggwﬁgéhﬁ%ﬂ?“ﬁ%@wnm (esking &9 ectric field; "
nomadi ¢ popaintylt tHireshi6s 6f the 196 okt df thP HadiERE Sattefl.Canhi 9hl y

del ocal i zed el ectron . g
experimental results and equations of dielectrophoresis are consistent with the

fundamental electromagnetic laws (Maxwell’s equations).

There are five known modes of dielectric polarization. These include:
electronic polarization, where electron distribution about the atom nuclei is

slightly distorted due to the imposed external electric field; atomic
polarization, where the atoms' distributions within initially neutral matter are
slightly distorted due to the imposed external electric field; nomadic
polarization, where in very specific polymers, etc. highly delocalized electron
or proton distributions are highly distorted over several molecular repeat. units
due to the imposed external electric field; rotational polarization (dipolar and

orientational), where permanent dipoles (H,0, NO, HF) and orientable - - ~~— -+ — v ___
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or proton distributions are highly distorted over several nolecul ar repeat

units d t | nposed external electric field; rotatio rization

(di pol a;@%&“%%?ent ational), where permanent dipoles (HZOWS%})@M

ori entabl e pendant polar groups (-OH, -Cd, -CN, -NJerr]) hung flexibly on

mol ecules in material are rotationadly aligned toward the external electric

field with characteristic tinme constants; and interfacial (space charge)

pol ari zati on, where inhonogeneous dielectric interfaces accunul ate charge

carriers due to differing small electrical conductivities. Wth the

i nt er f aci glengaitapolar groups (-OHe-CleN 1 -NQy) hpag fiexiblyr qemaleculesimt ed t o

neutralize the jnterface,charges distqorts th xterpal. electric field with

char act er i@?tFEa]tqrﬁPtEWIXHﬁggedstow“& eeﬁfé‘“‘ﬁie %"F“’tgégé‘“ﬂbdes“of .dielectric

pol ari zat i i, G0N | £ ' L in distance
Mracferhib 'Exg}gf donst3htS ,lﬁ{éiifa@fﬁifﬁsﬂgge ?lﬁéé‘eggpiea?ﬁh‘n{lr 24 S,

scal e and occur "rnstantaneously" as soo0 €lectric field is

i nposed anghere ihonkugeRedu’ didlectelt alt@ifFides acpmiite thaigt chierd@ietol al- at very
hi gh frequencies (infrared and optica &l The | ast two pol ari zati on nodes,

I
r ot at i onaldiffexing small elestrical conductinitiess UWVith the interasial polasizatiom thi st ance scal e
and appear_dwpam cal |l y_over ti Lth charagterjstic . tine nstants to help
hcr ense URETNRE P clerdh sberin diedts peitalins fueipteleos phacds G367 1" T o
toward t handieRlefifal Blettricdtid ith chhraéREistié tifRdARMNts. These characteristic
material time constants control the dielectric and nechanical response of a
mat eri al . 4 "~ The

nodes of pol arizatjon ,and their nam cs,in contributing to the tine
evol ut i onpof di ﬁ%@w fhregmg ?%?ﬁ‘gglﬁ?té‘cﬁ?éﬁég% eh‘f"@é‘t"i QUGN i cat i ons,

SUCh 85 H b3 re RloPie HPMRARES ke AL OGRsbibiBily? s Bigios (1978); R

Schiller Electrons 1n Delectric Ferradi ni, In (eds.), CRC
Press (199%is)the axteriial elSctniclfiedd is iiviposabamixontritnite ta the diebebtfi el ectri c

Rel axation, |EE ansactions on, Electrical .psulation, 24, 199 (1989), the
el | EnownEaRStEEh PhE TARciigl AL FeTH ME By bispoien GBRRIG A8 AP oTBR ence.
I f an ext ks Lel [ entr,] 1 [ ' ctric materi al,
t he forceelr wo é’g%‘{a\*/‘gﬁ}’rggbﬁéﬂ?lﬁ°§£’f}":’#‘7¢f‘3‘§w%‘af§‘%|&r‘@%‘%}%s orces on free
charges, bmacdsqpic n distandescaleand appery dgsamichlly bzarltinee dithol es, .i nteracti ons
bet ween the di poles and di nensi gn, changes_due to the electric field (E)

i nsi de t he"hi’l'f%qt@'tsﬁlﬁiﬁénen‘_é&f’é‘iapﬁ to hﬂi’é“@"éﬁ@r*&!‘ h%‘! frpaveney diglegiiesi ty can be
defined I n. 3EEQE SR EGolbS A € tdvilrt BV 1Sk file Wbh it at zero frequency.

These characteristic material time constants control the dielectric and

mechanical response of a material.

The modes of polarization and their dynamics in contributing to the
time evolution of dielectric constants are discussed in various publications,
such as H.A. Pohl, Dielectrophoresis, Cambridge University Press (1978); R. |
Schiller Electrons in Dielectric Media, C. Ferradini, J. Gerin (eds.), CRC
Press (1991), and R. Schiller, Macroscopic Friction and Dielectric
Relaxation, IEEE Transactions on Electrical Insulation, 24, 199 (1989), the

well-known teachings of which are héreby incorporated by reference.

