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The magnetic properties of chemical substances

have been studied extensively. Several types of

: 15 magnetism are known, including paramagnetism,
diamagnetism, and ferromagnetism. A discussion of these
magnetic properties is found in Cotton and Wilkinson,
Advanced Inorganic Chemistry, Third Ed., 1972,
Interscience Publishers, pp. 535-546, the disclosure of

20 which is incorporated herein by reference in its
entirety. _

A paramagnetic substance is one which is
attracted into a magnetic field with a force proportional
to the field strength times the field gradient.

25  Paramagnetism is generally caused by the presence in the
substance of ions, atoms or molecules having unpaired
electrons. Each of these has a definite paramagnetic
moment that exists in the absence of an applied magnetic
field.

30 : A diamagnetic substance is one which is
repelled by a magnetic field. Diamagnetic behavior is
due to small magnetic moments induced by'an applied
magnetic field in opposition to the field. These induced
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part. 15 one. Magnetic susceptibility is positive for
paramagnetic and fer;oﬁagnetic substances, and negative
for diamagnetic substances.
Magnetic permeability is a measure of the
ability of a substance to modify a magnetic field, and is
20 equal to the ratio of magnetic induction to magnetic
intensity.
Magnetic induction is a vector quantity that
specifies the direction and magnitude of magnetic force
at every point in a magnetic field.

25 _ Magnetic intensity is that part of a magnetic
field related solely to external currents as a cause,
without reference to the presence of matter.

Magnetic moment is thé ratio of the maximum
torque exerted on a magnet'or electric current loop in a

30 magnetic field to the magnetic induction of the field.
Magnetic moment can be calculated from magnetic
susceptibility. '

Many methods are known for measuring magnetic
susceptibility, all of which depend on measuring the
35 force exerted upon a sample when it is placed in an
inhomogeneous magnetic field. The more paramagnetic the
sample is, the more strongly it will be drawn toward the
more intense part of the field; the more diamagnetic the
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provide a simple, relatively inexpensive method and
apparatus for determining quantitative and qualitative

changes in the magnetic susceptibility of a sample.

20 It is another object of the invention to
provide such a method and apparatus that are adaptable
for use in an industrial environment.

' It is yet another object of the invention to
provide such a method and apparatus that are adaptable

25 for use in non-invasive biomedical applications.

It is still another object of the invention to
provide such a method and apparatus that are adaptable
for use in non-invasive biomedical applications in a
‘clinical environment.

30 Other objects of the invention will become
apparent from the following description and drawings and
the appended claims. '

SUMMARY OF THE INVENTION

35 A method and apparatus are disclosed for
detecting the presence of a substance in a sample by
determining the response of the sample to an applied
magnetic field. The apparatus comprises a first
electrical conductor, a magnet assembly disposed in
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performance characteristic of said first electrical
conductor. The sample is also subject to the applied
'20'_ magnetic field of the magnet assembly. The effect of the
sample, subject to the applied magnetic field, on a
performance characteristic of said first electrical
conductor is measured by said first measuring means, and
the value is displayed, and/or optionally inputted to
25 said data storage and analysis means. Subsequent
measurements of this same performance characteristic of
said first electrical conductor are made over time,
either continuously or at pre-détermined intervals. If
the sample is undergoing a chemical reaction or physical
30 change which causes a change in the total magnetic
susceptibility of the sample so as to alter the response
of the sample to the applied magnetic field, there will
be a change in the effect of the sample on the measured
performance characteristic of the first conductor. This
35 measured change can then be correlated to the chemical
reaction or physical change over time in the sample.
In an alternative application, the inventive
method and apparatus can be used to monitor changes in
the composition of a fluid moving through a conduit, such
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PCT/ US98/ 038T4el@ with the effect of the sample on the conductor in
the absence of the applied magnetic field. One way to
20 = accomplish this is to use an electromagnet for the magnet
assembly, so that the magnetic field can be switched on
and off. The performance characteristic of the first
conductor in the presence of the sample can be measured
with the field turned off and then with the field turned
25 on, and the two values compared.
Another way to obtain these two measurements is
to provide a second electrical conductor, along with a
second means for measuring one br more selected
observable performance characteristics of said second
30 electrical conductor. Ideally, the first and second
‘electrical conductors are electrically identical, i.e.,
have identical performance characteristics of resistance,
conductance, capacitance, inductance, efficiency (Q) and
the like. Alternatively, the differences in the
35 performance characteristics of the first and second
electrical conductors are pre-determined, such that
subsequent electrical measurements made in the course of
the inventive method can be calibrated to account for the
differences. In this embodiment, the second electrical
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The inventlve method and apparatus have wide

utility in both the medical and industrial arts, and
particularly in non-invasive medical applications, as

20 will be understood from the following detailed
description of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 schematically illustrates an embodiment
25 of the inventive apparatus and method configured to
monitor over time the progress of a reaction taking place
in a sample container.
Fig. 2A schematically.illustrates an
alternative embodiment of the inventive apparatus and
30 method, adapted for the situation wherein the sample
under consideration is human blood measured in vivo in a
selected region of a human brain.
. Fig. 2B is a cross-sectional view of a portion
of the embodiment shown in Fig. 2A, and indicating with
35 flux lines the presence of the magnetic field.
Fig. 3 schematically illustrates yet another
alternative embodiment of the inventive apparatus and
method, adapted for the situation in which the sample
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such properties as resistance, conductance, inductance,

capacitance, and efficiency (Q). :
The inventive apparatus further includes means

20 for applying a known electromagnetic signal to said first:
electrical conductor. "Electromagnetic signal" as used
in this patent is intended to include without limitation
electromagnetic waves of any frequency; and electrical
current, either AC or DC. The electromagnetic signal

25 applied to the first conductor is not intended to induce -
any physical or chemical change in the sample under
consideration, but is intended only to provide a
phenomenon, the change in which can be measured to
indicate the presence in the sample of the substance

30 sought to be detected.

The first electrical conductor is disposed in

operative relation to a magnet assembly which applies a
known magnetic field to the sample. As used in the
context of this patent, "in operative relation" means

35 that the magnet assembly is positioned to apply a
magnetic field to the sample under consideration. The
magnet assembly preferably will be positioned to apply
the magnetic field in a direction relative to the
orientation of the sample to optimize the effect of the
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per manent ma de&’sé&rﬂ?%" RE I MPTRHD o PRRFATL VS Felption orherptRes 33 and

35. As used iind.)) scdlftkta sSaslatis cin eaip XX hobdas 1éadan hsavaopet
coebly 31 WA ARt T o BRSNS 130, 1 1o
in sanpkg hoIMSMng)rdeﬂm A% vsAsmoes tthe vabpm a4 presebatted
Sl Ut on, - ( hETEAEmAHA RIS O (RIL A BEreftig K the
PCT/ US98/ 038 perfgrmance characteristic of conductor 12 being
measured, measuring device 19 can be a voltmeter, a
potentiometer, an ammeter, or other known device. The

20 value measured by measuring device 19 may be displayed
digitally on the device itself: or on an associated

- display device such as a chart or strip recorder or an
oscilloscope, or indicated as an audible signal, or the
value can be delivered as input to computer 30.

