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WD 2004/ 104989 PCT/ US2004/ 013218 NVR MEASURI NG SYSTEM

FI ELD OF THE I NVENTION 5 The invention relates to
woom4aorsact check wei ghing of sanpl es usi ng NREI/US2004/013218

techni ques. BACKGROUND The nuclei of atons that have

a magnetic nonent will have sharply defined

frequenci es of 10NMRMBASURINGSY$SDEM n a strong

magnetic field (Larnmor frequency). The frequency of

oscillation of each atomc nucleus will depend on its
mass, its dipol e nppEm OF i miveaw@eN bondi ng of the
atom the atoms environnent (which will be affected

by el ectromagnetic coupling to other atons in the
Vi THehvieliion 8RS td1@nTbiitedd ghdak @kighitg ofMB@Risiucing NeAresigdues.

by the atom Thus, the frequency of oscillation wl]l
be characteristic, not Qﬁy qﬁggﬁe various atomc

speci es, but al so of tﬁ%i G | ar 15 environnents.
By -resonantly exciting these oscillations, the atonic

species and their environnments can be determ ned with
acBurraely! of Fines hrdrphemesncls MRAGHTHavhifepbagelined frequencies of

nuclem&ﬁﬁt‘x&l ih eﬁs‘ﬁ@ﬁ@ﬁﬁ eti®@Field %no} f‘re@eﬂé&? S§ho Hecﬁén@nﬁf d3¥illation of
IS app ied at a resonance fr equency of atons
each gamici wwplent willydeperndon i3 anagndfs dingicremmih thy @e@wahlgpafi@g @hthe atom,

the at@&%%vﬂr&hnﬁ:n%lﬁéh @ﬂvﬂera@ﬁ&@(ﬂ E} ele&tﬂﬁna@ﬁ&f@ ouplig|t8lothef atoms in the
type and environnent Il resonantly be excited,

vwmlaﬁoﬁnwthel stepgtie pf tharasstie figld §ﬁef1 b thersiek: Tensethe Gofusne of oscillation
will B ch&¥GédsE] ARt or-ﬂ}“ & fuk aRsibld ki s?é‘c‘?e@ mB@tn bl%&j d?Ytheir molecular
em ssion of a radio-frequency SI%
envirgngesintsa tBygrsonttlycpueitieg these osciliaionm hmﬂlcfsp@éﬁﬁéﬁ@f}lelf?ﬁ@mnments
can be 'd&@r‘ffﬂmédsmlﬂp&\éﬁ}a@rs TEpHehGfenbA HUGL KA 3s BRERY: &gén@ic reg-(;?ﬁnce " or
anpli1tude and thé shape of this FID-curve is related
NMRt 0 t he anmpunt of nuclei involved in the 25 process
and to specific conditions and properties of the atons
in relation to the environment. The use of NWR . ‘
t dénmiigeeSRT angigais apidiee At 2 regeeesetiiegnensr af #tamg phypatg:lar species
and egﬁﬁﬂ%n %Tflﬁi%g%n laPoms TRE Yy aff leBHonfnb ), ftheeét%lcq{uclel of thls type and
endeavor. The non-invasive, non-destructive nature of
envirguoRnh sl Feseranily &e edcitedppid vl latsh mabse jarfgusition ek to a low state of
excitdtiBR ! ﬁﬁgﬁgﬁs?ﬁdn%‘acc@lﬂﬁgr%ﬁ'@ eﬁﬁkgloﬁ 995 féak fapkty s%al%t'ﬁiéséxmtatlon

every elenent 1n the periodic tab has an i sotop
frequeicy ter & lmown deswes fivaednear Thppignal lsrlmosvnsq@ﬁhe Ese §1@§10111WeDecay (FID)
The a%tb‘flltlﬁk ah® ﬂ{%eshﬁﬁgnﬁechﬂs G YrvR G dedafed té"ﬁ’{é' O SR BehcERidvWived in the
tive nucler, can only be perforned on isotopes
procegitpad éo spaeifie mndﬁwum@meﬁ@s ¢fi thhatemeing platie 1 Eegayiemess!.
Commonly encountered magnetically active nuclei are
"H, 13C, 19F, 23Na, and 31P. The nobst common is 'H, 35 .
whltehisepEMBdednigyesdn mesuiemegedatechar st imeging hasrecome desirable in
many s%]%&ﬁfc' 48! o efR&or. a“?ﬂeqm“l %Wé nb ﬁes‘ﬁ]ﬂ& ve R RARE BaDhcilitated
spectroscopy. 1 WO 2004/ 104989 PCT US2004/ 013218
apphqap@mtoalpxmsﬁr@bmmen@u@, susitfsis@ndeongrobiedsi ¢ magnet i c
field, Bo, sanple nuclear spins align with

Almost every element in the periodic table has an isotope with a non-zero nuclear spin.
This spin causes the nuclei to be magnetically active. Among magnetically active nuclei, NMR can
only be performed on isotopes whose natural abundance is high enough to be detected. Commonly
encountered magnetically active nuclei are 'H, *C, "°F, ®Na, and *'P. The most common is 'H,
which also possesses the largest magnetic moment, rendering it most advantageous for the

performance of NMR spectroscopy.
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the field, parallel to the direction of the field. The
magneti ¢ nonments can align thensel ves either parallel

W@ bisMBY498y antiparallel (NNSS) to the static fPel/ts2004/013218
Alignment parallel to the static field is the 5 |ower
energy state and alignnment against the field is the
hi gher energy state. At roomtenperature, the nunber

{
| ei havi [ in the | | [, N+
S S AL 56, L L S L S i
the fidBy lphal@Ene et ddetisdn afshgpfiadd.i Thsmbsertic Momblits sareXjph-thdnksEves either

st o G0 AT L, L BAR S4REY B0 Bt e
lower ndf@t state) andalignhentaghihe theefighkis alicltighet bndé@l atitel. AASomhtemperature,

t at ure decrease so_does .t h ati o N / Nt. .
the i e Y PEQT iR 0y BASRE: SRR 1PAL Pl iSO e g umber i
the uppéx 16961, Ny Holtzihiie stdtiktia pravidbathance of nucl ei havi ng

spins at the higher state, a sanple in a static

magnetic field will exhibit a nmagnetization paralle

to the static fi e =Magrekixation results from

nucl ear precession (relaxation) around the static

magnetic field. The frequency of this precession
whered® 3ehélsnedyy differesdert@ngich tiefspinheatat atis Bonagmetsicondtingl IB805x10°>

and is.defined as:. V. = 2) where B is the o
ke b B 1R BV AR SRS SR B AR oo N N
As the'tathpdatirde idreas@atht raio@p@bahes unitypi cal | y hydrogen, in

the sanple material. The gyromagnetic ratio is rel ated

to the magnetic nonment of the nucl eus under anal ysis.

Thoavigy foah@gipat intbalafdel of naflei hadih® Bifns =5 thehidhér dde/aTambla.in a static

masn GGG M SpRURAT et DR LB U 90 e Rat T Gy fom

nucledd fprypeRion SFlabtid@l) atdifd the Gladitl aprietit Hields t Biel feeqragn ef klds precession

field or the_.freguency correspondj to the energy at

depen@xﬁﬁnctﬂe %'Feflgtgr?g{hf iS%ﬁc ﬁ%é{\m%{ﬁel‘iﬁggﬁg]ﬁ@%dﬁﬁd | oner st ates
can take place. ,The fundamental NMR signal is derived
by inducing transitions hetween these different 30

al i gnnments. Such transitfons caﬁE%e i nduced by
exposing a sanple to the magnetic conponent of an RF

(radjo frequency) sign typicall ener.at ed n, RF
wherecl% i) t_ile W@ﬁ;‘c E’gﬁﬁ'g&ﬁ’ﬁ’é}? F@ g?j'ﬁ%g etﬁ? g%/rg a%bf Fazxa o?)c/it 1%ast one atom,
typical£ P& ginG th alfd saniple mBRrisAgTIRL fGorhigkiit fatibEis @¢lAAE @ the magnetic

momeg’? @3@6‘3@1%}13 Ja%aéﬁfg}?? 5&{%%%%%&{?@%3%1{5 2.’?%7 f\/l(f-lz‘/;'llzegla The

frequeBiOf thes peadicdds kidwinls R iengyr Bstuédcedy, whichalas b bemeptualized as the

uring a ansi tion _between the djfferepnt alignnments.

rte of iS04 B Gustets e e ept Beametisgeld puine Bequny gt paapgne to the
energPit vhich a-tradsii@Sbadwéeh the 1pd&, 200 DweAitHsy cah SakdpRde. t hi s

resonance typically occurs in the negahertz frequency

range, corresponding to FMradio. Hence the radiation

| ThK FOWAmM3Sal REMIRO sighall efjekeived by Riducihg diaddiliend. beBvedfDthese different

. 2004/.104989. PCT/ U§2004/ #?218 . The si %nak i n NVR t of

alignmggise SPESEBBORELNPE DORTH CHROSHE £ FUFRIR K h B ReBt cpRenent of an
RF (raﬁiﬁtﬁfréhﬁeﬁt@? oiphe diypiallyn@n&itbd by WhREItollBREheR thd @Bgicti¢ dinponent is
applieg[pg{ngggcﬂglﬂﬁg{mféth%nr% %'ﬁcsﬁ%e tQorah, O grgeart aegaer‘[ig}far RF frequency

(identical to the precession frequency, the Larmor frequency), corresponding to the energy emitted

a resonance occ

or absorbed during a transition between the different alignments. When a strong magnetic field,
such as in the range of 0.1 - 2 Tesla (1 T =10,000 Gauss) is used, this resonance typically occurs in
the megahertz frequency range, corresponding to FM radio. Hence the radiation is known as Radio