If an external electrical field E, is applied to a dielectric material, the
force (F) has a volume density (f=F/v) that includes forces on free charges,

_bound pairs of charges acting as polarizable dipoles, interactions between the
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f = F/v =1[err] E-1/2(Eerr]E)[err]+1/2[err](Eferr] E) + 1/2 ([err]/

[err])[err] (E[err]E) f = electrostatic + dipole-E[ferr] field +

di el ect ro/@8rd8832s + el ectrostriction PCY/UBS848052 f or ce
force force where E = dielectric permtivity of the materi al
(which equals Klerr] where Kis the,dielectric constant of the material and

[err] is the dielectric perm’tivity4of free space), a = polarizibility of

the dielectric material, V = spatial gradient vector mathenatical operator,
[err] = partial differentiation nmathematical operator, [err] = volune

density of g aﬁgaﬁmlaﬁm&mﬁg'ﬁ@%mﬁﬁcm&%hadv(ebmméaie@&m-ty of the

dielectric terial. he vast majority of dielectrics, [err] =
0 so therematriab Eieegraners valuime forveadensity ¢an weodefingd iraccoRlamce svithy, with t he
exception of piezoelectric materials, [err] =0 (i.e., there i's no density
variation in the dielectric constant), and no el ectrostriction force has to

AE/E&%EE' SarE = FAf= W E-1/2(E,ENNs+1/2a9(E.E) + 1/2( O nass & /D §1,,)V(E o E)

di el ect r oki nesif=f electegstaticne dipplel- &, Held rt Hieldctrophoresis ah @dldchrestriction

di el ectrophoresis force, t r emai 0 be si der . The first
di el ectrokinetic force equgp’zcezeroﬁl;}']&t he ‘Cogg or grggfcgnt of the dielectric

permtivity [err] = Klerr] is zero (i.e., there is no spatial variation in
t he effeCt{h\réEi' ﬁii el ectr{ign_constant). If there is sonme spatial variation in
the di el ect¥i® %Wﬁlﬁ , 'then a relatively large force occurs, since the

second t er bR Ea\afkléchic bérnifiPityof th Bhatshl PhicRqBRE K, iviheté K1 Squared. A

sinpl e exanple of the first die€lectrokinesis force is where a warm i quid
(havi ng a thewlielectrie constant of thenmatarial andag isthiedi¢lecttic germitistity b€r ef ore a

non-zero spatial gradient),i.s s ip,notion toward the .l ower electric field
"ogi ons. | Hebsisrh paxpaarbify Pt dioioctie Hascria o sPRRAL Rt ar s of o
body are SO@&bﬁh&ﬂﬁgﬂ?ﬁE&?%geﬂto%' &8¢ 'mcaék)&ﬁaﬁﬁfeﬁefr&hﬁgﬁ FrafheBiiEht | VI Y [err]

is a conplex material paraneter, i1n"particular, for "pure" polyners, as

wel | as " pbpertior, & 4\ vbluarealensityeof fireetharges (carribisprand Rf,, poolume s wi t h

additives to oyergo chegmi cal processing chall enges and end-use product
f unct i onal ™as ?”é’ct}'ggg‘.e ‘gg"éc"ﬁ?‘ﬂ%t?fﬁi , . _

In the vast majority of dielectrics, =0 sd there is no electrostatic

charge
force to be considered. Similarly, with the exception of piezoelectric
materials, 9¢/3@ ., = 0 (i.e., there is no density variation in the dielectric
constant), and no electrostriction force has to be considered. The two
dielectrokinesis forces, the dipole-E,field force and the dielectrophoresis

force, thus remain to be considered.

The first dielectrokinetic force equals zero if the vector gradient of the
dielectric permitivity € = K¢, is zero (i.e., there is no spatial variation in the
effective dielectric constant). If there is some spatial variation in the dielectric
constant, then a relatively large force occurs, since the second term in
Equation (1) is multiplied by the electric field squared. A simple example of
the first dielectrokinesis force is where a warm liquid (having a lower
dielectric constant than cold liquid, and therefore a non-zero spatial gradient)

is set in motion toward the lower electric field regions. In a complex
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Krevel en, Properties of Polyners and Correlation to Chem cal Structure,

El sevi er £1976), the teachings of which are hereby i
referencg%&?@s The third termin Equation (1), the di g ctroe’i?orem S

force, enunciated by H Pohl, involves the spatial gradient of the el ectric
field squared. Hence, this second dsel ectrokinesis force is smaller than

t he di pol e-di pole dielectrokinesis force. Therefore, the net force density
can be express as: :

AVENDED SHEET 6

f = F/v = dicletricibody; 1@)\76[1;9 thenalhparts of a-hodw aee snagiplly matched . f'= dipole

vonsr 1y ( (eltphRay, The aEECOIRRERNTE s bRy maperlil Bptigies w?! o"er Y
F=-VU  whg4rgbilat, et “parr gmy(xﬁars,las vﬁélpaswglasﬁ@s" iR ofith rhiRfurs0

el ectroki nesis forces invol ved Ther efore, one of two S|tuat|ons
can occur: o:(hl\;nqsewfrpplmsm@taddqms tcaverporandhmafpms&ssuhgei ectroki nesis :

force in Equ n 0 arts of the corrplex
di el ectri cqlﬁﬁ?ﬁ) raga “a? Bpgg[aﬁrnllt"'&‘(éﬁ’?‘}?lg ce B.W-Van

Krevelen, Properties of Polymers and Correlatton to Chemzcal Structure,

Elsevier Press (1976), the teachings of which are hereby incorporated by

reference.