25 It will be appreciated that such measuring
devices and display devices may also be used in the other
embodiments described hereinafter.

Referring again to Fié. 1, first electrical
conductor 12 is positioned in operative relation to a

30 magnet assembly 31, which can be either an electromagnet
or a permanent magnet assembly having opposed north and
south pole pieces 33 and 35. As used in this context,
"operative relation" means that the magnet assembly 31 is
positioned to apply a magnetic field as generally

35 represented by flux lines 27 to sample 18 in-sample
holder 16. If sample 18 in sample holder 16 contains a
substance that responds to the applied magnetic field,
for example a paramagnetic material such as iron in
solution, then that responsive substance will be

. HAIRI



pol ari zed by the applied magnetic field and will alter the performance
characteri.stics of first conductor 12, as neasured by neasuring device 19.
The optloﬁﬁpmﬂgﬁﬂﬁter 30 can be programmed to receive data PEE ﬂ@ggﬂﬁing 5
device 19 on the performance charactewgstics of first conductor 12 over a
period of time, either continuously or at pre-determ ned intervals. Changes
in the val ue pcf»lahhﬁz@@rﬁprtnécappmaédcmaghethc tdelde andr wd/1at edttexr changes

ol 00 Provnt el SUPRLAERck chREaSEURIELLRS obeRIORY Kordbdiie OISl ©
noni tor the puegsve:ssdobyameasumag de&weoﬁ%r Fhes op&iionedn gemputempl e
18. For exanpig, g mebéngfaﬁksgmaanttsefuésﬁvaodma' ePonl feakuri ﬁﬁys' cal

changes that occur aresin, If the resin c ains a

subst anc® suc#e¥kce b d@Rathet Per ﬁﬁF@FP&P charagsexistdcs Pf &Fstse of

which to an a@@ha@dwﬁgnzt oveti al ﬁeﬁhaages &imbbeeritﬁéi: Joagefadu=ly a
liquid state to a_soli

3 %ate Slnklg ¥ %gﬁ I nvent i oN ca Q; ed to
nonitor the ﬁ?ﬁg?%sgrﬁT SCEREAPEY) 1pLer P&ﬁ ‘i f RILE N duces
or consunes athebpenﬁozmanaeuchhtgctespshacveahoheheoqmdlankdmmmetic

fleld For exaibhSes! in2rhBCHhORht! 82CLLBBLERERC A EALIGREAT consures 2

par amagnetic Ton g e concen t hat
paranagmﬂlczréﬂpessiﬁé teatheonagnecded£imlAl- cause a change in the total

magnetic susceptibili ty:cﬁfthmg fanBRee, I&hbhsn%ﬂﬂw@e&uem iy eby cause a
change in the erfognance aractﬁrlstlc Qf fir conduct or as measur ed

by 30 neasufPRAratUfcgangbe Bfef tP mRBiteX. PEOSEeSH e st udy does
not produce oehemmeamereapaienagnephysucal thangenine samp]be 18s.pi Kk "

ei t her mnth a gn ns reaction
product s, m#%ﬁsggéugﬁéaﬁégePkégh §€t§ ﬂ”%ﬁ %é %FSPhe re %ICWIprOdUCtS
35 tolfr od upbysigalaghgngescthak. oceurt ins they hardeningd v isorresin,
consunpti on Oifpéﬁé”BHB%' th’EH:LWb' b Qﬁ!%%aﬁc%h@ﬁ% g% &P T i<

susceptibility of th , .measurabl e as a change | perTormance
characterlst|EaE?r+?;sttBGnHB&PBPzﬁﬁlopor&FP@%sﬁh&ﬁ’ ich “RD@EH37808

PCT/ US98/ 03874pplied magnetic field changes as the resin changes from
a liquid state to a solid state. Similarly, the
. 20 invention can be used to monitor the progress of a
chemical reaction if the reaction either produces or
consumes a substance measurably responsive to the applied
magnetic field. For example, if a chemical reaction
either produces or consumes a paramagnetic ion, then the
25 change in the concentration of that paramagnetic ion as -
the reaction proceeds will cause a change in the total
magnetic susceptibility of the sample in the container,
- and thereby cause a change in tﬁe performance
characteristic of first conductor 12 as measured by
30 measuring device 19. Even if the reaction under direct
study does not produce or consume a paramagnetic ion, the
sample can be "spiked," either with a paramagnetic ion
that is consumed by one of the reaction products, or with
a substance that reacts with one of the reaction products
35 to produce a paramagnetic ion. In this way, the
production or consumption of paramagnetic ion will cause
a change in total magnetic susceptibility of the sample
18, measurable as a change in a performance
characteristic of first conductor 12, to allow indirect



-10- nonitoring of the principal chem cal reaction under consideration. The
i nventive_nethod and apparatus substantially as shown in Fig. 1 can also be
used for WOIHE® nyasive medical applications, such as thBCBRIS888HL iON

of a patient's nmetabolism It is knowygdhat the total magneti c nonment of a
‘sanpl e of blood, and thus the total neasurable magnetic susceptibility of a

sanple, wll mbhange:mg off ¢he! pednefipahe chewdleaaf z@&\éﬁ:@.’blemdetiound to

henogl obi n IP BQ? g%gé ream For exanple, to neasure a patient's
nmet abol i sm R I'rs ductor 12 can be a coil so sized as to acconnndate

a patient's finger, suBhetinvenkdivei methosdeands appazatpise contai ner 16 and
the patient' §ub§t¥h¥9a§hgogs hbgﬂ iﬁ”ﬁ&g 1§ cal ﬁ al3o. # gb%eéct asur enment

is taken under lar1 z4 n§ condi tions a col 0 an
appl|edshagn@?PElFV§P&V§sm&@&&ﬁﬂbéﬂpébéﬁ§lopﬁe pichens &hei nger is all owed

to remain lnd&ﬁéfﬂih&ﬁlbﬁ'éf'anphﬁlbhﬁ'QOHQ%%bQEELKhanit”&ﬁnﬁhﬁ@%§e"bly 31,

and neasure £¥ ene ﬁ device 19 changes 1 n
perfornancengﬁﬁﬁ ﬁnggiPé IpEhaG.momeRs ofc2; SRBRLE Pheblogdyi ABdus! y or
at interval sthusrthentotahemeasarablevahynetienstecepeibiititydooaan out put
devi ce such tr e rt S ,galnRe,Lra smitted to

conput er é%ﬂ?lé ggli ?ﬁéﬂ&% ad' a Egnégkggn gﬁgeﬁfﬁs BE ngpﬁﬁg or
exerC|§ﬂhg uh@@hdc chemcqaob@ndﬁnubhs bigofistveam.a Foradxahple,Changes in
the nmeasur edpdgkufe Oh baelaﬁfiQrﬁaessoiﬁgﬁaceﬁé'%&fgtoaohBGCQBQdistOV 12