Frequency (RF) radiation.
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energy emtted by the spins which sinultaneously make
a transition fromthe higher energy state to 5 the
WO omenomeer gy state. The signal is thus proporPCDO82004/013218
t he popul ation difference between the states. NWR
spectroscopy gains its high level of sensitivity since
IS capable of detecting these very snal
po ulatlon ferences. esonance, o
st S PO e et s o B A ERRR B ey saey sbrorbed
by thd Jﬂ)ﬁts S{hiidhSmaAB & tﬁahﬁtu&pﬁi&iﬁ fRNeie renerg\fl steth t@ihy @ghtiMReig State, and the

energj? Et{%%tieé, k% B}egplﬁéglhp S A talixNeQN{-?sl)Z Ly 12831%1%\?% ﬁeﬁl tg% Liegﬁer}rein&gg state to
the lod@S b@AgGstite. axe lstgeattlh S lpﬁdpemoﬁm ta ﬂmapsdputaubla difRteteBdtween the

speci es of a asured. after t roton
stes L EFFSRpY B RGUGIEH IG5 Y ST A i dEE g e very
small POp @A ndiffatioys. S ttaik e RRYAeL & efxlclﬁkin@e of Bner@t lexr spaoitfid Srequency

th ce |on is nodifi T cal |
benweph e BTRUEE L PG Or U R AORCE SIS FYiB o Bo, 1 5

t hought of as being along the Z-axis in

t nsional s ace. equilibrium th
et SO B ApREPL e § RGP THE “dTSENS B TR whien s
demg@laﬂb ledite r’tﬁ’gﬁlﬁldl of bipettidulBonuanel dpsciesadfl echniphebeing measured after the
oo TRt 22Lt on M, L L, COM MR Lo i o
other v@fde rtltee;ﬂedeﬁsl@sls nfedifle@ By ieylisaalypreaip et dnédtion of b ettic magnetic
transver se etizat

field, §Z§gt%o%t phasibging ago ﬂ}%tg a(l\v%) n ﬂgﬁeg mFP]Séoqf#estpacel Atseldgiﬂbr?um, the net
magnéBGNet vtk ilie aloyg ebepaisdctich bihthe mpﬂieﬁ&ha@ﬁﬂlm fislg B eandtio called the

oG B e TSl B RS Sl BN 5 o

M, tMiEisSkEiedto iab thé lqpHsdidl Eapetis@iodr Thee tikl @o SpinBvesy SMITOT My)
and . make Mz=0. The tine constant, which describes how
magngipalion A8 248 t s equili brium value, is called the
spin lattice relaxation tine (T|) The equation
gaver ni thi s behavi or as a nction the ti.me
it Bportie tickies Sumehimenetzeden RESRETAR Bapoloy 371 e enerey
of a fteaedrne; eqiRl fehé areryadfftrhee betiRer e uhih eeltck OIﬂ?dnaﬁ@ﬁenbﬂgg iZput into

nent of [ i on f

the syéteml, ?t_ts Pgssi ma ?%% at pl%l q;{? 31851 %%a oé/llzoger’lﬁ’se tg%er (fogf,t?ﬁtt which
describeteat ¥ rdtRasid ﬁ'@ R tisriunyWl@isicslled 36k sljiﬁf:l&&ﬁcﬂfe}/axaﬂbnoim&(ﬂ“l) The

to reduce bgfg}round noi se ggd enh%@pe Si uallty,
cquatigR EQYRTHEIEL IS A6t LR PG T REG AN 5 ARPBETREP or ds,

t he 1 ongi tudi nal nagnetlzatlon Mz, which equals zero

upon saturation, q b%qllomed HS fully return to

the +Z dlrectlon:M%d t'ai’n ts equi | brium val ue of

Mo. While this theoretlcally woul d take forever,
ow ng saturafio

, f ol = M when = 00),. i
Tiis t(hsre&é%%ﬁtﬁaﬁt § the Bre FeRBP B ier Erdrpompen R}E@a@e@%ﬁh%ﬁy a factor
of e. Wehdehat@ecny) rlﬁé 3;‘0&93 Moh In orids tg Hﬂp&\}\)ﬂb@%ﬁﬁ réﬂeﬁf&li measurements, which is
ConStral nts on the speed at 1 C S nm e
necesfARR By AR AR IPE B TRSDER S8 ATl S D O o 5 alloved t
returnSi9 V). €8 othBir Warad) tidlon gith @hdl @Gihdtiaaicd (MLS whith\8hals zero upon saturation,
2004/ 104989 PCT/ US2004/ 0%%5218 If. the spin E%St eF?

shoul e A sted et i, By 108 FEESRER RReE 24U HBIT ALt e Whie

this thegregbaﬂlg GlduRiNakel threviM élle 18 %'sitﬂraﬁ&{ W= R whirSt = o), it is generally
GQUI rlump08|t|on aon axls at a rate also

consiggaefesuffecipnbyrham Mz TR Mo, whtch occurs when t = 5T;. This places time constraints

on the speed at which a sample may be measured multiple times or the overall throughput of

samples through an interrogation zone.
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equation governing this behavior as a function of the

time t after its displacenent is: 5 Me=M 1-2e'1) (4)
wab@4apiose | attice relaxation tine (T1l) is the PCTES1004/013218

reduce the difference between the | ongitudinal

magnetization (Ms) and its equilibriumvalue by a

f a(’ff e sph s@stenh-lésr everimﬁa,tedalﬁ)rﬁh@ﬂﬁ&ﬂt tniag’fﬁtlﬁinoh 3ntb thd —Z diection, it
will % llljabjlr gg\rﬂ éo 4 eqllelirhbpgr% p'f\)/f%ﬂgtgxo%r ot Jﬁevg? Afis & ﬁvrg@glf?ﬁ%fgvegﬁe%%y T;. The
equatibui gavgtigtthis héhalior dsefuiedion 6BHE eink 7 aftdr (18 disSladeientied

into the XY plane by a 90 pulse, it wll rotate about

the Z-axis at a frequency equal to the frequency of a

phot on, havi ng thafend; gy- 2dfrespondi g to a

transition bet ween the tvvo energy levels of the spin

The gp&a ?atttflcre% ?)?ﬁ%?)% élmreo(t‘i@t iy t11}1 eto"r%cri] (%lge Ih ["fgr nceﬂ?e%\ﬁeen r%el\)ongltudmal
magnamzdltfm (MY) quidas equlhbranﬁ salmabwke’q‘abtasﬁ ebétem;ss@ ibelepet tink of t=5 T,
is re§1[ured Elordep ?c%r t ’?o r‘g(gae I tal(lslle'I p g59 %Cg &)lia;%%% a sn%%l%rt tél}’lee §onstraint on
sama thrctughpmvn Lar m)r frequency. The | onger the el apsed

time, following the pul se, the greater the phase

difference. If the detector coil is sensitive to

meaﬂuhe eﬂemﬁgsetizﬁtio‘ni ie kcda;ed mtot the XX p)ihlreenrtai WA pulad, (mei,ll rbtae about the

a resulits .in decayi n g vent ual

Z- ax1s ;Rr o% equene egual t0 thﬁjfrec%uenc c}é“o n& go ﬂaw%ﬁc RIeEY CP%%sggndmg to a
tranmtEDné)e'd\eelaghe ofo ¢ﬂegytle\&tssofﬂ1e$pmnﬁ“gm diteaty mmalld&‘bdyq Ldrsior frequency.

In acic%&glnetg ﬂ%e%???%)% trr]nar eelfu%gt(t?otnl oorlwv in {%ﬁan Bl’ane startF t%/ depli:.ise because

e SS
each'lafeher@tn paakptehaldng 1tcmp is mpblhmlcﬁ(g’ aplighttly cbﬂ&snttrmgnafooﬁeld and hence

1 05 O3 AR G Ro P HE e e

the phagnéfférzati dﬂhthb dbasterscdilne saaitee wayicasiiamestpion fislgs th the X direction

alon%, ?%eﬁ e\% allrsgqg rtﬁl%g%g)tel;r %égﬁ%ig%gigge;ﬂ,gvg@ail? d@t}gperg%'lc%%gtzt%%e The time constant,
whictli defoeibesnths doeity we elire tsam'smsleailatghﬁ'&aﬂicenl, k@t is enlledrtbe spin-spin relaxation
in-spin relaxation is that the former works to

re€turn MZ to M), while the latter works to return My
to zero. T1 and T2LwedMygéeStussed 30 gBparately above,
for clarity. That is, the nmagnetization vectors are
considered to fill the XY plane conpletely before
T, isgilvoays irgs thac kr aqpalab 0‘ n gTIﬁeh&t Erag)ehmtioﬂ\ﬁt thaXlYyplad@aiobs to zero while the

r sses oc ous e onI
tonsPi SRR i ety Rebs o oy SBRy. ¢ oy mansverse
magrietivatioabtlar s thosameivayt e t o the decay of transverse

magneti zation - (1) nolecular interactions 35 (said

to lead to a pure T2 nol ecul ar effect), and (2)

Vaﬂhasﬂiim-spin irelaxBtion tifne, BBl the dms ti@kddocd theltdpsversantighiedization by a

fcte (G TR it B i SR BGPTSR et te former
work® @@M&@M&B MRCWHLSRBQditd 1d2E80 rdtire Ni@ﬁ:(ﬁyerof T Bmh"szv‘eérs @iscussed
separg%%rn%olg ?ct)rlzf%ﬁx l & it 392 In{l]al?ggetltgémn% v%c(:)tg%saraenéﬂq%ﬁerec? J[ qujthe XY plane
complekiat bebehigpwied imeln dphealohg fheomarBl ecAttadllypringle Sgessses occur
simuﬁgn%oﬁs[ﬂy?twit{x Ed%rgnly restriction being that T, is less than or equal to T;.

time

Two factors contribute to the decay of transverse magnetization — (1) molecular interactions
(said to lead to a pure T, molecular effect), and (2) variations in B, (the applied static field), said to

lead to an inhomogeneous T, effect. The combination of these two factors is what actually results in
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I nhonogeneities in the magnetic field is 5 1/T2* =
1/T2 + |/ T21ffl,. (6) The source of the
w0 pdvarrogenei ti es can be natural fluctuations, PEI/ES2004/013218
field, or inperfections in the nagnets generating the
field or magnetic contam nants, such as iron or other
the dbelyrof ragnetd magetiation. THeQohibingd aakicomsiant B calkddudl, btytr and is given

the ?yﬁl%§{]£ aa ﬁleg%ﬁ%%ﬁ%n??t‘%%g th% ol %111 Cﬂqoﬁecul% r grtocgsses and that from
inhombgeatitiegaticomgraiedichifist he i nstrunent. Next, a magnetic
pul se is applied, which rotates the magneti zati on
vector to a desired extent, typically 90 or 180. A 90
pul se, for exanpl &L,Yold:ed/T.he magneid)zati on vector
fromthe Z-direction into the XY plane resulting in
transverse nagneti zation, My, as discussed above.
The Afdr@r oftthe irmpl}nbg'eneitiésodfand:fe ﬁahﬁalﬂlﬂcﬁlemrkhﬁladielcﬂ, Sr omparfestians in the

d of th
isgg(ege?rntfnégﬁe fo e?cho efte s 15%181 ﬁ%tté’l sg?hnaas 0 8r ?tﬁer r{o rl'romagnetlc metals.