The third term in Equation (1), the dielectropboresis force, enunciated
by H. Pohl, involves the spatial gradient of the electric field squared. Hence,
this second dielectrokinesis force is smaller than the dipole-dipole

dielectrokinesis force.

f= F/v = —I/Z(EoE) Ve+1/2 aV(EoE)
f = dipole-E, field force + dielectrophoresis force

Therefore, the net force density can be expressed as:

The electrical energy density (U) stored in a dieléctric body can be expressed

= -VU

as:
whereby the energy (U) is the volume integral of the two electrokinesis forces

involved.

Therefore, one of two situations, can occur: (1) Ve does not equal zero,
and the first dielectrokinesis force in Equation (2) is dominant (i.e., the
various parts of the complex dielectric body are not dielectrically spatially

matched) and the total energy of the system is large with large variations,
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mat ched) and the total energy of the systemis large with large variations.
This situation denotes "no match detected;" or (2) Ve equals zero, and the
di el ect roypts8r48852s (Pohl) force in Equation (2) is dom nantPGR/US98/e8032¢
various parts of the conplex dielectric body are dielectrically spatially
mat ched) and the total energy of t systemis small with small variations.

This situation denotes "match detected.” In situation 2 (match
detected), force density (f) is expressed as: f =
FIv = 1/2Ferr]|K, [err]Eerr]Eerr] f=F/v

/
= 1/2 G [ ergsh singdedofdehdtes "Maehﬁeﬁc@dﬁ[&r(zgv@eqwiéotd?xatﬁé ectrical field
in dielectric (E) to external field (Elerr]), G=3 (Kerr] -

Kl err])/ ( Klielectrophoresis(Pioh)) foree irs BhuationaR) is donipand (té.cthe various obj ect s and

7 G=2 (Kerr] - K.rr])/ (Kler + Klerg for.cylindrigcally shaped

di el ectri clgaé{ﬂ@ %C‘{'WLIF’Hd&Cgﬁ[‘PRj{Y%%dG[?éP@JéhY ﬁ@@@&#%ghédgﬂnéﬁesmlto eri al
inth j sd ' i : kallyv..patehed t
refer:nigt@gﬁ%@refn%ﬁ %Fﬁ%}é#grﬁi“@e}%tgg{"ﬁ‘égﬁ*‘e‘?%‘%f??’%ﬂé{é’ég aht(:: gf tﬁea

sur roundi ndenbtesi“thatchatetseted™ quid)), and Uerr] = the electrical energy
density "stored" in the external electric field E[err]. . It would
be advantageous utilizing the concepts noted above to enabl e the detection
of polynmers and plastics and other organic/inorganic materials irrespective
of the presence of intervgiwng/vi & oA2abW|KjckiBESt ructures, barriers or
EM signal s. SUMVARY OF THE | NVENTI ON Such
an application has been achieved in accordance with the present invention.

The invention rﬁigﬁﬁﬁoﬁg(ﬁ;adﬁtdafac&a?,%foemeﬂﬁwedf)i@eﬁpies@uia@ﬂs of initially
neutral matter objects, which has allowed for the detection of hidden

speci fi c pohswedi s GRdconvays theslegtrical feld iglielegirie E)dp extespalifiddhat i on even

s Uhe pr clbhab o Gandon(s s PRCEbt e ali bR aRictifd Sbitgatd! v €1 T erence-
f=F/v = ]/ZGVIZUa‘

G=2(,; - K)/(K, + K,) for cylindrically shaped dielectrié objects (with K,
being the dielectric constant of the material in the sphere or cylinder that is
dielectrically spatially matched to a reference sample, and with K, being the
dielectric constant of the surrounding fluid (gas or liquid)), and U, = the

electrical energy density “stored” in the external electric field E,.

It would be advantageous utilizing the concepts noted above to enable
the detection of polymers and plastics and other organic/inorganic materials
irrespective of the presence of intervening vision obstructing structures,
barriers or EMI signals.

SUMMARY OF THE INVENTION

Such an application has been achieved in accordance with the present
invention. The invention relates to a detector using novel combinations of
initially neutral matter objects, which has allowed for the detection of hidden

specific polymers and plastics with a high degree of discrimination even
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The observation of a dielectrophoresis force effect is usually through a
torque-t " ion at a distance" and the manifestation o%

di el ect reoo%‘ﬁgg?g%&s forces acting at variable, yet integrata ?‘e‘l,us%almssggznces
froma well-defined pivot point and |ine as is described in conmmonly owned,
co- pendi ng patent application seri @ nunber 08/758, 248, the disclosure of
which is hereby incorporated by reference. In the present invention, a
different technical strategy is enployed wherein the initial neutral matter

object is .the entity target to, be detected, ereas in the co-pending

appl i cati &?}wwmﬁﬂisé\dgﬂ%ﬁ PQP“‘%F&‘SFBW“HBT%%‘“F@? praly diffetense et ect i on
medi um it ' | source object with identical

chenmi cal zﬁéi’{ﬁsée!fégc ?lﬁsceﬁ[@j?g%cert I'es 1](j)‘a"'!tshose of the initially neutral matter
"target" material object is used as the detection