over time will be a fung ilon of, the change in average magnetic 30
suscept i bi | i 3Pt ReCP |§ﬂt5§zﬁ¢oﬁﬂ tRhPEﬁ°mFP¢aEB a PakdensAsof the

oxygen/ henogt bhjer | nsaechcthat thet Bén§bpoderaad aseéaﬁpne dbhtakfiedn

et on O Jha ek Bk SeEL 80 Sfko hERSR°Th BRR' AHBTH. 982  Chet
Fi g. 2A5scheimittal | yeasunementeisahakebhoundent polatheingveohildbionst,
necessari | y iqe§9a&fthwgeé6iﬂ SaBJLELCRL GR!AHE]06a aghdr (8 E1dNECEs2° @
at antenna_| oop, . onduct or
descrlbed above° the patient's finger is allowed to -
remain in operative relation to the conductor 12 and
magnet assembly 31, and measurements by measurement
20 device 19 of changes in the performance characteristic of
conductor 12 are taken either continuously or at
-intervals over time. The measured values can be
transmitted to an output device such as a strip recorder,
or the values can be transmitted to computer 30. During
25 this time, the-patient can either be resting, or
exercising under controlled conditions, such as on a
treadmill. cChanges in the measured value of the _
performance characteristic of the conductor 12 over time
will be a function of the change in the average magnetic
30 susceptibility of the patient's blood, which will be a
function of the oxygen/hemoglobin interaction in the
blood, and therefore will be an indication of the
patient's metabolism. _
Different configurations of the inventive
35 apparatus can be used for other biomedical applications.
Fig. 2A schematically illustrates an embodiment of the
invention, not necessarily to scale, wherein electrical
conductor 112 is configured as a flat antenna loop.  As
in Fig. 1, conductor 112 is connected to an
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el ect romagw&tgh,g 8,%gnal source 114. Antenna loop 112 is operg‘t’.j{)ﬁgbwossm
e .

connected 10 a neasuring device 119 which nmeasures a presel

performance characteristic such as restxi-ance, capacitance, conductance,

I nductance, or 5 efficiency (Q and inputs the data to conputer 130. A
magnet assenbejectronagpetici sagnailospureeddidn amﬁmmluzlmd as

i ndi cated by aégfakwsﬁ%laznhaceear €o kil @qud %ﬁrbé)flid‘%ﬂéﬁ”

shown in Fig. g A, conductor “112 is placed, 10 for
exanpl e, agai ReBSUKES @t PEREelestad Perforpancecharacteristel sush Aggen,

a kn?wn par anﬁé@ﬁétﬁn&é saapaelt&hbb V@bhdu@ﬂahﬁdqr dinawtitatidd ,er&nt
OoCa |on

esu Su e of |ff t . br ncell%éiTW‘!'r rally
conf i gur anﬁ %ﬁgi‘ﬂ“éﬁe ) n2BFL ABBRES: & PYS T a shown
in Figs. 2A B&gnéhecassehblyandlapsapasitiohedhdd pxtoviide rarempphiedn be

used 1o deterghpfitie PILIENakeNAnioAtdd b Pl HALd A 45 £lpide brain

by measuring ange I n nmagnetic suscep t Hose areas over
tinme, by corrpﬁﬂtﬁgmn-nQGZUegl@nané'eS'-hﬁwmﬁémwrﬁé@%r%rﬁm@&al ues of

conductor 112 as nmeasurgd BroWRasW Fig. dQ\A' C%o}xlﬁxc%& aal £ W A teth by,
conmput er. 130. _Wen useg as shqown in Flg %ﬁ“@'? B.to nmeasure, chan es In

oxygen P&el AT PXRRPLRY Qgé&gs&tpﬁe headti ndtti¥® &f
activities, tbthatnthet leveleblfodxyaenipaakaiovn pardwaginslc swisetames) on

L known {oR9 A0l YRCUEINER 40 A B e A Adhat iy 48 4 EBLLY
skilled in thefathewuse 8& dlféeqrgm'tzbrmat calds marmietg gesuraliles coul d
e b SEnE PR ph A TS o A RN 010,

an i nhonogeneous .graa |ent

field wikh rekgdatirp Pﬁes§PF’é‘ dn Figsor & l?é:ngﬂ'ﬁ Jmethed ana appl yi ng

nore 35  thagppaeat@gnelri &hel qhﬁtémecitrwéxﬁilm ohirf fhﬁ Q;[Eed r&@rsectl ng
axes to achleeacrtal magnetic field . str h at

i ntersection Rt Fﬁ'@ Be.the PRYgEN eviedy 31"11"'1( effrefm?/\ﬁﬂe‘? ‘ﬁe?r?%%oﬁﬁl ze
t hat these maphenyraénhbqusamrmpﬁhecaﬂiangmummiagnetime

susceptibility of those areas over time, by comparing the
20 . changes in the measured performance values of conductor
112 as measured by measuring device 119 and calculated by
computer 130.
When used as shown in Figs. 24, 2B to measure
changes in oxygen level in different areas of the brain
25 during different activities, the inventive method. and
apparatus can be used in conjunction with known
tomographic techniques to "map" the brain, i.e., to
identify different areas of the brain with different
types of activities. Those skilled in the art will
30 - recognize that such mapping techniques could involve
varying the magnetic field intensity as a function of
time; using an inhomogeneous field of known gradient;
varying the axis of the magnetic field with respect to
the site of the brain being studied; and applying more
35 than one magnetic field directed along different
intersecting axes to achieve a certain magnetic field
strength at the region of intersection in the brain.
Those skilled in the art will further recognize that
these mapping techniques are applicable not only to the
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but simlarly can be used to map the netabolism of other organs of the
body, noh“@ﬁéﬁ@”@ely. For exanple, the nethod and appar at UBCTUSS03BT -
adapted to map netabolism and/or flowyel blood in the heart or other 5
organs. Fig. 3 schematically illustrates another enbodi nent of the
invgntive nEthWbanﬁuﬁp@?mﬁluﬁlyseéu|hénuééduﬁ?rhab ﬁﬁbthéﬁgboﬁﬁkﬁtoﬁ
conductor 212.; Lgure. n antenna op, . or e_any other 10
sui tabl e shapggy%ﬁg§$%§$r%%ggﬁgt$§d§fgﬂgP_fgvﬁﬁgvgéﬁ'frg%¥sF§ﬁ§P¥§ource'214
to first corkhetmeting amdnappavates2cogldsbecadaptiedi tb mapor r espondi ng
measur | Ng_daiétancifeh ndPas LW Bt 51664 °tnPERLChUBRE Sof NBEARES! T SLT )

and, where desired, inputting the data to an optiona computer, 230.
El ectri @al Hr¥ARBor 212 is disposed in operative relation to-a conduit