Fouri er Transforn1ana|y5|s transfornB a tinme domain

sp c itude of vec
?Pes)ra? 1c€ %%ngbquﬁlgﬁgrf usgrgél%/l% Selinplg qilg i ylaced in a static
magrreeb dieldy 8,, velrigh istthﬂﬁ)e,rrogl[tloﬁl’lzoﬁe pathatiesruimactl VINektiad magnetic pulse is
a.nu t| hase trum

applig%g%ﬁg{] {oéa%esé eu}ng%egzaﬁo% ézap to ) dQ/SIE f(fj%en]t nty%lfzﬁlgy‘)on 8r %0". A 90°

pulsen u‘hrleeimp}é rmtﬂtﬁh@mﬁgneﬂiiﬁoﬂi Wcﬁdrlﬁ@m thé Zidirectjou liige the X plane resulting

pul S | e d
in ey MG Bh o the el SR o 25 AReaRofsf €t puise, there
occusfaffese indubidonsiecesi(FIDY iof the afaghdtizatioh @cdocintgdi@ith the excited nuclei.
I nternational Patent Application No. W9967606,
i ncorporated herein by reference as if 25 fully
wr [Ttad@iond lRouhxﬁl Trmsfdﬂmsmaiyhle $raaasf@rhe aktinae dghain gpecyrsme(amphtude of
UCtI line i nc

magi}eg%atlgp ggetcﬁ)ﬁs V8 ﬁ?’l%[ O i 81(1?n8y fc}og}aal Sli)lecgrm‘g n(fraequengy vs. relative

amplltmde&,rwlﬁgatdpmﬁtez odevidual ﬁ:dfcﬁaﬂicﬁesa)uneﬁ a mﬁh@h&te isgetrivmn This separation
Wthin a, s | e cat hi erro ati zone, .
can B e FP it a%gg)el mfshﬂ%y% if SE m eé‘fsf e ea?‘ﬁrﬁ “.fé@ﬁ%??%&es’ the time
betwédnethelpuses) thé hidsel phh@ranglg ahd ¢’ compesition of dheBmek Gird @irdnadters, which
ording to the principles of NVR 30
aﬂag%%sﬂggwgggkﬁﬁ%?%y‘{echnlques for check wei ghi ng
sanples on a production |line encounters a variety of
fg’fg léngf a eﬁ &g}%lg:g |1 n%g;@g§§§7égéyﬂgo§gor%g? g?rem by reference as if
fully p\amttdncétembm ldegerivést H1icheck h&l@ﬁﬂﬁ)k}eteﬁoftﬁ ahmples oh a productlon line,
nthe s of te erature

1ncluﬁ1gé I,'il\é\l'%]lg%?t %)r 8ré:i1t}n§r€/ %gtl %ﬁ f 913 oxer; (ﬁ]eln gﬁ%a[ n Pne tot crr]eate a net
magrRyisdtienwithinc sﬁmplb dovated Mlﬂhﬁ&hﬁiﬁtdlﬁoge}tloﬁfzoﬁeh gnd @RF coil for applying an
nt ai ne 004/ 104989 PCT/ US2004/013218 |t )
alter%@w H“a%‘?ee 1 @%15 C3B1TR PETREBIT 6%“?&}@? e ﬂ%@%&ﬁplf&?cordmg fo
the ptilgpied 6fNMR. and/ or conpensating for the above noted
potential sources of inprecise neasurenents for an NWVR

sanpl e check weighing system 5 SUWMVARY
The use of NMR for techniques for check weighing samples on a production line encounters

a variety of difficulties, including but not limited to the presence of interfering species such as metal
particles either within the sample container or elsewhere in the system, effects of temperature on the
magnet or electronics, humidity in the sample or system, and mechanical instability of the

containers.
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The present nethods relate to check weighing materia

contained in a container, which is passing along a
w@ewdaetsdilling line, i.e. production |ine, bRCTUSioeH013218

magneti c resonance (NVR) techniques. 10 The presence

of ferrous particles in the nmeasurenment vol une creates

Si ghwbuld datledilelje aﬂlamwdm sysfent ht&i acthotd fe }deﬁtﬁfytng @nd/or compensatlng

i NUO ne neth ﬁﬁXﬁ
for {ﬁE 2)6}/ ?ﬁea gof\ Htéa? sB eSS e%ti iempreCése %ngliemglfl S flﬂre %rg sample check
weighéngtsygéms. This can be used as an indicator for
cleaning activities needed. 15 It is highly inportant
for the functionality of TL |ight sources, to contain
alimted amount of nmer SIMMARST et of ore it has not
been possible to determ ne the presence of this netal
in a non- destructive way. 20 There are a vast nunber
of Tie pcasertt Snatfodsvialadtot chaeclqwaighihg rrt;htqniehdmtamwd tine cowriaér, which is
e of art NMR IS
passmg aFfonlg Vgro#uc@llan rméesgn i (gutcgén ﬁ lbycnuﬁlgz}r?rln c%re’uc pesonapoe (NMR)
techmigasur i ng volune and can therefore be applied to
their detection. An inprovenent is provided in a
magneti c resonance nethod for determ ning the mass of
25 Thanppkase bhfeaoysmadiales inche hmeaseremeninoiting angtes aggpifigant degradation
of the atclcngr% (I)}atgg %teas%regnlegl dAlch’r%1 uE)lllsr %1%—11916': %neeﬁqto!i (%sn%romde to _determine the
errggation zZone ToOr creating a ne magneti'sation
preswrct: hand iapmahihesd we@aied Thig bannbd teed iantae rinch@adrl fonclzaire; activities
(pgplyrng an alternating magnetic field in a second
nee g
Ifferent direction in the interrogation zone for
tenporarlly changi ng the net nagnetlsatlon of the
cate
ernI Z“r%h lmé)ﬁ forq u{lc a)n%lrty Pf:gg glgfﬁ‘p Lérc%s ci%)n{aﬁfea limited amount
of nrEgnet H&atbfcmmt dnﬁs ndt @eemmstlele ne tietemnsne the prebgico ot thisnaétal in a non-
destSL@le, and generating an output signal having a
cRar*acPeristic which is proportional to the energy
emtted; conparlng t he output srgnal characteristic
W t'II'I]',r Jel a%ea g/g num etr%lf IBt% ucts (g,tm 4 1ch theeacﬁl%h rc]ie e%hs oI t?t absence of
sampf e knomn nass,; erm ni PMasS” 0
metaﬁla:npﬁr‘eqles CIﬁMRalSthlghlyS&edsmm_;e toGhd/@e%@ﬂbﬂﬁdiﬁ]&@ particles in its measuring
V01u1’F1’>1C6:T/ %%r? 91{: 9)1re:3b2 Pheang lr}¥1r e &ion 20 excitation RF spin
i1 €€ noni torlng the free induction
decay energy of the sanpl e and generating and
gan;r PLyEm 8%% Hrgaﬁg tnﬁar 1'1125%%{: ic resontance nsigthod R dgtgrtmining the mass of
samples in a production 11nc comprising:
applying a first magnetic field in a first direction in an interrogation zone for creating a net
magnetisation within a sample located within the interrogation zone;
applying an alternating magnetic field in a second different direction in the interrogation
zone for temporarily changing the net magnetisation of the sample located within the interrogation
zZone;
monitoring energy emitted by the sample as the net magnetisation of the sample returns to
its original state and generating an output signal having a characteristic which is proportional to the
energy emitted;
comparing the output signal characteristic with like data obtained from at least one similar
sample of known mass; and
determining the mass of the sample;

characterised by:
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appl ying a 180 excitation RF echo pulse to the sanple;

5 nonitoring the echo-induced energy emtted and
w@emenatdBng and nmeasuring the characteristic PET/UR®04/013218

echo out put signal corresponding thereto; and

conparing the mathematical relationship between the

chapgigihg b 061 dxGitfon RIF@pia PuBe PUhdanpi, gn aI and the
characterlﬁtlc of the . echo out

t
comfat t1nghe, freq duckipn fecay giegy <§ ﬁlzf @% fléﬂlgfazg% and measuring the
char§dRii¢ SAhEQIColtal kgl b&re:spsoauﬁing thebd;ween t he spin

signal. an cho_ s a ot her suitabl e
nagW@WBgFg Xﬁggﬁﬁggﬁ§w§ﬂgﬁgxées %gration. Further,
an nildmpbmgecﬁeaﬂmhﬁuwdcme@ye elmiwad andRaaeliigCint @ReANE the characteristic

met_hod_ f or, erm nin mass of sanpl es,
OfmﬁfgW*HHW§$@@ﬁﬁ§W§§P ﬂFﬁf ential drifts in the

e @6parihg {5y itRdMatics) mmtioﬁsmlgbetﬁéen&]@@é}ﬁaﬁ@nﬁicfo‘tf E®tspin output signal
[ rst direction in an

and&%?@%%%ﬁ@??ﬁﬁgiﬁﬁ%OWEqsﬁ?%at|ng a net magnetisation

within the sanple located within the interrogation

SeaBhdohpPER it e Rt £ 130 FPah iy Selelafbe e o

betwleITHRr Piri biynal hahgeHagsiglae of @by agn elitadRt mathentdticilhechnique such as

.. S le located within the interrogation zone; 20 c)

1nm$%ﬁgtoring energy emtted by the sanple as the net
nagnetisation of the sanple returns to its original

e, and neratln an. o ut si na havi
ohdPHsorn SR praiddy ohb R A e PR H R dpr gltermining the
mas@diﬂ shihpies, peovillich) coﬁ@&ﬁaﬁdnrfgr pobeatifl dkiftslin t5¢ feabring system comprising:
gﬂgs gctbﬁ{rlg{ g:ﬁlr g}v%%lﬁegw g?hﬂﬂ gﬁgﬁgg%ngﬁ gn %grgg)ga lon 7048 %or creating a
net rd@tnetmmm Wighih fhe simssloodted \hﬁhllﬁ ﬂﬁ'@lbt&roga’fidsrazt‘oaé;t eri sed by:
tainin const ant ilit e. W thjn access
HEPTRE B PSSR lbmse Bl h e ARG it b RSPt zone fo
tem}ﬁﬁdmj' EBingiag the Qalﬁigaglﬂﬁfsmﬂﬁiloﬁ ailelsyngpiie to2ated withig tliciften@mtonfone;
t he_constant stabili a S rou
L) EOnPR e e bt B s 1o Paglreuonaldd S rerurms o

its oﬂglaﬂu;fa&nﬁﬂt gendr@ting@h QUi gnbhieaviig iaf dhariatteridiie whijis @dportional to the
and, . E gnally adj usting sanpl e mass neasur enent
energ e @8 conpensate for the drift. 35 A nethod of

detdgreoinpiritg the Ebuﬁb[t’eslgﬂihﬁ: eh@hcteritialwithnlileadgd eBtaingd from at least one
. OVIied conpri sin mai ntai ning a constant stability
Smn%é 9&?% 4% ¥t errogati on zone during testing of
t h&) saemligsg thd A ZOR4%4HPI4989 PCT/ US2004/ 013218
appg%in%.a Llrst magnetic field in a first direction
in {584 Pgati on zone for creating a net
maintaining a constant stability sample within access of the interrogation zone during

measurement of the samples;

at least periodically determining the mass of the constant stability sample by steps a)
through c);

comparing the constant stability sample mass measurements to determine the drift in the
system; and, '

optionally adjusting sample mass measurement values to compensate for the drift.