AVENDED SHEET , , . . 8  nedium
The external el Eaaobservetien of diglectrephgrasis forceeffent anuspally dhrough ar e produced

by continyal statig 8 fyﬁlﬁ%ﬁg%’"agﬁg%f %15‘1? sqagt %cr?glaﬁr re(;c rence med_i um .
|btself. T#P‘équépfgéelaalc é’?% 'ent o dEFRESBN URTECPROFSPhal el ectric
field prodysaRs atind flvafhblepfee iReiratablR] 8RtaABesPHYmiadREN-defhed pidbt i @l | y

neutral target material object comng within the proximty (range) of the
det ect i on peauti amhling@s s ddseribsddnicomnionly owned,sloepsndingpdtenti derit i cal t ar get
and detection nediumare ,ne ' |y constrai .SO. to not be able to
move in r fPRYRREONSET eé?’g@??f}ak‘n idbscf%f‘f?eé}e"gl?‘ﬁgé;ﬁqm%nsequentIy, t hey
cannot  meqhadh6atddbylefitRal ¢ t fEntort 4difientidEifcdlS gener at ed.

As the id(ea;hlt@(?}?aﬂEi tar)glleet mat er | gﬁe%?éépnter%st ’corlres Wtsetéﬁiﬁﬁct he proximty
(range) ofstiategydeemployed mbereimthetibitiabndwrah adattet eljectiis thei emtity pr oduced by t he

continual static electrjfication produces an jnduced polarization pattern
in an ini t'A%EeE ip brdptects ’“@QFﬂaFBhﬁhelcaﬂlfégmﬂé’PB ¢ation, &ﬁi‘ﬁ’ﬁ‘a{ﬁ%@energy from

errl. t Neafliier SRS binkrab OGS Mol U0 1AMIs BhRED Ridterddr©! 0.
The mani festation detection signal used to Indicate the presence of the
speci fi ¢ tsomeceasbjexit adthi identjval ghemical and distectric propertiestotigsaoftheat eri al is an

electric en surge in the form of .cur.rent. su froman el ectronotive
in?tga?lg' neutr mattert"target” material &31 ect is used as tl;g Setect?on

medium.

The external electric field and the spatial gra&ients thereof are
produced by continual static electrification of the detection reference medium
itself. This spatial gradient of the detection medium’s external electric field
produces a dielectrophoresis force on any idehtical, initially neutral target
material object coming within the proximity (range) of the detection medium.

Both the chemically and dielectrically identical target and detection medium
are mechanically constrained so as to not be able to move in response to the
dielectrokinetic forces present. Consequently, they cannot mechanically

dissipate energy, and a current surge is generated.

As the identical target material of interest comes within the proximity
(range) of the detector medium, the external electric field produced by the

continual static electrification produces an induced polarization pattern in an
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energy source (battery) attached to the detection nediumvia an electronic
circuit. Wth a detection device incorporating the structural concepts
accor di NYO8M49H2 i nvention, plastics and other entities cHETHESIEBW2t ed

i rrespective of the presence of any intervening, vision-obstructing
structures or barriers (suitcases, gvalls etc.) or el ectromagnetic
interference (EM) signals. Al other (non-matching) plastics and other
materials do not give an energy surge because the forces and associ at ed
energy is nmuch |arger than can be supplied by the electronic circuit

3t tached tifitially abera identidalahmet maferiamﬁﬁmakéso&ﬁ}ggdﬁ%mttm thet he detection
evi ce.

BRI EF DESERerRy|densityrstaneg imthe\spsecanl electric figldr t her obj ects and advant ages of
the present invention will be described in detail with reference to the
acconpanyi ng draw ngs, in which: ' FIGURE 1 is a schematic draw ng
of the detecti omhdmaMitu¥aM0f dbicltion bikSalQlsedid infickiethé plekdifts of it POSi tion of
the identical target nmaterial of iInterest and its I nduced polarization
pattern; apecific type of plastiGuriymei or atherdirgamit/inorghnicunateriak isanpr ot ot ype

electronic circuit attache o0 the detection _medi um . DETAI LED
DESCRI PTI IS BHeERLtee) léﬂﬁﬁﬁ%‘mﬂt surge-fiom R glsFEOmONYS st ration
SChemt'C%P%ﬁg%éPMrﬂoﬁﬂaEﬁ o%he Qe REGRS @felé nigNtity 1 having

a source o stdatic electriftication 1la and an ectronic circuit
| b to prowintaitaiWith 8 detectiorcdeviesrincarpompting Thecstaicatralcontapts ri f i cati on source

la induces static chayges,2a-2g.on the reference maerial, which is
nechani calﬁcﬁo’gﬁ%tp Wé!anti%eégwfw,otb@e&%mb&ff?&ﬂe%uni formelectric
field, ill; . ' . el bl Laue spati al
pattern asl%ﬁ@ﬁgésiogéﬁ #‘%ﬁ%e%aﬁ?gt%@a |gékl?l°%aﬁ§g}l%ﬁl\é%@cr e sg#ence

materi al  cdapgiérs (suitcases Owaltyawt.) o electtiinigietic inérferonicEMI) eighdlspl ane 4, .
t hereby inducing opposite charges 5a-59 on a surface of the ground plane 4.
Concept ualAl} other Grpnamaiching) plasticsandother maietialy do notgive pyerergy el ectri ¢

material 7 | Vi e I ric fi | ines 3a-3g and
spati al grsa Z?ﬁ%él,léegfé?g&rrpe%aaﬁlﬂg#o%[ ar g%a%e?%' ﬁérg‘f %‘r‘%’%%%ﬁlé gan hﬁ t he- target
materi al Zsuppfied byethdictdctrohici circhit aftedHed 26 a@éfeichbe HidlcgRlc mavedal al -7 are

i dentical to those of the .
located within the detection device.