250, through which fl oréga 3| seendtIS8ANEy PB3eSRENtEs lanstRyp for

Il lustrative pur OS&S, as eiﬁwn:$iece.€ern&g§q% magnet assenblﬁ, IS

posi tioned t Qent of the inyentive pethod, and appasatus; ggefBlquit in
operative reimtinngtriahdetbingd?, Rirstdéondectdy 2i2xmbynba 227. The
enbodi nent : ' d h e_i he
conposition o%ﬁa‘{#{%%ds %&%P%ﬁﬁf?éé‘t %}?%’6??\% ?‘Egt?ﬁﬁ,eéas | ong as
the chdfige isnitable shane+ i N cklectronagnetiabs tognabini® applhedmgnetic
suscept i bi | ifpondfsidital | dthitrcd 031 £X96 Pt Prat fodhiudidn i, t h@qﬁ&ﬂéﬂ%i were
to becone cozglt am nat ed b:.%/ é%(garaﬁgg%etlc | oNns solution, or_even by

f er r omagnet iX+pard i2§8C1ateq,d | D COXTRSR Rg Reasuring deykge 30
magneti c noieds fdr teasuring @anseldetedpéBormasts adheraveengst fagneti c
suscepti bili I | V. at, tam nated f1ui woul d cause a
change in tr#ader@oé}tr#arfgeeéjb %&r]'ac rglllés{iﬁ‘c& ﬁ%o%%t 7 ?lf%gi%?;\tured by
devi cel®19 sewpulian,oradP oy m@ahmr}ducmg is sdisposedsinconput er
230 may be \HSERIN Yre PINEIIPAR 4 WprlfVi€ 2500 G¥blih GRNGE! lode 2

di spl ay devi Ce_such as a digital read-out, art recorder, or a strip

a
recorder, o tfd%drniA AP AFIRIY 33 Ir RRAWY £0F Atlwstrakivesual
alarmif thpupdses aas o atvdypikye gfermanent magnet assembly, is

positioned to apply a magnetic field to the portion of

20 the conduit in operative relation to conductor 212, as
indicated by flux lines 227.

The embodiment shown in Fig. 3 can be used to

detect a change in the composition of the fluid in the
conduit at any point in time, as long as the change in

25 composition causes a measurable change in the magnetic
susceptibility of the fluid. For example, if the fluid
in the conduit were to become contaminated by a
paramagnetic ions in solution, or even by ferromagnetic
particles in suspension, the resultant change in the

30 magnetic moment of the fluid, and thus of the measurable
average magnetic susceptibility, relative to that of the
uncontaminated fluid, would cause a change in the
performance characteristic of conductor 212 as measured
by device 219 and monitored by computer 230. In some

35 situations, computer 230 may be unnecessary, and
measuring device 219 can be connected to a display device
such as a digital read-out, a chart recorder, or a strip
recorder, or to a monitoring device which produces an
audible or visual alarm if the value measured by device
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falls outS|de a re determ ned acceptabl e range. Thus, contam nation of an

i ndustri alW can be nonitored non-invasively and non- BET{USRI®IL y.

I n addi tion- to |ndustr|al settings, thgas enbodinment shown in Fig. 3 can

al so be used in certain nmedical applications. Instead of representing a

pi pe carryi n2pn famst6uahlaéuadpré9aduetmaﬁadcau-kﬁ;i&me Hahdgdyv ough

whi ch bl ood f ovs du dical -proc h, arnt /| ung
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procedures to nonitor t Eaaﬁilbﬂ Eaeéghﬁgdrgglpéﬁﬁiﬁﬂ@}h hsubstances
e net

responsive to an applied magnetic od and

appar at u$ of ?HE°¢H§?EFtshﬁV@niPoﬁlsan3aF§8 Bdsesbe Useded Fertain
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structures will haye

f I L f f her ef.a
neasur ement s SREFELRT; 3B % H@Fgg %§|&ng1 eﬁf\db\e ]'I%I lzls‘é')sere ]é{%‘eysq FR np) e
as generally ﬂhsoughedhabhvblooarflngseduhéngthemmﬂxnaﬁ pﬁucedupeglc field

relative-to t I r gl f P the
appl i ed magne ?E%ﬁfggl gaﬁEQEtZihﬁpbrnagﬂn% %%ééiéqfﬂa ari zation
when t h@a025 - diajysis mgcbmnpedummaﬂlaémsned tmgrtmrtta‘-u elThe and

therefore :inf ?a{a%tgoeaneuhoahenar &ﬁbﬁka%hl’su%‘xﬂ%, pdh ‘Lénef d:fiq{ F AHKe

description o ments and,appl i cations appar at us
have descri bePraaafnres; ¥e Bpaiyo stB&sé&V&Jr |11§‘| %e\/é’]ﬁﬁ’ Qﬁe M5 of

a sanpl e overoth@er saPstanteserespobbivey o ahl applidd myridt v Biwld.
t hrough a conduit over a period of tine, in yet another enbodi nent the

I nventive method and apparatus may be used for the quantitative

deternm 3&ion in a sanpThBeomethodt anéegppmtuosmd:na) izstantn appl i ed

magnetic fiel i?nvéﬁ $6nc8RATRTEE! pa! d@'ﬁ%%h

effect of the sanp e on an e ctrlch con uctor 1n e presence‘iﬁ

magnet i ¢ flelﬁe¥§abﬁnﬁHY§Haﬁﬁrh Fﬁe1§fF@@Fnoﬁh@WeQéiﬁﬁn?ﬂﬁ1qqﬁ?ﬁﬂbctr|ca

conduct or structures will have different polarization effects.

Therefore, measurements of relative magnetic

20 susceptibilities of a crystal sample as generally
described above, varying either the axis of the magnetic
field relative to the sample, or the orientation of the
sample relative to the applied magnetic field, can give
information about the crystal polarization when the

25 crystal is subject to an applied magnetic field, and
therefore information about the crystal structure.

While the foregoing description of embodiments
and applications of the method and apparatus have
described qualitative analyses based on relative

30 measurements of a sample over a period of time, or of a
variable sample as it passes through a conduit over a
period of time, in yet another embodiment the inventive
method and apparatus may be used for the quantitative
determination in a sample of substances that respond to

35 an applied magnetic field.

In an embodiment suited for quantitative
analysis, the effect of the sample on an electrical
conductor in the presence of a magnetic field is compared
with the effect of the sample on the electrical conductor
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t he absence of the magnetic field. Referring to Fig. 1, if magnet assenbly
31 is an WPEBBT8Aagnet, this can be acconplished sinply byrCeisssmIgrs -
measur enent from nmeasuring device 19_\5\_/i th magnet assenbly 31 turned off, *5
and then taking a nmeasurenent when nmagnet assenbly 31 is turned on, and

conparing t hign téife NESSeHESESE Sthd %@héﬁf& ef'fézré?t V\ﬁ&ﬁeépfn{;wa”easw ement s
will be due splely tp the response o0 the sanple to the appfFi ed magnetic

field, and cafpetquthtIdeh A55eWPIE| 31 ebS tan 181ectriemagneh: thisubst ance
to be detecteah ibe taucompilshed o impbp dbyerdici Nd c4 Sha SBBERENESEEBR! Y 31 1S

a per manent S d e jinventive apparatus may further conprise a
segond el ectrl ca| icﬁﬁéc?]bérlé #%e‘éﬁ' magney R1¥cititurnedneb€ror will
be of i%¥entiand tien taking s measuremeniawhen amgnet peséOBIPNSE is