A method of determining the presence of metal in samples is provided comprising:
maintaining a constant stability sample within an interrogation zone during testing of the

samples;
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magneti sation within the constant stability sanple and
the sanples located within the interrogation zone;
wW@ppkso4989 an alternating magnetic field in a sPCDO82004/013218
direction in the interrogation zone for 5 tenporarily
changi ng the net magnetisation of the constant
st applyingya fsatn‘pxigeemn@l:ld hen franjiteet®onlin amirﬁﬁrogmﬂldrﬂ']zioﬁe fonereating a net
I nterrog t| ne; torin t.he. .
megs B4R A8, PR sERb et d B Lo 68 plin fincerogation
zonasragnetlsatl on of the constant stability san‘pl e and the
h]?lsnétra%tsai t{e}%%ﬁlrgggxgéérﬁao | gl nal %Sotggl rf:%onvmqlg 1n¥e§rogatgn zone for
temmmﬂp clhangmg lthetret tnhgnetisutiogyf mmdnmnt stadiidly &Onptoandahd sagnples located
wit {%Bll% Ot Si naI characteristic of the constant
}gl% 1 )gsarrp @ and any of the sanples, with the
st abtbretonmg pmﬁrg§s Blgtt’aﬂ btyhiae actsant staﬁiﬁtyosfanml"eeamiothstsannples as the net
ma%%%ns ‘[tlonf tfy the K rrgst nt S ﬁlb1th?ye§%1§) eng th sgllrn 1es Iréug%ﬁ'% :to 1ts d)trlgmal state and
gend:ratmgmabuﬂpgt sugmel }pwmgemha&acma‘nsmewhbh lslpropbi‘tlenaiamm)le eserg}ﬂ.rﬁmﬁcd and
met hod et er m nln t he £
i's GBPB%IF% etg €0 Otl%t §1803 aharagggf ﬁqﬁe C?nStraStt st%péhtx g%m}% an(? any of the
samplieg ndthitlte sabld susdut eligtiad clidraeteristiv o Ithel dohsednit sbgbmtycsample tirethe absence of

for crea I sation hi n. t he sanpl es .
e ook N bR e oFPERFYG SE APs B el B PRieESe of metal in
the ahipms.natl ng magnetic field in a second direction in

the interrogation zone for tenporarily changing the

net magnetisation of the sanples |ocated within the

i ntemethgdbdbf darermonie; th@frestneei df atetahin semplleggs pecn?iidetl ednﬁlj&mg
g?:aBP]s}q’gl)? 1r§taﬁsa‘%nt gtlec afﬂegcs {nhqagigrgtgér}r:ﬁ?tggg 3 glil I}teﬁ‘%og?tbon ztone i%r creating a net
magmetlsgmcma;lntlﬁrt it eanaplel Ig@ndvathinthe aterogdtiptizoret gnal  havi ng

emalpP g{ﬁl%(:atge Etlexil‘éh%?@%p ig héd 8%8{0&1'& 3%&'5(10%qn theein?e?rgég%n zone for
tempdiaila cliagping themegememam diyheﬁsampllenmatécbm}ng thmiiﬁtb‘rrdg'akcm ZOne;

dat a obtalndfr | eas ar...s

s A R Y e
samplo rané S0 anhsg @tumsl tarltssaugniale ststegznﬂl ganbatiar ke rqugtut @ignal having a

. nGe |n the sanples. The

chaﬂa&%sﬁ?%@g g r?%&ﬁcﬁﬁlgtoggteggrﬁgg&ﬁg aaP e the signal

an‘pllompud‘g bt duhpmt aigndledistactenirtic gemrhtad by ssaiipienitoping hveth like data

cConLr.es out put _si ner. .
obtalneld rom%[ri{:agp |9rhegsnél ar sam %rhéﬂfl%gg E?:ﬁfrﬁ‘%? %gg%_@éﬁ:omon from the
corrB¥RAMIINGEnargamgle isignai cBaIztvmmaﬂld iadivdtiagtlefpraseipe ofluetal innhe samples.
line with an NVMR check wei ghing station for checking

t hat each contai ner passing through the wei ghing
st dfhe@nmpasoh waéthdési damdnaazrmlatet theﬁignqj ram;blimﬂe oBEheFait tpastlone similar

i rarmatlcall sthe ck
sam?\lgi o] %I ﬁ(érress ntdlng u% 51 %u € gener eid é’r nlgt omtorlng step.

enbodl ment in whi ch a magnetl c field gradient is
appl i ed over aBRIER BESCRIRT I OF it DRAWDN®E04/ 104989
PCT/ US2004/ 013218

Fig. 1 is a schematic view of a production line with an NMR check weighing station for
checking that each container passing through the weighing station has the desired amount of

product.

Fig. la diagrammatically illustrates the form of a check weighing station according to an

alternative embodiment in which a magnetic field gradient is applied over an interrogation zone.
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Fig. Ib diagrammatically illustrates an alternative
check weighing station. Fig. Ic illustrates a further

W@ b@wako4med ghi ng station. 5 Fig. |d illustrateBCHOIS100£013218
check weighing station. Fig. 1 e is a schematic plan
view of a production line with an NVR check wei ghi ng
station. 10 Fig. 2 is a block diagram of excitation

and..pr.ocessing..el.ectronics that.fo part . of and
coriof RSO R PR s BeS i i |
Fig. 3 is a graph denonstrating the use of spin-echo
t echni s to indicate. the effect of ferrous
paﬁ??é?ggm?ﬁfﬁﬁéggﬁg‘%ﬁygﬁmPﬁém sanpl e measurenent .

15 Fig. 4a, is a schematic diagramof the NWR
transm.tdreceive,probe wi.ri.ng circuit. Fig. 4bis a
scﬁg%g?ﬁém%%gﬁ?gﬁgﬁgﬁg% mlﬁ%%ﬁﬁﬁ%ht inserting a

stationary sanple in the system 20 Fig. 4c is a

sc tic diagramof.the NVR transmt/receiy r obe, . :
Bt <G AR PeR b s SR B Wb BTSSR e PG staion
curve conparing relative nagnetization to tine in

fractipons of Ti.. 25 TAL LED DESCRI PTI The present
a5 1sTa g%kedlta%ram OQE xc%lilioré I%ITEP% aro%sts%lig i%;ﬁ'ctromcs & {%Idm ipﬁur‘c of and

met hods rle chec cont ai ne
conteol dlervhedkvesighingtsiatibn slwwnpa®i hg al ong a producti on

l'ine, by nuclear magnetic resonance (NMR) techni ques.

As one 30 exanple, check weighing is used by the

phdiigreicsut grejgtl dermandtiuging \thd oge dffspinfoin teohniqgs andhdicate the effect of

requl.ation of the of .a drug in a sealed gl ass
rery St R et o Uk fpulf i an b as sl

as a fraction of a gram and is required to be

wei.ghed .wi th an. accurac few per cent,or.bhetter.

B R ARy N S L N

wei ghi ngs per second. Conventionally, to obtain the

A e R R
syst@gneci si on bal ances both before and after filling in

order to take into account the weight of the

contai ner. Because this is tine-intensive, only a

f r dtg. idois acthdntatic fragdnadf tlea¥VIR erahesiteckivel frotebainpakdions

from expected values are detected, a |arge batch of

product can be wasted before the problemis 9 WO

2004¢. 504 9 §hpRPCHIVINS 0 @41203%83d Burve clemiatifig ethtivé\satieizatioalto time in
frachUSt ?F wei ghed both before and after filling, the

|§R|ng must be perfornmed in an aseptic environnment

between filling and sealing. An NMR apparatus for

deternmining the ”Hsﬁn?ﬁuiEﬁ%ﬁBkﬁupfﬁﬁfa"y may

conpri se neans for

The present methods relate to check weighing material contained in a container, which is
passing along a production line, by nuclear magnetic resonance (NMR) techniques. As one
example, check weighing is used by the pharmaceuticals industry for the monitoring and regulation
of the amount of a drug in a sealed glass vial during filling. The drug weight can be as small as a
fraction of a gram, and is required to be weighed with an accuracy of a few per cent or better, in a
vial weighing tens of grams at a rate of several weighings per second. Conventionally, to obtain the
required accuracy, it is necessary to remove the vials from the production line and to weigh them on
precision balances both before and after filling in order to take into account the weight of the
container. Because this is time-intensive, only a fraction of the product can be tested. If deviations

from expected values are detected, a large batch of product can be wasted before the problem is