BRIEF DESCRIPTION OF THE DRAWINGS
Further objects and advantages of the present invention will be

described in detail with reference to the accompanying drawings, in which:

FIGURE 1 is a schematic drawing of the detection medium position,
its electric field lines, the position of the identical target material of interest

and its induced polarization pattern; and

FIGURE 2 is a schematic drawing of a prototype electronic circuit
attached to the detection medium.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
The Figure 1 illustration schematically shows the position of the

reference material entity 1 having a source of continual static electrification 1a

and an electronic circuit 1b to provide an electric current surge. The static
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reference material 1, only the dielectrophoresis force manifests itself in
accordanqsoﬂkkgﬁﬁhe di el ectrophoresi s phenonena di scussed Iﬁ&mﬁﬁ& use
the target “rmterial 7 and reference material 1 are mechanically constrai ned
10 (descri bed below), they do not respond to the diel ectrophoresis force,
and the electronic circuit I'b provides a quantifiable current surge in
response to the creation of the polarization charges 8a-8d. Fi gure
2 is a detailed schematic of the detector according to the present '
invention including electronic circuit Ib fromFi A reference

mat er : al cféﬁ?ﬁ’éﬁca!&n sewEe A induces afitsehasgasdardgon &‘g;@%ﬁ!@e mat Sr i alh .
o ound: ng RN ERIERRLENGITRL R BB, GoaiEadic 0L L Ol

rod 16. ThemifohfkRRER figldsllustatedBylifes 3a23¢. SThe fielddings hivea Rifiqie Of

conducting end inserts 18 such as steel nuts at opposite ends of 'the
chanber . | rspatinl patternaa wellsasaomiqupspatialgradientatien. iktiengferénce 14 -i-s. coupl ed

directly with one,of .t onducting,end inserts 18.. An adjustabl e antenna
20 1< coupliienetsetiigs Kt e soung Bt olis EHEHY) have o
common  gr oypahfh fe Sh?fls S5k dRa sitEeUH R BrouR@ phAEYSS 1O | ncrease the
proximty di stanécgbﬁ(orga%ge)géosf tﬁ% dgtsector. groundp The grounding wire 14
is connected in series to the material, which connects in series to a

copper wire indugtor choke 22 such.as a 1 00-turn co [ ,wWre inductor. The
choke then connec?neep iér"i’lé"élac"dnttﬁgyé‘ﬁ}“éalieﬁﬁm° taéé)egﬁgh’rf“é‘ffect

t ransi st or : : : i L. | r 26 cl oses
a detector %iﬁfréﬁllujt: ge%ulﬁt er F e?%xgﬁﬁ;cgﬁlg?thﬁieeﬁds%ngat%é%ﬁ‘@eagfa{)o the gate
i nput Vi a tdradielws)qoldtizatidh ehargesc8u-8d 21k indudeddmsthe target material<s’. dfnnecti on, a
current neter 28, a variable 100K [err] resistor 30, a fixed 22K [err]
resi stor 32‘361)e g ERFOPFIHES %&’Srtarg?‘g‘ﬁ?tegﬁl,?gﬁdged‘tlﬁﬁlttf’ék‘gﬁeﬁ the;ych as a

9-volt batt e [ LSd :he selected in
accordance @Mfezf%ncg%ﬁ%mf ox%lgg.{xo% gfegg&é@ésrﬁréefo\é% %‘gﬁg%%ér%%? elgi stics, etc.
When the dejcecidaticecwitle thel digléctrephotesizgsheRymemediscusted sove. Becadsee battery 36

appears across the | oad 30/32 and |ight 34. . .
. the target material 7 and reference material 1 are mechanically constrained

(described below), they do not respond to the dielectrophoresis force, and the
electronic circuit 1b provides a quantifiable current surge in response to the

creation of the polarization charges 8a-8d.