char act eri stthghedd ol Grid '3: iﬁ?% G dhicd enfs P jcal nmatter,
it is recognj,zed t hat théi perm orlen%%éce characteristics 0O sala"glg I rst and
second el ecﬁ%%r%mmv@m@%&wm@%wwwts deit) ce . d@me or nore 20

per f or mance srd]m‘_lqcttﬁf iﬁiei Yesporidee df raa{e_ HPRE XY @J_‘@tcglgﬂ,?fét dgfg?;gteor S
are neasureq, the ,valyues are stqQred in an appropriate data

neans, suchq‘ggq%q: (‘):rr%j‘te;ﬁ.u' ﬂﬂa‘i can QWMY%IZ‘( ieRFEStREed i kR ati on of
the meb@ur edthec apomnd: off tsubstmmues toAlkeo qutmstdall im tie =4 .'Ee.e”bgdl ment
are neans f Ry c {] 1.Qn to_sai d secon

el ectri cal ?%r]fguct oﬁ%ﬁ%%@o%ﬁé@%ggﬁs&&i@aﬁg 57 %&%{WE’PW‘E he
per f or nanceP@gnelke assemind Yo| ddre iinentdiveu @apparatws pray i flirkkheéthe neasur ed

value to a dompravedaVisedond ¥ ectithA" ¥Ing .Co'igig 5 d ke the
first electrl calgfic%ggu tqr, theesecg'n el ect r‘fldc%a conduc ory'hzlif's}L no

associ ated fRGR FfPadn Fonduciors wildc e efaddgmhiiaal mgnetic fiel d.
An exa®l e cbnfligurattiod and have Haemtdionll performasg ion is illustrated

Fro 1 andcprpacEetisties’ 35 eata Turlle MeRRERY dingbrgr T S
i nvention. PRaggdrailomatierend teliscmecognizedd kbadr th2 ipenfroxmasexe Wi th an
el ectronagnghh®agtepiktied 62 34id@¥drst and second electrical
conductors may not be precisely identical. One or more
20 performance characteristics of the first and second
electrical conductors are measured, and the values are
stored in an appropriate data storage means, such as a
computer. This allows for normalization and calibration
of the measured response of the sample. Also provided in
25 this embodiment are means for applying a known
electromagnetic signal to said second .electrical
conductor. There is also a measuring means for measuring
the performance of the second eiectrical conductor, and
providing the measured value to a display device or
30 preferably to a computer. Unlike the first electrical
conductor, the second electrical conductor has no
associated magnet assembly and is not subject to an
applied magnetic field.
An example of this embodiment of the instant
35 invention is illustrated schematically in Fig. 4. This
illustration contains all of the elements of Fig. 1, and
like reference numerals indicate like elements of the
invehtion. In addition, second electrical conductor 22

is provided with an electromagnetic signal source 24, and
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measuring .device 29 whi ch neasures a performance characteristic of

el ectri CalWOEREWMEor 22 and transnits the data to conput er BET/UPYSRETY  pe
recogni zed that in other enbodi nents aigi-ngl e signal source could be used
to 5 supply an el ectromagnetic signal to each conductor and a single
measuring dew maguﬁrhgalmme mobmjacmwerébea ppetformance

e

capaci t ance, e danaunnnenmﬂutemdmetanlb willi beene9oqqyze§nuhahelhlke As
a practi cal ;8%{1}%‘2 S5 13 ﬁ»@é L Rl neg&ﬁ&g%ﬁﬁfﬁafcsaia 5&%@3 to

conductors 1 ata store
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sanpl e hol derPa- PR %’%&?%??ﬁlﬁﬁ'ﬁ ﬂftﬁ%ggge é CEPEet r &gggl‘égﬁduct or
22 as shown tqtmﬂnd:mts n.‘e@eamih Z2 ghave ident26al ehectmicallectronagnetic

signal is ap Con haibe %ﬂ- %ff&tfé‘s §fei-8££é£8ﬁbe‘3°§gé%9‘i:§§ ge L hE

per f or mance erm ne Will be
di ff er e®® fr crondrctance, oiats@m*é@mcﬁ. tﬁﬁfagsemﬁ mhhen@aﬁpieellm .S

i nformation cga é’epﬁé’l'ifé’al rkn&@ﬁ@i:'t e'Ehé’5per§9rmahEet Bﬁafagﬁlaﬁlb@l%%mlfe
hol der 16 is then replaced wth a solugion aV|@g a . non-zero

per manent nag%éﬁhd°%ﬁﬁ@%t°°@@%ﬁt%§s nEe?PngszPHtPSnPrPﬁg§ Emined,; | |
have a differgnd ¥hé addtadnstteedeihoanasmpubéreioctri cal conductor 22. The

difference in the valu erforman eristic of
conductor 22, as neasu?g@eBégﬁﬁgggﬁgngigéégﬁgg gﬁﬁ gﬁ§8%§?8?§8

conput e&530, ‘méthodeof thecinstant invenngqat.l chr;Iseupmpbel,l tlgt sampﬂ@
solution. IthbpadPspsPig 40ase aafid! & eacgsr&gua sehdubegs of known

35 concentratlons and_neasure t Fect o e so utlon on the
per f or mance oFOMEERR| %%IaCGHEUE?B?mQQneFFBnPiﬁP§r8&Y§ewtaP§ s Sagpde o

construct a qebldéRtie®ni€upygcéa@sakilling whensehf ehe @Blﬂ.ebﬂfoléiebt&lcal
concentrati on conductor 22 as shown by dotted image 'in Fig. 4, then

20 when an electromagnetic signal is applied from signal
source 24 to electrical conductor 22, the performance of
conductor 22, as determined by measuring device 29, will
be different from the value observed in the absence of
the sample. This information can be stored in computer

25 30. If the sample in sample holder 16 is then replaced
with a sample of a solution having a non-zero permanent
magnetic moment, such as a ferrous solution, this sample
will have a different effect on the performance of
electrical conductor 22. The difference in the value of

30 the selected performance characteristic of conductor 22,
as measured by measuring device 29 and also stored in
computer 30, will be a function of the magnetic
susceptibility of the solution. It is possible to
prepare a series of ferrous solutions of known