9
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5 generating a static magnetic field in a first

direction through the sanple; neans for applying an
w@bdoenoaBe ng excitation magnetic field in a serpOnNUS2004/013218

different direction through the sanple; nmeans for

sensing energy emtted by the sanple in response to
identifie. ex%rsithcawiab mustabn eteighed ibethdbediore ahd rafto fifingst 'thagweighing must be
perf?rﬁgg n an as evri]r% %rﬁ b‘étw%([cfeplﬂh%anrcli sed 1n§22 f\(l)mr t ﬁog?g: IGSQ

cali bratl on data to provide an i nd| cation of the nass
of arat u an_ he ? .
on-5 MK ap nBAra%us tggg%?nar?qmilé) e ma sota sa ]%ci generall?f A, agm%nse means for
genanging caomtmahagngnm&déw e foft dlﬂwlarrahwuglf thetshmplcpmbm_tfsr afplying an
alterflaﬁgn% rg(gtagann 1élragne? 1 %ngell’rl] ta sgcond dlfFereng 81|rec§1 og%%%ﬁe&alrrfple; means for
sensmgS:pﬁg}S pruitted by fiivBymze th m@onlseé the eﬁ@tatlotemmim field andhior outputting
ant i.ties [ . .
a 51% n do %ena%nc? the on Oang meas for conrll%aq;%é%e 5t gnal (\)el\lﬁrﬁ)ug %%naélg%gnesmg means
w1thm¢ch¢ahbﬂt1omdatagioagsv1dfomt ladln:&ros odifheZﬁbsg Dﬁﬂns sgmplerpfech an apparatus
can B 84 8105 80 AL A OFhO TR 110 bR A0 bl B mass of
e appar usS can tO nmeasur e
the wltmle'snd)fsa obnt@ner andepémientlybyf fhleldonmglelt imessc dfnthaicostrinemist hade of a
materlfaF\{v 101??5611}0 e oﬂselw(/j & Wﬁt n@fls TR %or ﬁetﬂ[rr%ql% retnllarggoﬁ sn%alﬂ quantities
[ cont di ners 1o a wel
of samgilg bichgs Bd}@laavmgl‘mgl\bdt\men (lelagdamebnct m?gmmmv\émqhenay be contained in
glassS go%{alr%e%n gf Qg amC Orn grehperowgl an ﬁﬁl&g&oﬁ X mél%sn gnot w?]%ht of the sample.
pr edet erm ned anmount of sarrpl e wwthin a 20
pr éfdhetappandme@ntbe!mchuweeasﬁh ¢hevinghtis g agbntainer byaﬁbihlg the container
Wlth tﬂg ért%g%gm%e?%&%aﬁtnog se?m alngpo ne%h St tLe ilgd contame{s to a weighing
rrectiron I n an n’terroalon Zone ng
statlen reighimgghedainp it widn edch lof the aomanq:rls esedling alleadmpw wiktiimthe container;
and repc%ctmg;%yr Lo ?rn;e%rsgvg iR Iagl f gc%taYnn g é%dg %r'%:arnlae(? ?moun’c of sample within a
predelnemnetd to]eralnce ﬂfhe wen’ghmgraf et samplezlmmeleﬁ gﬂnetaang)m statie inygnetlc field in
t e _net net |
a flr& cfl Wgnongiﬁ Imtf:rrorgra 1ong%or18 nfgrzcorer:]ae ng g enﬁs{nﬁ%eg %521011 W1t|hln % tsamdale located
withbytht Iu&ers@aqndraoae; dpbblrlgei pumglfelﬂtema:tngam@&woﬁeld Il’tea second different
dlrec%on 43 ?he n exgrggga 101t1 %onet % een}pgéaﬁf’fly C S'ggai%;g thaenget %%té'g#%gﬁorﬁgof%he sample
loca‘&d gmhin tb&,lmptrbgdnyn Zdﬂle sesmg ﬂgrgfteemednbw hhemainpbraathemat magnetization
of tlgeag 3 pie Ire?rl.tr&h d oI 15 ox 1tna sta SRd 0]:1 a‘gtm laesa S’tal N Gepen enlce thereon; and
0 how® Taes F e COPrelpSndriig i g}?]
compwring uhe sb'ynat hlﬁplﬁ@ysthmg:nshg ptpp WlIh cp)]lbma/tlodelatahﬁnc}nﬂiladmtth&)mass of at
least e Spilap SRaple n%)i ho! co e %aChs G ui% Q%{; eB%nslirlpg step, to
dl&{ Flsh i %H Wéﬁ% &3 ‘E&B‘Hl an éﬁ}i‘%a‘% 4 M5 P
provivettixoddicaion b&theisagh df theaample ingthin cath coafajmket.cat i ons,
including but not limted to cosnetics, perfunes,
i ndustrial chem cals, biological sanples and food
pr dﬁiudrﬁﬁ‘;on tbtpharataceveess) rsecmérgdppwaﬂuu endpmetitd ta bvhefreé in a variety of

appl}%? i dllingg)uﬁg {1161%6&: %1({5% é)Fr and :: u%trélf?l t}'le 1ca nS]’ biological
samp)les eprdvﬂd@ﬂ prbéucty) It ean rheaqmre d:hghoaame @mdlud:tm whas 1D0)%rmmplung can reduce
nat i her

was B TR b Bt P ek P iR o e w8 O By 818 Rl gler form, i
11qu1drf<brgl ahd fipgas form m}inydadbmmoa theedoghi ng station 3 that is

provided "in-line" for weighing each of the filled

vials that 10 WD 2004/ 104989 PCT/ US2004/ 013218

Fig. 1 shows a portion of a production line, which fills glass vials 1 with a drug sample.

Included is a weighing station 3 that is provided "in-line" for weighing each of the filled vials that

10
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pass therethrough, and a reject station 5 that renoves
those vials fromthe Iine that do not have the
wa@ adotiteioent anmount of the drug to meet productPCT/US2004/013218
specifications. The vials 1 are transported to the
wei ghing station 3 froma filling (and optionally
passsm‘i:thmggh abdi rejaot {taoh SSthaImﬁoxtey tmscanly dypar tho@hd thdt do not have the

etedb e_ar 9, ves i.n t
s it B of FR B0 e Roeb-d ookt 5 €0 grivk JpBora o e
weighimgeadtasion B. frohhe f Wiing dmidngptieadiy |s6ﬂh1ng|)smlohll(/ﬁbttsb®zhﬂ Ibg{UﬂS&nVﬁyor belt 7

.dete of ol he dru t hi
whichy € G B By TR o) oS Biker PaiRefor rkotgh FEEqHoR of roatng
comapqrrrvdteelatle Tgé @sighing sthtonamnses NN[R&édhhlqaﬁ tb _haenmmt thé ness, of the drug
sam]@me tv&atlfjl{nhegc}lg ggthe Ig%a%él%lgllpr%s?lé%sse %{é?lﬁd ht%é axgl PF%@ &Pprecu%%e gt?aﬁss vials are
usefWells dfivi qmgtamblabcaause3he@rcmp10t giesa sigpe thmamerht mm@rae%ﬂif&;a n&asurement
5 ,and ut el control .system 17
process (in %hls §n1b0g11%ep‘% eS wel stat1on Sompris Cf% 2 gglimacr:lar%trn'é r%Pet 1Ex3n RF coil
15 aﬂ.cDa ommmtteitcbmrdlm)g;tbﬁt 17(: Theerha@netrlfﬂlsl'm'ea)’(esdu }roeroganxenumassrrent (DC)
or st& n’{“ggn% ic ﬁglglm ﬁm V)\ﬁq(?lreﬁtIOél chosgrﬁlg \gey%rl'kn,g?n :ﬁne sam m {he glass vial
cont@ing nuddi wiidi @ich ppssess anlﬁagneﬂ'd’lmsmﬂﬁglgt 18 nuci'aln@rtttqns) This magnetic
sse bove, is. a.resul e spin of the
morr}?ﬁgﬁg?u.ssei% a%ﬁ%e t al{ﬁ\%t Oftlh e Oﬁf‘ﬁn “Static magnetic field
st rength i s such that t he Larmor frequency 15 of the
le i n the radio fr S n
el g}g P“r°8tn1§1§ﬂr[§es Py rgheecstta?lﬁm r}%yd Strera‘é% ﬁ“f%?lﬁta P fygrmor frequency

of tlnmsanmhﬁt 1s( ACbhe medjo eteiqoenty eduige t@ theh elestamnigeatmt spedteim.  Applying an
r freq nd 0|en ated It on
s oo P R B0 1o P sl 0GP OBARY Boguency ana

orlemﬁEd omiggedal mathé gatictroagneticafied, vxalﬂ)mmtse thh eard\(l='s1imeg) n@bmatization to rotate

aboug t |%C§qa§f)l(f!tﬁﬁ ;fgﬁmﬁ%gdﬁv%néo%ethg :ﬁlgre I | oﬁgqte s@tu? ?8@ ﬁ]ttbi% embodiment,
this gﬁ@x&ltlatfﬁl]ﬂ ib)gemnqmé@/bmgopaymg)a bmpmlmggA@\Gumm tetie RPOcoil 15. The
Le of rotation, of

t et .
anglt 3EsobioS 8 o me i o TR TP PG e bt aF Slspey delivered
to theR&regit 18lel i vered to the RF coil 15. In this

exenplified enbodi nent, an excitation field that
causes a 90 rotation is used to excite the sanple.
Af thethit heen§ifipdi bxsBodirasnt, bameexcagijohifettl thet tanses a9l Ietatibrhds used to

excrrg g%)sgmp Aﬁw&h Cﬁﬁ %Pls 2}2 be%rg?pgﬁ ed{;%%ke {]%1?) c lélslarlnp e'is fg}t in a high-
energy tloh-eluilibtins étate efronAs/hich itrweillaxles backlte éit eqQuikigiuet state. As it relaxes,

R G LT N O ———

induessichrrddi in tha @ Fpedk 5 anphdak udelimtle whwitith veaies edthydnidag other things, the

B e i R o e TG B PRbBLPEH I g sbple. The
receﬁfai‘r[sigﬁal iEhiten pas&i we theSdogipater icanttd eslystaﬁsgedv}ﬁ@ tdimpares the peak

amplgtﬁ,g%) p ¢ g?g%iat . ge!évegyiﬁq%rﬂe?%@é(}l\\@e%h p? Eap‘&%ht eadngai%ﬁe 309 a signal

receivednilos, a \MliHﬂatiohESamﬁlak\mﬂﬂﬁ)Hdnb\uﬂ énasf (@ xsmgm)alto detesigihe/ @@ mass (or