Figure 2 is a detailed schematic of the detector according to the present
invention including electronic circuit 1b from Figure 1. A reference material
chamber 12 mechanically constrains the reference material. Examples of
suitable reference materials include PVC, ABS, and others. A grounding wire
14 runs through the reference material to a grounding steel rod 16. The
reference material chamber 12 is closed with a pair of conducting end inserts
18 such as steel nuts at opposite ends of the chamber. In an alternative
configuration, the grounding wire 14 is coupled directly with one of the
conducting end inserts 18. An adjustable antenna 20 is coupled with one of
the conducting end inserts 18 and may have a common ground with the steel
rod 16. The antenna 20 serves to increase the proximity distance (range) of

the detector.
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The conponents of the detector can be suitably arranged within a portable
sel f-cont ai ned casi ng 38. I n operation, the continual static'

el ectrifiVWaOBMS8our ce 10 keeps the reference materi al sanmBCEU$s8O8e5d on
its outside surface, providing an external electric field and its spati al
gradients. Wien the target material,to be detected 7, matching the
dielectric properties of the refereh e material 1, is caused to enter the
electric field and its spatial gradients provided by the reference nateri al
1, energy is wthdrawmn fromthe external electric field in accordance with
t he general volume force-density concepts di scussed above, generating a
current surge along line 14. The small current is sufficient to cause the
field- effect t Thagramdinggired4dd connetthd inseries totheahateriali whith t hereby
generating a curr.ent ulse thrgwgg the current nmeter 28 and the .indicator

l'i ght 34 bf,och{sdgsm S{'R @ SHRPETVYe inductopehoke A sugh asad Ofdwrmr 28 thus becone
an indi cat ?B]Ej;?]égmn&wt&enfhes&ﬁbﬁ@ﬁmeﬁréohh&?ﬁ d:‘ken@ﬁ% Otgxgggte&jx Q(jll-ca.t_or of the

presence o target materi n accor ﬁe pr esent

i nventi on, fishl effecttrasistel 26; sndicastd NTE F2FBhaTheficldlefétemimsisdier eof can be
pr oduced b&éa source of continual static electrification of a detection

ref erence &Mﬁﬁa#tsctebamuaq 24jundler thercontspbefitbe signal provided tpther esi s for ce

on anyide | terlal object conmng within
proxi m ty {qu‘}}géﬁ cﬁbl&é@?ﬁéé’}{f&@;ﬁ%w T4t ﬁﬁ?ﬂeﬁ BRRAOPLR | ef er ence
mat er i al aadrréﬂ”t(inététrﬂi?h VaFAKIE 1 0DK AY fesi¥es30NA Gkl 12RO dsiddr el a the

di el ectrophoresis force manifests a cur r ent surge sufficient 'to activate a
det ect or cpm@nttmdtmtgwhdmtﬁg @Q:%lbatmw%mugbasa%vo&lbmm @Eter and/ or an

i ndi cator |] e the.invention has been described in
connect i on V\}?(F?T %%rgnﬁrgsxaﬁué %'ﬁsfa{!&ﬁﬁ’l&’é?‘é&‘?‘ﬁmf@n%@" §PPWVekti cal and
preferred guiyBERRE Metdr28 chatdRtelticd) oI SWRGHH on is not to
be limted to the disclosed enbodi nents, but o%tat@%gioggg%‘?‘g?egé is i nt ended
to cover vé&losediby thedramsistori26nthe battery 36 appears across the load 30/32 and

AVENDED SHEEE 12

The components of the detector can be suitably arranged within a

portable self-contained casing 38.

In operation, the continual static electrification source 10 keeps the
reference material sample charged on its outside surface, providing an external
electric field and its spatial gradients. When the target material to be detected
7, matching the dielectric properties of the reference material 1, is caused to
enter the electric field and its spatial gradients provided by the reference
material 1, energy is withdrawn from the external electric field in accordance
with the general volume force-density concepts discussed above, generating a
current surge along line 14. The small current is sufficient to cause the field-
effect transistor 26 to close the detector circuit 24, thereby generating a current
pulse through the current meter 28 and the indicator light 34 by virtue of the
battery 36. The light 34 and meter 28 thus become an indicator of the current

surges on line 14, and thus an indicator of the presence of the target material.
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and equi val ent arrangenents included within the spirit and scope of the
appended i
AVENDED %@(@53 PCT/US98/08052

11

In accordance with the present invention, an external electric field and
spatial gradients thereof can be produced by a source of continual sta\tic
electrificatioh of a detection reference medium. The spatial gradients produce
a dielectrophoresis force on any identical, initially neutral tar_gét_ material .
object coming within proximity distance (range) of the detection medium.
Because the reference material and the target material are mechanically
constrained, the dielectrophoresis force manifests a curreﬁt surge sufficient to
activate a detector circuit, providing a current surge to a current meter and/or

an indicator light.

While the invention has been described in connection with what is
presently considered to be the most practical and preferred embodiments, it is
to be understood that the invention is not to be limited to the disclosed _
embodiments, but on the contrary, is intended to cover various modifications

and equivalent arrangements included within the spirit and scope of the

appended claims.
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VWHAT | S CLAIMED I S: 1. A diel ectrokinesis detector for detecting
the presence or absence of a target material, the detector characterized by

conpri Si WO 98/49552 a detector housing (3 8) havi ng aPCEAISSEEROS2

mat eri al chanber (12); a reference material (1) disposed in
sai d chanber, said reference materiI?rI bei ng selected in accordance with
dielectric characteristics of the t'drget materials .. ... a source of

static electrification (10) disposed in said d housi ng, said static
el ectrification source being directed at said mﬁ”@i{ﬂ" H”ml to t hereby
I nduce a s i { A9nvPip 8Ll d reference materi @l a

det ection Wﬁézﬁf[’?gcm%@ I n said housing, said deét edti bn circuit

bei ng activated in accordance with the presence of the target ‘material by a
mani f ested di el ectrophoresis force by virtue of a non-uniformelectric