35 concentrations and measure the effect of each sample
solution on the performance of electrical conductor 22.
From this data it is possible to construct a calibration
curve describing the effect of ferrous ion concentration
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the performance of conductor 22 in the absence of an applied magnetic
field THEO8Y I being tested is then placed in the coil REIT/GS9BHIE74 -
conductor .12, subject to the applied.pg- magnetic field f rom magnet
“assenbly 31, and the response of. conductor 12 is neasured by device 19 and

i nputt ed t o cHPrENE PerFdrmHifcd VI WdHawbedaed e il eipidlecd hee dih f erence
bet ween t he erfor nce f. tgﬁ c][ ductor 12 with the sanple in the presence . |

of the magn ‘e performance of the conductor 22 with
the sanple in the absem:ee sEmpYec beignettested|is then pIdasdnie toévween the

two val ues, qnr f gt nce val ues of
t he two conduct o(ras(}'I %1;{51‘]{ tgie % f&'oirf {b t?{e p%gf{%%sceptl bility
of the %anpﬁ@gn%}"s mla%tﬂlf@'ﬂ aagnete Qﬁﬁ%@!@ r?dt: d&nd tthe (responsed

magneti ¢ fi @fd conductdzoa qse ncadified By'@died b tddy Hpuktsdi@d in the
sanpl e responsiv to the a |ed ma netlc field. The apparatus and net hod
-|qﬁf?§£%¥‘

of the inst &M 3Rrent 3% qan then ®al testing.
For exanpl edﬁfm@naaalbehwahmttns pb?t-ﬂmd\aﬁﬂ:em 1R dendetsr comf i gur ed

to receive fi C I s . th m, | der"

and t he pat ?’e%n’%ﬁ ﬁ':ﬁn |enge téxe é’fﬁﬁ%%e‘ﬁ% éI"heéﬂg!at | ent

pl acesl@®5 ammmmrﬁmm”qfe ﬂiwlqml@dﬁmtnr atidih e sdnpde serves
to positionhhenld Reride GF lere?: ma@ﬂeﬁfaarﬂ%wbsem@dnﬁéf&ﬁffOf-mance

of the coil 22 wll be due to the iron, salts, and I.e th the

par amagnet i PeiW@eRo Fhe, tiien yirdies s feriracted fen Haherentnt ' s bl ood. 30
The change Hﬁf&eﬁ%wsmmﬁe:tfdl e&fﬁowasidec vaflue |of23:lié5 twasured by

measuring devi 9 andt t.or ed 0 er 30 The patient
t hen pl ages P? UEEREEr i 2‘3‘] ﬂém %I"@aa;ﬂfag:lh@ % evi ce; \%. Ich
servesld o psslsbleprtihld.lﬂ:yng:dfr the mamplle.1? BWlsdbtrsacshjb;geamt(tm 35
app! | ed MoBtleetll fot BWG{&@I T hatheriE'ERAW IR Qe and ot her \

salts wll not bep arlzed nprese

pol ari zed, RRe§sikd ﬁ’@!eol‘!qwi&ﬂ’ afe naderdade dn e WI I | cause

sample responsive to the applied magnetic field.
The apparatus-and method of the instant
20 invention can be used for non-invasive medical testing.
For example, electrical conductors 12 and 22 each can be
coils configured to receive a human finger, such that the
"finger is the "sample holder" 16 and the patient's blood
within the finger is the sample 18. The patient places
25 his finger in a device having a first receptacle which
serves to position the finger in coil 22. Any changes
observed in the performance of the coil 22 will be due to
the iron, salts, and water i.e.; both the paramagnetic
and non-paramagnetic substances in the patient's blood.
30 The change in a performance characteristic of coil 22 is
measured by measuring device 29 and the value is stored
in computer 30. The patient then places his finger in a
different receptacle of the device, which serves to
position the finger in a coil 12 which is subject to an
35 applied magnetic field from magnet assembly 31. The
sodium ions and other salts will not be polarized; only
iron present in the blood will be polarized, and the
magnetic susceptibility of the polarized iron will cause
a different value for the performance characteristic of




a different value for the performance characteristic of WO 98/ 37808

PCT/ US98/ 038.7 coil 12. Thus, the difference between t ‘ nce
val ues of g’g’ﬂ%@“]ﬂé and 22 (after correction for inherent di ?&E@@ﬁa n the
coils themselves) will be due to the prgsence of the iron in the bl ood.
Thus, the invention 5 provi des a sinple, non-invasive neans of testing
for anem a, oeodlhd2.cofbius)okber dififergnce betweersdinee pefrfiquwange t he

bl oodst ream y4yypLl o?eguﬂsr 108Rdl B! (a&kare@%%e&@ab lorP e d A rifRiRIHE O,

wherein a quantitative determnatiQ

ta I N
di fference be@WEERTENGRE dngLther &Pé&sl ﬁhﬁﬂ‘éeﬁﬁ’@ﬁné’élén g’é’ Fheyn
appl i ed magnepiréséhekdorCeRedligonPinlithe blooan] Unkii ;\jﬂ tHd hriventiaan

t h | ust rat ed Fi 2 agnd d bed .h
I Ehe pract | BESEIAeR) 8 SERDIR: PoB-TBURS] Van Peasion Ak FESEMH S dl ess of

whet her the nagemiagseenbtherscenddtdohsoregating do heepresstceraphet
assenbly, it ggggrgklxhg|th§§8 %L rred to take the neasurenent in the

absence of th netirc fre "t aki ng the 20 measurenent in the
presence of the nagnetlithQHA bethaﬂmtsaooﬂaGMGM¢tht§n§nb0dﬂmﬁnﬁlmm

effects inducgdel EntBRtI8APY! ﬁhﬁ!’e&ﬂph' ERlan®A talt i TR Rir i 18 dh Cun d

distort a subsequent neasur ement .t ak en’in the absence of, the applied field.

25 10 eTﬂPQeapyeFﬁ PgetbﬁbééﬁﬁéﬁﬁHE&nhﬁF¥EQﬁaﬁkﬂﬂ?#ﬁn
quantitative Q‘Bﬁéﬁ&téﬁniﬁ thel petesienical amdd apseried @ appippkiddns such as
shown and describeg cognectl on 'th Fig. . JFor_ this $§? thqafqaﬁ%ctor
wi thout the aPpPPEG: §f'r ¢ FPB & "1 Pe, sﬁ%a A8y CERIUNEEAn, Wi

conduct or w 't brgan mappind teghatiguesi dldussrakgde tirc Rgsceptarad | ity

nmeasurenent, ho8--iB8a0fkseinied froma change in conductor performance, is
made first at tﬁe upstrean1conductor and then at the downstream conductor.

 The timd8 nterval bet wedR the prec¥ice efasbismaltennatise mathaod And he
- distance bet wggparieubyOaf@ntugataledls0te Whetheidtte %M;riéi@ A Gfply Of

the fluid mnthlnakhglgg%%gh%gne%i%h%& %h%egﬁ%ﬂgifyﬁgaEHL assembly, it

generally will be preferred to take the measurement in
the absence of the magnetic field before taking the

20 measurement in the presence of the magnetic field;
otherwise, magnetic moment relaxation effects induced in
the sample by application of a magnetic field could
distort a subsequent measurement taken in the absence of
the applied field.