Welg&é 3}{?(3 (S:a%{lpgeb at | % e%a% %gel%ﬁgngﬁwépgﬁéy é?o raP]ﬁ éo generate and
rece@a siphats Deliffegent Eﬁhﬁdftecﬁhﬁ:lc&hﬁéﬂéd Vkﬂbe@fbieﬂ@ e)&ﬁfﬁﬁif&[‘hnBNNHyresponswe
recei V na| S

elemEIétF ?ﬁgpae pﬁeéq 3&% rcgltglgﬁgrg%gtarolt SgStBIB stPBe a cfia%a For each of the
diffeghint ﬁa&di}ﬂm;t thbivVRe rcﬁa:{lmﬂﬁghi@ stgtloR ﬁﬁ)ﬁIdSbel dblesta niBﬂeﬁﬁlne tHe rhd3€ of various

tr st A7 ¢ tore cal i on data
sam 3 it e SR e BB o e DR e SRl o noak
wei ghi ng station would be able to determ ne the mass

of various sanples using the NVR signals fromthe
di fferent NVMR responsive el epents.
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11 WO 2004/ 104989 PCT/ US2004/ 013218 The operation of
one enbodinent is described in detail with reference
WO 000Fi10198®2, a bl ock di agram of the principal chPOpUSm®NL/613218
of the conmputer control system 17 of this enbodi nent.
The control system conprises a connection termnal 21
f orrh«: opengivhi di@nt kabedtimnédtd desyrsited rin detail dthREfetomtd to Bib. 2, a block

tl t [ t .
Soa U DY TE TN S oD ST B Opliroodimen. The
conttamgislefnl ce’mpﬁ?es\hfdoﬁl{bcﬁmetemﬁﬂl ablfe cbmegﬁﬂ'gethatcﬁmah@stem to the RF coil

t th t whi.ch
15, SRRl R Rl ot AR o ¢ ol e 25 nc e
powdrgmplifier Zowhiek tasebdperablehto @eughatt el ammplify eésp@3ively dheaexcitation signal

whicp 3% g]?pz;lgg 9? ﬁj&% ﬁ%lFiS %e%arﬁegté?nn}%{"nlé%%leﬁﬁl iso CH%?ec#able through the

switchi 2pnad a reveivingrantplifieredleehitly atpiéfict ithet @gnaBictived ﬁdimvlv&: sample under

onent.s .an a to the mxe
test. ﬁﬁléraénpg ﬁg pignaliig, g‘xgn giiltarﬁg%y tﬁ glg%%?) t8nrvrg?\fe 1601s(e coglrgonents and then
passédnibehdTRiNenBE wfhEﬁth@fwgdvéHOmganl)s dbyfn nfuhxtertpdl Yo zngmtet*rnaﬂldfth frequency
nal er at

rjate m Xxi n t he
a0 B R BR8N i ebtoped hik o il BhERE o s B oy 25, The e
signdl loetpuf byl the meckr 3§ it then filtdredby $é filier 3R toemotdithe unwanddedmponents

C nnts t he er 35. The filtered Il.F .. .
senel R R e o dBRVLPERAT R & TR, PRLPEATRG ST are dital
signd by ﬂﬁIA/D)coh\haeﬁﬁnd oniva@rpassed 3hamitripsocedserdlpassed to

the m croprocessor 41. 15 As shown by the dashed

control lines 43 and 45, the m croprocessor 41

comsrmbm tHyethe ojaﬂreatciomtml dfnet A& mﬂg%althegmmasmb@ssoﬂalamdtrols the

tch croproc erate
operLE, 17t e Rt QP o - 24 PP Hd ey operte o
ensuxthattthd bighal Pegabr Whgmeratee tHel dxbiedion isgghallwhes thd fitlddevial 1 is at the

desi g B e S M R ORE G PHEoU DAoL Rao iy e v 1

is atald @bt lomhlfmm & sighal aeceivgd dilon e @bsmmh imsmnetdnmmcs 47 which is
ectr

CO“”F‘%?SA Jlgﬁygglf,%ﬁ% 19 @18?1%3h§)| an4<§3tlv$ (?O%HO%E)?FOE%% m%u§1 ?Im the check
weigh®p statiob8. Refiningdo Fig. 1 hﬂleﬁhlﬁcgdassmll @ pagses 1St the Iopm:aBposmon sensor

s, SR B B g P A Red B 58 o aBRRRS Do

signdl ﬂieeﬁl.cro"ﬁhich50184ﬂ Haewlt @dthli)symt‘dmmﬁmsaﬂdl the speed srthe conveyor belt 7

tronics 47 urn si
(roF TP LY sHF e oL dhhitrorr s s Ssiiies e gneropip timing for
the aﬁ]ﬁiﬁeﬁbrﬂff thdteirst ofekeytion bitent ahd s(gaslethedipdallpgndrdter 25 accordingly.
conveyor controller 51), the m croprocessor detern nes
the appropriate timng for 25 the application of the
bunsttheet sleiei ihahd atoftiighetid resunancsivg apgredidte, isialesal finite period of

time %ﬁer a%?a@rpllez%tegg rg%h(gga% I'g?n%%ﬁ%lrhbo ﬁeaSk le} fig foga—g;éggméagrr}eﬁsaﬁon of

the sfnlnp]lette df@l?;gﬂoxcgf the t}i—ﬂmctg&t GEIL tht lkecigaop lsignafﬁﬁ @fplied tvethe RF coil 15
i.e e e magne or

befof R G O (A R B b e 2B gORacd by the sample

will 2ot Ok bieGmhaaiurhf the excitation signal is applied to
the RF coil 15 30 before the magnetisation has fully
devel oped, then the strength of the signal generated
by Thé@ctsasgkitsation drd thet thé etrethi df&hmﬁlth1grﬂh @rdderted by a sample

eti sat nandths tren f th suI
varied RORERR L U B SR oLV T gl R i s wpon the
sam}ﬂé E’dmg:tes‘tagﬂﬂtth&shfengh off thd kiexicl rﬁafggetidﬂahlm dhereRkaQxiven tha strength of the

i BRI RO A0 ER SR, B ST ROk e can o

deter@itve@n Thid Einfolh&dg] bonginddheith the speed of the conveyor belt 7, determines the
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static magnetic field and the type of sanple which is

being tested, the relaxation tine can be determ ned.
wQabdog/104980r mat i on, conbined with the speed of PEEUS2004/013218

conveyor belt 7, determnes the 12 WD 2004/104989

PCT/ US2004/ 013218 m ninmum |l ength of the magnet 13 in
minitrdue 1&ngth ofahd mmet/\m ia lhel B difeetiot wiich & eeqaitsdo@nsunathatas large a signal

large a s ossbels generated by the sanple
aSp?fﬂggﬂsgegg?gdg%thg @ Ck a capacitor (not shown)

is connect ed across t he ends of the RF coil 15 5 so
to the of .t he

St HRETHAR kPR R FEShBRERp! e RF coll 1

$0 tleit émnimeiuohthad ahya ﬁ)g@mcy&f ohd eathit. ed‘hleyLammbrt frpdughaygof an MR

el G e PG5 Pbr PR BB TRy B RO THya brmeeneic

field ssredigzh By t}MgZIfo'ﬁe@'hal)c ratiolfoe thg ¢lemenigwéich dforr atdraged Gr420t7HdHz/ Tesla).
MR be f j \d f
e RG] 8Dy STEE, TR BTG ) e o a4 Cpy Ridbock of

ChehBtringy P}ﬁyrseq,qmbh%ed)foy a]RCI\/Refsdspo fBe Lemnibd fielenenbf suklR responsive
| S ca b Y t he st

elen'rﬁgtgf,%ﬁ. eﬁcule?r‘ede ﬁ}a n%lt?yyé%ﬁh %zptgt w0 egnefc’ %d agnetic field

strergjhr hgnmg rgextomagrreab Irzﬁlof for the kemehtgmbith fémltydnigenﬁ o 4207dvibdg@lasla). The

oo Rt BRd PV BN R R GRS T PR Bt Y premisey

& Pl@hempﬁblltsyed & CREPras Incp Th¢ iusing df thy RERGI] P6 s thisl way. makhethe system

h 1
ess AR G db Sl FOTETT S BiegRePBrgh ST E o 1 PER AR rp diferent
gyro@iafiestic MRtisd. ghiad &xcflfaﬁm rougtrei flowihg ttiidugle rthﬂtRE_SGml 15 generates a

o SHERTRIRSE T 050 PR85! ) RG] Sl 0 G e e

maghagathi of ﬁlt ehrdplb rin tthee vidt tlito eathte aon. prddessSatext tfea-axin at the Larmor
e A 5 5o PPRRESEH B o s
begid i@rdla Atk tdeit aquitiriunf paiionas) @yuttﬂd!‘lﬁﬁ ehé”rgy exthe fLatrha@frequency as

i S rermvedfr e RE_c t he, nucl e
theyfisos ot BOUER g, Fenelinrt R Salas e i 3o BeigP spprghfty and is
referpaisto tab i@ Sran@Mdist tretlﬁ@tlﬁi:ﬁr&e’l dhiy\epinds yeonlthe semipld bedrgpresiad/and not on
. 20 they do so. This induces a signal in the RF coil
thes?%w%ﬁ%déﬁ #seen to decay exponentially and is
referred to as the transverse rel axation tinme. This

OS28BS ) 0005 8y e

excitatien burtbt &0pss bfj¢rabhitls patit the Slgiiﬂ)dlecmmrtcs hi(ms tThe affligrde toihe signal

ci 0 rent  stops, afte oi ,nt e .