fiel d having aluni giedielgetrokinesisetactor fandetecting the presenceionmbsangei ent pattern

generated b he .stati n the.reference material.. " 2 A
di el ect rokPﬁ%iﬁrgetﬂiﬁaéptﬁgg&%@f’gfﬁﬂpg%n%l aim1l, further conprising a ground
lead (14, 16) di spoadstetior Bodig havig £ AfeRdhéCmbiefial olaidbegai d ref-erence

material (1), said ground |lead In_one direction being coupled to ground and
in an opposite direaréfereneematerishdigpased insaid chambsy, sakbreferange serves to

cl ose said detecti.on circuit (2 in ordance, wi th.a. curent in said
ground | ealf® ena%emgge_a ectea')—? 5%8@@9??3%%@?@‘8%@?@%&8% ing to claim 2,
wherei n t hearp¥tirh@&Bridl26) is a field effect transistor. 4. A

di el ectroki nésis detector according to claim?2, further conprising an

i nduct or choke (22) aisnursepf statiglettrifigatibrdispesad ireseadd datacton 6) bet ween sai d
Lﬂgﬁg&gc gHgg;[fsenrlé,%Lid(s%gticacqgcugﬁéa%mslVsmoﬁr%g ngzng)directed at said reference

material to thereby induce a static charge on said reference material; and

a detection circuit disposed in said housing, said detection circuit

being activated in accordance with the presence of the target material.

2. A dielectrokinesis detector according to claim 1, further
comprising a ground lead disposed in electrical communication with said
reference material, said ground lead in one direction being coupled to ground
and in an opposite direction being coupled to a switch that serves to close said

detection circuit in accordance with a current in said ground lead.

3. A dielectrokinesis detector according to claim 2, wherein the

switch is a field effect transistor.

4, A dielectrokinesis detector according to claim 2, further
comprising an inductor choke in series with said ground lead between said

reference material and said switch.

5. A dielectrokinesis detector according to claim 2, wherein said
reference material chamber is capped at its ends with a pair of conducting end

inserts, said end inserts and said chamber mechanically constraining said
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14 : 5 A di el ectrokinesis detector according to claim 2,

wher ei nvsgbghgs.gj erence material chanber (12) is capped at pichfusRggsosyi th a
pair of cofducting end inserts (18), said end inserts and sai-d- chanber

mechani cal ly constraining said reference nat m 1 ' ound | ead
(14, 16) being electrically conneded to oneet , mmm mﬁmmm{ts

6. A di el ectrokinesis detector according to clfai m 1" wher=i n said
detection circuit conprises, in series, a current neter (28), a |load (30,
32) and a_hatter 36) . . A A di el ectrokinesis detector

accor di ng'%ee?#mgﬁa §itid eroyndJead being %‘E?tflﬁﬁiyc?qn@ﬁé‘f’g?‘ﬁﬁﬂe ?ﬁ’r‘f er conprises
an i ndi caggy jusédit (34) disposed in series with said load (30, 32) and said
battery (36), and wherein said | oad conprises a variable resistor (30) and

a fixed resistor (32). 8. A di el ectroki nesi s ‘detector, according
to claim1l, erei id reference material chanber (12) is, capped at its
ends with a p&r o‘?\ ‘ﬁ%ﬁ%@??ﬁ& ‘Sﬁﬁ??t?rr?é’ﬁ?’fig‘g(@@i%‘ms]aivﬂ'eéﬂ&sﬂﬁ‘ser t's.sand said

chanber | k| | i ) 9.

A 'di of et LopPRufaial (SRS (e U R P u U R B ) 61 g an
antenna (20) electrically connecting one of said conducting end inserts.

10. A detector for_ detecting the presence or absence of a non- conducting
target materi &, tAcliglscteltinesivdtecienaceording to\claimyp whereigsaid =~ a

reference terial r chani cal.l NStk al ol ref erence
mat eri al g%%?u%%uﬁgﬁggerncg gp%f’g% ‘é’?‘%@?#&&%‘?@ﬁg@ ?ér{‘neg(@g? dance with
di el ect ri gaidheddrdideaidhatesy, ahd WherdiR 546 loadibfifpridts a variable resistor :

and a fixed resistor.

8. A dielectrokinesis detector according to claim 1, wherein said
reference material chamber is capped at its ends with a pair of conducting end
inserts, said end inserts and said chamber mechanically constraining said

reference material.

9. A dielectrokinesis detector according to claim 8, further
comprising an antenna electrically connecting one of said conducting end

inserts.

10. A detector for detecting the presence or absence of a non-
conducting target material, the detector comprising:

a reference material chamber mechanically constraining a
reference material, said reference material being selected in accordance with
dielectric characteristics of the target material;

a source of static electrification directed at said reference
material to thereby induce a static charge on said reference material; and

a detection circuit disposed in said housing, said detection circuit

being activated in accordance with the presence of the target material.