25 This alternative embodiment can also be used
for quantitative measurements in industrial and
biomedical applications such as shown and described in
connection with Fig. 3. For this use, the conductor
without the applied magnetic field will be placed

30 upstream of the conductor with the applied magnetic
field. A magnetic susceptibility measurement, i.e., as
determined from a change in conductor performance, is
made first at the upstream conductor, and then at the
downstream conductor. The time interval between the two

35 measurements is determined by the distance between the
two conductors along the conduit and the velocity of the
fluid within the conduit, so that the two measurements
are actually made on the same sample of fluid as it moves
through the conduit. The timing of the two measurements,



are actually nmade on the sane sanple of fluid as it noves through the
conduit. The timng of the two neasurenents, WD 98/ 37808

PCT/ US98/ WOPPBTB3_ and the conparison of the neasured nagP@TAUSIR/O3874: *
susceptibilities, can all be perfor mgq_slgy conputer 230. The magnet assenbly
31, 131, 231 as disclosed herein-is preferably very small but capabl e of

creating 5 aﬁ@lﬂgéV@A,ﬂpg@iggnr@gngﬁécmgg,%géd mg’gﬁ%ﬁgnet assenbl y can be
ei ther an el ect_ronaﬂneiﬂ_or a pernanent. nagnet ass y. Such per manent

magnet asse tieDs PN 3tl harEforned by gomppters230;. S,
5,320,103, U.S. 5,462, THé mhm;&mﬁmﬁosfif,iay Qi_ﬁl_llﬂls aibetbsaac i ed
i ncor porate . lrety. e rger e applie
magne!toi c ficeir%féﬁgl%%gé%l5| V%%*e%%}f%u%pﬁ%?%ng' I&%@%Q‘Tﬁus, with
a suffi Bi enttedakively iarge nagretiq, fields. potbe bhagnet nassemblyhe
Tegneti ¢ SUSSAPlIAIid] il lan PG LGhAdNdE or & PEPRANENE RELADESS even in
a very dilute sanple, such as a dilute aqueous ut1on of "paranmagnetic
ferrous i onfS§ePRIY ch Furh Rrmanent Fagnet apsembhies caradhe f or egoi ng

and el hod St a2 s M ened byt o L me o e Y by ey of

| m tation. %r'azr?](]ce)’rlva’r i(g{?'og%' %ﬁﬁﬁl?ﬁt#@ﬁfg%%o?%t M if%ention

“wi | | b&0appathdigh tare hioyesongorsatied herdirw by treparencadimothiédr f or egoi ng.
For exanpl e,oriy be ' ' ' | . gradient, orientation,

25 or ot heerd%%ar cter?figis'iéési[%ﬁ &%Eggpé#]ffééc}i qrrﬁe?g#{;e%::é&f%%%&t ot}grreegsure

different pmsEks Sansidiivedhey pntdins apparatnsioritl de. SUBmsarvithons and

appl i cat i ons e i insad, tstm:grviﬁa&ﬂhﬁ hes SGRPRy ANk S pdsLipidero
i nvention as set forth in the fo 0 WO

. | Gl L3 98/ 37808 '
" PCT/ US98/ 03PRASUES: the mag %@‘?ﬁvﬁerﬁ'ek%ﬁ% 9t magngkicalhe presence

15 responsive substances even in a very dilute sample, such
as a dilute aqueous solution of paramagnetic ferrous
ions, in which the overall sample is diamagnetic.

The foregoing descriptions of certain preferred
- embodiments of the inventive apparatus and method are

20 intended by way of illustration and not by way of
limitation. Other variations and applications of the
instant invention will be apparent to those of skill in
the art upon reading the foregoing. For example, it may
be possible to modify intensity, gradient, orientation,

25 or other characteristics of the applied magnetic field to

' measure different properties of the sample under
consideration. Such variations and applications are
intended to be within the scope'and spirit of the
invention as set forth in the following claims.

30




of a substance that responds to an applied magnetic 5 field, the nethod

conprisin | aci ng the sanple in operative relation to a flrst conduct or
to al l-ow tWe9¥3MWBe to have an effect on a performance charﬁf?@?ﬁypﬁy(ﬁ
the first conductor; .10 . . apfloyl ng an el ectromagnetic signal to

the first conductor; applying a magnetic field to the sanple; neasuring a
performance characteristic of the first conductor; and 15 :

correlating tiﬁ}”ﬂﬁisured val ue of the performance characteristic to the
presence of t stance to be detected. 2. The nethod of claim1
further conpr|5|nglneasmrmeghodefpnrdeteah&agcharacsempie|¢h§:nnasﬁnQQn 20

conduct or nnrgft CTARTY Q?&ncénehﬁer Eggﬁhag Egagge bﬁlhhlmﬁﬁ?é#%Qg val ues of

t he performance char eri st anges in e anount of
t he subsBancefi®lde ﬁ%?é@?%b°53°°mp¥h§1ﬁﬂthod of cIa|n11 further conprising

25 neasuring the perfpwaﬂﬁg ﬁharaainpnestihCopterhthv@ mm@ua&wra in the
absence of the app Led, ma

e 5 % t 9-& rforga %P?\ sai_d conduct or
in the presence of H”l% aﬁﬁ? Bg ﬂﬁgn P 8 Pgl FEPoFr &CatiBYF Ak

di fference betmeenefﬁectmonnaaparfdrmahuescharhhte%ﬁstlpre&emhe(ﬁludm
substance to be de é§ﬁ§8€t°§ The met.hod of claim3 wherein said
correlation is quan v 5. The nmethod of claim 1 conprising the
further 18t eps of ‘aPRiVingt Ap edsptromagoetist signad| A0 dhesFirst

to a second conducgghghetstlhow the sanple to have an effect on a

per f or mance characteristic_of the second conductor app! yi ng _.an
el ectromagneti c si gnal RBPLK&NGcRoRAIRERAGLdeLld °ME%§BF@ﬁ&*9

PCT/ US98/ 03874 - 20- neamgabagifgpar f:@t&&&Q\Gn%babm&ﬁbﬁ&ru@sﬂﬁc tde waeond
conductor; first conductor; and
15 correlating the measured value of the
performance characteristic to the presence of the
substance to be detected.
2. The method of claim 1 further comprising
measuring the performance characteristic of the first
20 conductor more than once, and correlating changes in the
measured values of the performance characteristic with
changes in the sample of the amount of the substance to
be detected.
3. The method of claim 1 further comprising
25 measuring the performance characteristic of the first
conductor in the absence of the applied magnetic field
and the performance of said conductor in the presence of
the applied magnetic field, and.correlating the
difference between the two measured values to the
30 presence of the substance to be detected.
4. The method of claim 3 wherein said correlation
is quantitative.
5. The method of claim 1 comprising the further
steps of placing the sample in operative relation
35 to a second conductor to allow the sample to
have an effect on a performance characteristic
of the second conductor;
applying an electromagnetic signal to the

RN RO

second conductor;



correlating the difference between the neasured val ue of the performance
characteristic of the first 5 conductor in the presence of an
appl ied rﬂ&ﬁé@?@sfiel d and the neasured val ue of the perf oPCELISIS/03874 -
characteristic of the second conductggaln the absence of an applied
~magnetic field to the presence of the substance to be detected. 10