1ndu§edglpl§}f l{fa lylg b[ygflezﬁpgle 1%%0%0}3?1‘5%11& J[.?f ﬁ Vithicy 8%211{;1’16’(10 moments
in tHersatple dCorRedudatlyRm iy émb’bﬂmteylt tiieemBaupicessors4 Idinbekd the peak signal
leveg\gﬁgl?]rétré g%%slsﬁé% g{e?q?@nc%ﬁ)e%% aftghgg g%%%&o srlm nLﬁaS bleel}l rterrﬁgved from
the K €diDIH. Q@lmﬁfelé hevaittopkSsdriten paakaisd the average @1gedl over a period of
. Whi C{ﬂ egtsrves fro ([nfé)e Al D converter 39 after the
timegy fif g shage, Otha RUTe 1 0L0h RARPIOLEATEE Y r om the RF coi |

15. Alternatively the mecr opr ocessor can determ ne the

average si over a pe or.fit the .

b o pHB gy VB i Brosror L ik BUR SR iRk el level with
calitPdidon elatoshtaiddt by td@l@ngmt sl QeQAS Of shipldsheknoonALse Sto prov1de an

. . thi Kk | d t
ndiggor o35 et el Cusi Boiof Rebhit LU SrOoRiTaR T brton daa

is obtéinddrfeovt £l@urdler of similar samples of different known masses dunng a calibration routine

before the production batch is begun and is stored in memory 53. In this embodiment, the calibration
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i ndi cation of the mass of the sanple currently being

tested. In this enbodinent, this calibration data 35
WO go0eho#mBned from a nunber of simlar sanpl es BET/US2004/013218

di fferent known nasses during a calibration routine

bef ore the production batch is begun and is stored in
dataresfungtiob vhidhnelhtas the pedkadipiiaide of thé MR:sa'gﬂabreaéﬂ'/@lrﬁmﬂ&e ¥ple under
test qgg/%ggfégsmgqlU82004/013218 data is a function

Wh e peak anplitude of the MR signa

received fromthe sanple under test to the mass of

the s in t nb dlne ts .above, th
éllblq:r% lrgﬁ?% 2 ?c{] eengsn eé}}o&% tgeme Proge mon Uy thesene%ermt?ed by the
sampis alshk nﬂtmmgmnmrsaf thersamfﬂet rhmnsanptseorrmah rstage dDequtilébrium, and
of eqyili ﬁ and en t.es an .
generz«ll}? gouis gl aV\lll‘Il ag é‘ilaarag en?tac aé r1sI PST?IIDO%HC{“%% 0 tl?es energy emitted, such as
currg@t camphtndeo riBHe cbmpmhlecoatre]r gytere mecbivedithe RFqotgsoutpmt pigeaht A processor

tude

comngsDth ent %mpsltucﬁ)a o h/ir m&%ur‘g ts1r 0%1 cﬁé’rs tteennhg %%EI 1?:( %at% ?)?t%i%:d from at
leasamalslmﬂatd Siinmie ochmewn (maS@ und éﬂt@maies ﬂiaamaas: bﬁhe sdnipde fbth fthe resulis of
i ke.data.obtai ned fr st one s ar. sanpl .
the co]mpﬁrﬁsoo\rllm f i As tgsl’)e Wige ast%oed& at r%tlhoug?? %8 oo u§tf1at10n € e}ngodlment has
beerf rdeseribdie as ewbu:rmgoﬂue 1fkak hz&npimnhaoﬁ sten induitedi sighad, Ianay chemometric
char#cﬁegrlezr%t?%lgtgc%m gﬁ?a t et lg]s%él gqh 5 e ? %1 %g %glug %'rglgsth% grtleégay: %n%ged and the
outppe aigna rmhérnwdie Iof gdnbnal mod:pmsdn ste@xnahc;s may indhehoomipaticg the FID
Zatl I e, ca t hat er| VES

charact%ens 165 csfgc < e r% %lﬁhe ;Fngrolé%/rac erlsF 280 ge stt %ne Sle i.e., the
cdﬂgu@ndMagenerated. In general, conparison technlques

may i nclude conparing the FID characteristics of the

sanple with |ike FID characteristics of at |east one

kn dnvnnsanﬂmﬂment ifeﬁhe, mtch&)roct{somﬁﬁl delmraineothatdbd masslof thererrent sample

being %geﬁ}{[sad is %c%t %'Lhe rg%uﬁre% i) as %ﬁ %Sglyr)egélig'leran ce art Oélgoél’?s a con%r?l signal on
contadl linbes rteqhn reabt milﬁﬁ)llw ﬁ’hl"ﬂhe aejgctt\/c&ntrdilbi‘ ellearmmuts 4 signal to output
ou L3 ontr na the
te1m|;né'w}i g%l 1co rlﬁ ?ogpo]ac tg .}Ige Hect %}aéfiog gt tfo(g é:alfsmgl tg% CJ?C% statlon to remove the
curr@ivjalil Beidgg ®stghfadm the constepattbeR @ wihen iviamavks ﬁ@hanfﬁjlectmaltlm 5.
connected to the reject station 5, for causing the
reject station to renove the current vial 1 being
t estsestlon onfFip HE tlwmmytaf cdnérbl Syi’temhlénndyt almdoifnpeise atlset Ingerface 61
st at 2
for %I?W%nlg ot ser %o e%oq_r?m r}gtostge[ ntrgl S|¥E)tF g vgaah té'lgrcorrn‘]t% éngafs% (c):té each sample
ﬁmwﬂbe%oxgmﬁﬂmmmmgpmﬁanuser to programinto the contro
system 17 what the correct nmass of each sanple 25
shoul d be for a given batch of product. In certain
entin dertan ésbodimenits) gl selgmemsasn@mntof@fsampﬁa mmdse isdammed for each
I sdet erm ne each

ne
vial, STRCIERRSF e et Riedeat sf By P bl ISy siSiage of repeated

meammtse dlowaeas the erme nit svhidHomeaseremetith @ati &t emale onhihe lsame sample is

e sca nmade,aon the s S l.e is, 30 .
cetef R e g R urseks e o i REE S <SRt sippp! s boen
rema@d,tii takﬂs appro)afntmly 3 ﬂilﬁeﬂheg:iretaaﬁtionminﬁ:i f_glnﬁé pilvass bereturn to their original
ahgqe?l%g &3 IIhet s&aéw S}{;(a%fi%t%gt%ﬁcg )é# %F%‘? lBXi{ltga {uktggrsbu%s? %E 5}%{1} 1o%tcurorent can be
applildi gned state in the static magnetic field, at which

point a further burst of excitation current can be
appl i ed.

Separate measurements could be obtained either by using a number of different RF coils

spatially separated along the Z-direction. Alternatively, the conveyor belt could be stopped each

time a vial reaches the interrogation area and multiple measurements made.
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35 Separate neasurenents coul d be obtained either by
using a nunber of different RF coils spatially
waepanesed al ong the Z-direction. Alternativel RCT/UR®04/013218

conveyor belt could be stopped each tinme a vial

reaches the interrogation area and nultiple

measur ements made. 14 WO 2004/ 104989 PCT/ US2004/ 013218

le asur S..0 sane

pod Sl%h@;]le mé%ureﬁlerﬁgg{}e? ?a(r_)r[ea r%leso 8 %% b{m}lthe 11?erro%§t10n zone of
the nidgn&t@ndl RF soil &rlgee ernmglgto allowahﬂlmsﬂﬁ mehsuieplests mzehestak@mnmenng the
speec%oii‘ t?xe cc%nﬁfgygogléqp gnnsugl?r Ion r?:cehﬂn?ent, ega%guéegcf rogc e sg? Qr%{ ﬁs)ﬁ?depend upon the
hom%eshaszvthd RF deipenidthel prgndtih éiel@ﬂﬂ%ﬂ@éﬂ@ﬂd)gﬁﬁ@f zdrlers Rfell as on the
system 81%121?{2) NoIs F ?ndn{ﬁcgﬁﬁtc{nﬁ {illl ?acfj é m’%shglﬁnnlgl %rﬁsnn %ﬁﬁernol%{laé %ﬁRF coil are
knovRF irc @ilVanse, f théd tfﬁadmwledgef cdgrhbe fusei do praetke ecronsctmfns tdmethe different

C § ce,

meask“%%]\;\adn{ sd%egc gfnls %d(!htlg}l ?%(b & cc::oglrs?g% % olﬁ écheon sn§h111n§) may also be
providied foamgrvtve t}néamugeacnsmf tls sgamalnsagnealcﬁe],d additional X, Y

and Z coils (known in the art as shins) nay al so be

provided to inprove the honpgeneity of the static

magnmta ambbdleiedt a §igle rviad ireloeatdvlowittine fie RFacodi yghterrvgatibn pane at any

one Er%g af¥1 1agﬁ1 %ElbsgllyR T Ite!s anothclarm roﬁ%%%{ }0 hlé]? e c%hlponents of a
ustrates
chech metghmg stamnobl alhmnnnulrtlplemlscﬂu bb ﬂm*atcd) mnbmehﬁ BF ofil &5 intenmgddion zone
hi
at thc\elvgatn% %11’1’1? ﬁﬁc'cf ‘g%cl‘? 5‘11(1%&1 %‘E‘lagsw-p surtean t%o \61: %‘mﬁe Bf')th? g%r{;]ﬁg %ﬁ‘ﬁ each vial

errog ati on
mdwndtn’éy aili'odachhver:ﬂmsainl ovh amhtahlmmnasaddlemem th¢ statie magde lbfmd the RF
e. W t-hin 1 ndj v a
coil ‘i? i 8 1{ H)alr of ICPIIISUC% nd Z%Qrg loc5atetd eltlh éj dﬁ dll% e cIr?vey?r belt 7, which
operaie ax prowdag magnema ﬁald(i‘rddimt R¥ross d@i donﬂc&pr =l [Aaraat‘@ltpéﬂns gradient,
and .73 ed eil. d
the S%];;Ol% \r}né1§ne ic )q:?erler\ﬁge| ¥| ea Opgﬁ I las yals P;vﬂﬂa%glffgreﬁt; Jr]ﬁt us the Larmor
frequenel df gneaudmelatmawc}osﬁ tltehtéraeoxna/leym nhebmtetrogatlomoae mel$llvbtd1fferent
i en the static net 'eI .

Consegltuenjc? sachy aqk%:?n {é% i terro]gatfiseparlate A leg1y1n Lrlef: ggiéerent narrow band RF
pulsaslaf the pgmopraed atrhardretimmcy.ar nor  frequency of the sanple

in each of the three vials in the interrogation zone

wll be different. 20 Consequently, each vial can be

[ n%étenna@s&bed bscfap &niat RF y)ullsg capp by applied bivee ¢hedinfefregatint zone and the

[ AW d A I at e

resul 1n% 51(%}:5 R‘lo?qe‘%h flm@%? can Ee Berscglggd gg éarﬁ':the %{Ogigerc%a&lf%m of the
receiloed ﬂgml af&dthe\zmtaﬂldra)uilsaﬂmfr emdghtas rsntazctmhpramde R imaging.