T
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a source of static electrification (10) directed at said reference

material _to thereby i nduce a static charge on said reference materl al ; and
a det ect WEhO84%3i t (24) disposed in said housi ng, sai-¢ -dePeTUSH18033 fcui t
being activated in accordance with the pre et material by a
mani f est ed di el ectrophoresis forceghy vi rtﬂmm"m !‘E@tﬁﬂ'ﬂr melectric
field having a unique spatial pattern and a*um que gr adi ent pattern
generated by the static charge on the reference material. A
detector according to claim 10, further conprising a ground | ead (14 16)
di sposed in cddperaﬁﬂemcmthécosdangltddmeﬂmrthutmnpﬂsu(g’u)gromdd ground | ead

I n one d|re ,.on b pl ed to o nd and in an ., gpposite djrection being
coupl ed { dead dipase ltgmpwve& referepegaatenal spid grondilead o r cuit (24)

in accord ' A det ect or
accordi nga%}%%cw&% ﬁgv\g‘g?&eﬁl {n(p%rﬁgﬂési%g{ &%%gg)SQ%Sdléech bﬁ‘“ ffect
t ransi st orcoupled to a switch thatéexdet m&ﬂme saitodetettion cirouitirpacvordafice f urt her .

conprising an inductor choke ( in series,wth said ground | ead (14, 16)
bet ween saVith a@ﬂeﬁrétﬁeémésar@mdatpa 3571(1&?568%#@@8386?116&%5‘-’( ipaccordance 14 A

det ect i | chamb
((132)ecl grcg‘ﬁﬁgaﬁt}&%‘gdg? @m%&%m%@?é-?%g%s coné%c'?);l ngaélngegtsc(i&ersai d
end i nsertﬁelamdvmgladnﬁchwspeﬁal?ﬁmrmaaldm &@paﬁﬂmﬂﬁpiﬁeﬁ reference

material (1), sai round | ea 14, 16) being electrically connected to one
of said engenerates byt estanccharggpnsmdgef;ﬁ@ggmtergeécord. ng to claim 10,

wherein said detection circuit (24) conprises, in series, a current neter
(28), a load (30, 32) and a battery (36).

AMENDED SHEET 12, A detector according to claim 2, wherein the switch is a field
effect transistor.

13. A detector according to claim 11, further comprising an inductor
choke in series with said ground lead between said reference material and said -

switch.

14. A detector according to claim 11, wherein said reference material
chamber is capped at its ends with a pair of conducting end inserts, said end
inserts and said chamber mechanically constraining said reference material,

said ground line being electrically connected to one of said end inserts.

15. A detector according to claim 10, wherein said detection circuit

comprises, in series, a current meter, a load and a battery.

16. A detector according to claim 15, wherein said detection circuit
further comprises an indicator light disposed in series with said load and said
battery, and wherein said load comprises a variable resistor and a fixed

resistor.
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16. A detector according to claim 15, wherein said detection circuit

further \wougubssgs an indicator |ight (34) disposed in serigsdghgsp d | oad
(30, 32) andrsaid battery (36), and wherei-n-said-+oad conpricses a variable

resistor (30) and a fixed resistor (32). tector according
to claim 10, wherein said referenc® nmateri H,“!')‘H“tmnl mrms capped at its
ends with a pair of conducting end inserts ( , sald end=*Inserts and said
chanber nechanically constraining said reference material (1). 18.

A detector accgrdin claim r.th ri.si.ng.an antenna (20)
electrically égnne& é%fe‘ftB“‘Eﬁ‘f@rdéﬁg ‘é‘f’aﬁlf géxd’ﬁﬁngﬁja@ﬁ erence magerial 19.

A net hod @ss,m erial with a
det ect or ?E}%Iﬂﬁél %ga re g?gélce na r| a é(ﬁ%%ﬁn?&e%@t&%% glré?lllang a reference
mat eri al (dsertsand sald charbershedhanicallyeconstrhiniiy saddrefdr8pcednatesined at the

reference material, and a detection circuit (24), the method characteri zed
by conpri si ng: (a) selecting the reference materi-al in

accordance w t Sﬁ:ﬂi rial; '
(b) mechani caI Y% cons%%’ﬁ?‘%gﬁ{l%{ #lﬁ}rie‘}r;i’ce n%{ééﬁptr{%%o&q 8 in the
ref erence Mﬂll@lmﬁmoneofsaxdconducnngehdiriséttﬁl ng a Stath charge on

the reference material with the static electrification source; and
(d) activati ng the detection circuit in accordance with the presence of the

t ar get rraterl C ni f est d di el ctro horesis force by
virtue of a n unl“?é}e ogjlaogc e‘é%ﬁgp%pggﬁaaﬁ ge?ﬁ?l (fe tlal pattern and
a uni que %ﬂ&&hﬁ'wﬁi adéﬁ&brﬁﬂlddﬂighfb?&eﬁéﬂﬁdteﬂm dhathbet edritginilgal ge on the

reference naterial .
AVENDED SHigference matenal, a source of static electrification directed at the reference

material, and a detection circuit, the method comprising;: _

(a) mechanically constraining the reference material contained in
the reference material chamber;

(b) inducing a static charge on the reference material with the
static electrification source; and |

(c) activating the detection circuit in accordance with the

presence of the target material.

20. A method according to claim 19, wherein step (c) is practiced in
accordance with a manifested dielectrophoresis force by virtue of a non-
uniform electric field having a unique spatial pattern and a unique spatial

gradient pattern generated by the static charge on the reference material.

21. A method according to claim 19, further comprising, prior to step
(a), the step of selecting the reference material in accordance with dielectric

characteristics of the target material.
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