6.  The method. of cl aieBdumies & é@f&ﬂﬁé@'&i&f&b&éxfé@iﬁi t¢Ng- 7. The
nmet hod of cl ai mé\@er{sii n tég}%sangl)e is the blood of a livi ng‘s%e{lﬂng in vivo
and the substanc&FENE PHAMGERF i s iron in the bl ood. 15 8. The

met hod of clai m 2 wherasinreletismile iGifferdide betfweern i thé d@imsed N Vi VO

and the subst Ancd AP GHANAE T A e, & e gEcliod o

claim2_wherein the sanple resin undergoi ng state
and the?20 subSeREtar Ha dhe prasanceef N d@ppldssbmgnet i appl i ed

magnetic field, il ane bR Weadradf ' ' #j: physi cal
state of the resiﬁé%agges,. 1,0. Théﬁ%et ryg\gag‘:%(ﬁ }lr% ' errgfanﬁ"lf%e

per f or mance char & st pf theyfacend condustary imthehe 25  group
consi sting of rempm@@ﬂim'ﬁwiwmlw@lﬁwﬁﬁﬁ%ﬁl o
efficiency. 11. e et cl aim erein the sanple is a flui oW ng
t hrough a conduiEEan t%@g?%Fﬂﬁeéféh%véﬁ%ﬁ5§qgﬁpﬂespond to changes in the
conposk@ion of tBe f| Fhe¢ meghod of claim Anwherain saidrcoaaiedeftig i n a
sanpl e the gregadneithtiveyubstance that responds to an applied nmagnetic

field, the apparatus conprising a first conductor positionable in operative
relation to the Zanpl #he3method of clain Rewheredn iiel wamplen is the

el ect romagnpiloedsognal 1iving Hefings inC ¥idechnd theMabsthlccsdRiY W9 2
gg%?ﬁgbglng%geggfahgsiggﬁbeﬁgf%ﬂﬁa?&ggh88g3;2??0rnance characteristic of
sai d fi& st el ect Bical Thenmethod, of claim 2 wherein the sample is the
blood of a living being in vivo and the substance to be
detected is oxygen in thé blood.
9. The method of claim 2 wherein the sample is a
resin undergoing a physical change of state and the
20 substance to be detected is one which responds to an
applied magnetic field, and the concentration of which is
altered as the physical state of the resin changes.
10. The method of claim 1 wherein the performance
characteristic of the conductor is selected form the
25 group consisting of resistance, conductance, inductance,
capacitance, and efficiency.

11. The method of claim 2 wherein the sample is a
fluid flowing through a conduit and the correlated values
correspond to changes in the composition of the fluid.

30 12. An apparatus for detecting in a sample the
presence of a substance that responds to an applied
magnetic field, the apparatus comprising

a first conductor positionable in operative
relation to the sample; .
35 - a means for applying an electromagnetic signal
to said first conductor;
a means for applying a magnetic field to the

RO

sample; and




t he measured val ue of said performance characteristic being a function of

the presence | the sanpl e of the substance respongj e
applied'n§g§3®$%£#ield. 13. The apparatus of claim 12 mhergfégékﬁﬁhﬁgﬁns
for applying a magnetic field to the sgaple is an ‘el ectromagnet. 10

14. The apparatus of claim 12 wherein said neans for applying a magnetic

field to the sanpl e i s aa mEam=rior meapating senpéyfotBandée appar at us of
claim 12 further igcludi 1Se 1.0 di S t d th
SN B Safl el | pfaBEpS L EickRlRBE, 1

performance 15 charac e 5% ar a aim urt Rer
including a data mmwﬁmwsoﬁe%m&fmr%m@aﬁ ng the neasured

}’ﬁ' ue gftthe per f QM é?ﬁ'h‘?ét @i‘é%éﬁiécal_tﬁéﬁ@@i@ﬁféﬁnfﬁe: pré-aan&%rrahe of

e substance respgnsive to an appljed magnetic field. . An

appar at u3 for det RANRLe, %%ﬁ%?ee '?%ﬁ%ﬁ%rﬁﬁsB?nﬁlgﬁbg?aﬁgg responsi ve
to an applied magrgiplidd aabnetie £bghdat us conprising, a first conductor
positionable in o atiye r | tp,t l i for
appl yi ng an el ect E'g;rfag e elCS%pl%Iﬁ%ﬁ‘uﬁo é:ﬁg%gﬁ‘rg% %ﬁ%%ggors?léﬁggﬁg for
appl yi ng a méfpretapplyigigl a onagnetiepf teldicbot bhessapbdei dsi anoper at i ve
relation toz%%ectroma l4 first conductor; a neans for neasuring a
performance characteristic of said first electrical conductor; a second

conduct3® posi ti orfdhl e The ARPAEITES (@f £134mt J2{ WRekqip| saigsmeans

a means for HyY Mpilying £oidgiegiet £Leldotel the samglreesand conductor;
and a neans for neasqélng %ﬁ erfor ce characteristic of said second

conduct or, WRFSRPEH PP vf the performance characteristic of
WO 98/ 37808 15. The apparatus of claim 12 fuPChRePSeACABAiAg B2- said

first conductr and .4 Nfs JBEY e Ve d6uPia P€1ue of the performance
15 characteristic.

16. The apparatus of claim 12 further including a
data storage and analysis means for correlating the
measured value of the performance characteristic to the
presence in the sample of the substance responsive to an

20 applied magnetic field. _ ,

17. An apparatus for detecting in a sample the
presence of a substance responsive to an applied magnetic
field, said apparatus comprising,

a first conductor positionable in operative
25 relation to the sample;
a means for applying an electromagnetic signal
to said first conductor;
a means for applying a magnetic field to the
sample when the sample is in operative relation to
30 said first conductor;
a means for measuring a performance
characteristic of said first electrical conductor;
a second conductor positionable in operative
relation to the sample;
35 a means for applying an electromagnetic signal
to said second conductor; and
a means for measuring a performance
characteristic of said second conductor, whereby the
measured value of the performance characteristic of

I O




performance characteristic of said second conductor can be correlated with
the presence in the sanple of the substance to be detected. 5 18.
The appar3¥U§m%Wmclain117, further including a data storagBCEUSE8T4ST S
means for teceiving the neasured valu%%_pf,the performance characteristics
of said first and second conductors and correl ating the values to the

presence in the ssapdefidfstheonatstoprcandothl melsudehevhide &2 thie

ar at f clai i n said peans, tor _applyi.ng an el ectromagnetic
S onal to said rivertobhEheeCrRakacERriorie of BrlundetPng Ganavcter
el ectromagnetic stamabetcoxueliatedowiitboblecppesenceaini thkestmpilecorl’
20. The apparatughgfsﬁﬁg&g&%gég§§5§{§gﬁgége ans for neasuring a

per f ormance characteri.stic o con Uctor and said neans for
neasuri fg a perf ot¥mncEhe RpPRaY2tust 0f elaini 47secfunthesndincludiangeaa

singl e devi fatOstorage and analysis means for receiving the
measured values of the performance characteristics of
said first and second conductors and correlating the
values to the presence in the sample of the substance to -

10 be detected. _

19. The apparatus of claim 17 wherein said means
for applying an electromagnetic signal to said first
conductor and said means for applying an electromagnetic
signal to said second conductor are a single device.

15 20. The apparatus of claim 17 wherein said means
for measuring a performance characteristic of said first
conductor and said means for measuring a performance
characteristic of said second conductor are a single
device.

20
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