resulting MR signals fromthe sanples can be resol ved

by taking the Fourier transformof the 25 received

si §idl refefdnes to Fe. Haxdiet @adion cpidsl ge ahaged mdggly agradgnt in the same

ndard practi Wth ref C

dlrec?:\on as {hg st {J chlga%e{; cdfieel% tW’Yl?}(})lllf g grra%da rt}éenléla ef {36% ?T wgll known in the
art cg rraagnemtt rdsonahdee insane, gchdreﬁtboitsncaasbet heargtditto @ram@nmhgxmnc field

gradllgﬂtg V&]oq\éﬂr glﬁlg of g-}%?{' 34 réad( () tkg?%esegﬁ%%g]ﬁ% f 'gxfé r%riét‘g’rr(\)/\g%]cién zone can
be slgﬁ@ldﬁ esilvedoFip s1bcilostlaees aii Blab(gkdertt mhpueahe e gradjeetoits 71 and 73 are
d 30 . . X, . Y.or Z .
provige Wi R FHOPSRE Pl Guioaiareothol e aPPRYEERT e K ool 1
comﬁrﬁ&ﬂhﬁ@ﬂ;epal%e pmbnsaﬂshylibmdllﬁems thosg. skﬂlbdb il the laﬁtwiﬁtaepreciate by
appl}gp%a r%grgyn%gl& ggdie \.e ?)18% tthe Y\‘%ﬁ% g}e%?)%ve(}:/%ée o7tf11rough the 1nterrogat10n
zone] gtk bf the simpled caoleeintetrngatdali sspagartlp di simnltanetusty iREhecsamb whpas in the

embodiment described with reference to Fig. 1a.
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conprises three separate portions 15a, 15b and 15c. As
those skilled in the art wll appreciate, by applying
w@20magmeB8e c fiel d gradient along the | ength of P€TES2004/013218
conveyor belt 7 through the interrogation 35 zone,
each of the sanples can be interrogated separately or
Si M tHeandodislents desciitied vathrefewaye taFigsnlatdnd 1benfladiityefitamples were
scribed.with reference.to Fjq. .15 WO .
toca5g 3o 76 st BRSO A O 551 B et e tiE g raifpancousty. In these
embodisetits,xtte wadhhofr thse rsamngles tvill Eipgsenct a sigidlyl differant magnetic field and
plurality of .sa S r | gcated wi.thin the
wil B sk P SR o Bl L R P RieBn 8 g bsgp for cach of
the eansigg rpobitiamseiauster. tol iry teslece endro druvedbg, inlsdnogensdtas hin the static
of . t e.s es.W || experience a slightly different
i tﬁngﬁﬁ%dﬁﬁgﬁgcgﬁd will be in a different position
relative to the RF coil, separate calibration data can
be used.for each o e sensi osi ti.ons .i.n.order .
to 1B W5 wiifceneals, Bp KBl E80a5h £ ARt SR F B fifeotion atone
the diteetiat @tmhaemem@h eiciconvey@l tdlt Gr Tiha RiFheil lRbn Bolotated at abhphengle relative
a e enhodi nent s e coil] .generated a. etic
to AR oA i Pist el Rt 1 HERERE PaeBiiRPfiftdetnous over te
samypie \befmgnestaf aichproeidad éya@mpisdst a ComgdnentRivhiclviid oglaugohe to the static
masp e RE 13 F B Ptet ) B uiRe” PrbGuReR st T8 Sorefte R cots
15d,risk ahd V&l aye hovidgbnaiasthe venveydrédel dnck obehitl it @stabld tagdnerate an
Ac BROYERG0 1 g TRELRES T FRTRARG Y £ \ah 10 ROPAR o be tesea
simudiamgnapriadlscdlowy thel systah tainesrogate rbadplmantachvhial érde hines, once by

separate RF coils 15d, 15e and 15f are provi ded under
emmfﬁ@ﬁﬂ§%%%§or belt 7, each of which is operable to

generate an AC nmagnetic field in the Y-direction.
Thi ows_t

di t..all h | in t ials to. .
T RICE R T, VR a0 T AT —
fieldt QAd riose rskijad en tthe asamjll eppracieac blevirabaghdls, e@mtehimearying coils or
sope BT W R e PR ATFarE DRl PR REHoy ot gy o necessary
DC triagnesit effeldc Auditinedlycin the ebake ehtotiineas, thkiDd edgnatictfiell was applied
sorof e oty SEBAER B Sosifiobth 15 gt ab o Gob el atfle we v
magpdtiadeldodan bb eppbied thesugh thersagpletin i1y djectehaF@ ckdigple, the north and south

DC ti.c.field . Additi [ly, ..n.t o

Pole e "R dT e B oS HLBEY i Frarst ol eqt bene fo
exar@le, s thetshee ordamtediyo s inehd firstrentodiméntl iFige ¢d storvs yASanbthers@nbodiment
: kjll i.n t. t wild [ . th ti :
n w?nich 2 &(e)lgléql%g B%PgSD% {\x{ogl\éﬂ ?181}%‘%%5{% hg%hg g%\iegoril%%lt gﬁlgge%erlatcmg the static
magtiticefeld dong the tengikafteasontdyer budtr 1, H.eadndhe BudirbetiopOnehig fembodiment,
the i R e o By T Bt ERagrertile A SR LR rovided a

the opposia kit bbihe agveyorhe first enbodiment. Fig. 1d shows
yet another enbodinment in which a solenoid coil 75 is
wound al ong a length of the conveyor belt 7 for
gerred. akishgwd fHechsinatid glan M@@NEta groficabitl ligd @ity ah NMR ehgichweighing

static?r{,“ gé eﬁﬁaggrg ﬁ%cﬁ.{:c’kbxsliaggg’:\,ggt&o%{ }()Iogl}gctzlpcges é}_n glé/-irfeggéécg'nh dhg comprising a
convgyebefor bther tasposymachanisar) thearhsdkpadighiey detiodciD comtahing The magnet,
RF aé%ngar gﬁ/ i(rj1ep(ajlrt %E:ﬁnilgght%e ?&gr?osgla‘}loen zsolne(:j ?O?Sfa rtejre]& sgc%rc])}l/ ‘M? [eac?ihg to a reject
buffer 105, and an out-feed section 106. The check weighing station may contain an operator panel

107.
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Fig. 1 e shows a schematic plan view of a production
line with an NVMR check weighing station. Generally,
wo b@4abmek wei ghi ng station 100 i ncl udes an i nPE¢FER2004/013218

section 101 conprising a conveyor belt or other
transport nechanism the check wei ghing section 102
COMhétt Biedghet B IFRGNRE whickiwil Bll@NA theasifbrment ¢¥akd mass of the sample to
defining the interrogation zone 103, a reject section

be obiggned eading to a reject 35 buffer 105, and an out-f eed
section 106. The check wei ghing station may contain an
oper at or nel. 107. 16 WO 2004/104989
PCT/ US2004735C89m &f ferjops partigesn p AR g5ty ige faterons

which will allow a neasurenment of the nass of the

sanple to be ai ned. Detection, of ferrous partjcles
in EQ% SYRIGR %éﬁ\%ﬁﬁﬁgﬁq‘éﬁs é%agergmieﬁh%méi?ﬁ 3}?1‘38%4“% 0 amnets on a
contih @t Nbagid £ SudhOadl @Y etheriuze df NEredTEBEGuCHin DeeayC QAIDINtE Bibasurement is

containers on a continuqus basjis, such by the us
oG BB Uy L E0Ek FeTiblial e qigrs Farter, te
systeR0l deShfluatddns aaflohwNEabduatRitingt cakiréifnent A aBidvemedtdin the system,

to enabl e 100% prot ocollin Further, the _system.s
howiBt oG PO By TP BB b (S G BT S PArovies might come
looséfRdth IcOMABE platfdntli SRcy abhagLeitbis! Mhe pysitiednre Lhiribd WL R Icontainers,

s its sensitivity for neti zable (such a errous
and iy EpeSl oo St SRR 6 CEUHESS BBUD (F Dfer. The NMR

meastfnd RisReNis Rlspinkioe tsthebel defoditsayradichéh fftheetdnal anfdltude at the moment

of prg‘gl%% I§}§e|t s?%ﬁ ,trggléecr:%{nrg :qgfg@?/%lyg&%r ci]?a[r%%?éaﬁng%sz ’§nc} nx%fc]:rét grarlcl)rlegus results,
Ther€ Q) lcRdrdiflf Snd Bt Gleaduieneny ShAlable The dMinine® &%Ulelh¢lthnd rate of this
11s,ystemis responsi ve to these deposits by reduction of
pollifR si gnal anplitude at the noment of probing the
signal, generating effectively | ower mass readi ngs,

and therefore erroneous results. 15 There js rr I )

nogo“i“i?tg%‘{s 1SRRI AR AT AT %PSP%“?% e ‘gg{ag‘r‘t‘rﬁ’iﬂrﬁ’ggﬁ“ﬁtlﬁ@k theasuring
systehiP¥R] todRdladcainBlafidn bihfeSousRRtticleb] @he ofboBitRRdintlSdes a method for the
pr.ovi ded to deter endent|ly the degradatiaon o

deten%ﬁwgrf@a%maﬁﬁws 2@%462%‘3 & b CoTNIR SN der gy fesing and
with§u EfsRipEin PRE lobdBet ofthepeafeash BNt i ncl udes a net hod
for the 20 determ nation of ferrous particles inside
packages or containers wthout destructive testing and
}Ni Fhedis palitisles Blsiuptht lh@mcﬁgéﬁe&ﬁﬁﬂta 1ﬁl{]gn£tﬁefieﬂ)d. oﬂhbcdohw?ence is that the
[ ne, Ferrous partjcles disrupt the hanbgeneity .o .
FID (g Lidption; 14eg) ofrbe BUHSANIBHEESIEmEHdr Serer iy pefigde in the
perfociig Ueib@nedB Gas) B abhoinpul seafibVRniERs Rt (nasurement) it is
%%Feper than it would be in.the 25 ﬁe fectH% o
possifisnB Geisrre heale” ISRy aSioMpriing Ge SPBETIcEaYshiththe city” decay shows
that ¥ BFd pRRiles(aFRRSIMARNE Me)voluinel the RRSShEmGchiGhélgifferefded ¢ decay are.
“true'  decay. Conpari e qriginal decay w

t he . ng. t th
Aftey, gplibrafion, with daewiy sappliss this IH%POC{] #78 hyoPed [oaneasiedle eppient of ferrous
partiélg¢! uded in the volune, the nore prom nent the

differences in decay are. After calibration with

known sanples, this nmethod can be used to neasure the

COMh& imeQheth®l daf UBo bd@plibdElo&Btermine the quality of the conveyor system. It is

possible that over time, metal (ferrous) particles adhere to the belt. Above a certain level, the decay

C

is too fast and actually disturbs the quality of the weight measurement. Using the spin-echo
sequence regularly allows the system to perform a self-check, and to issue an alarm when cleaning

of the system is required.
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30 The sanme nethod can al so be applied to determ ne

the quality of the conveyor system It is possible
wo ba/10496 tine, nmetal (ferrous) particles adhreBUSH04/013218

the belt. Above a certain |level, the decay is too

fast and actually disturbs the quality of the weight

WS purfommeink cotdiinag ttdreovepiofl peiods ws Gaué ttaethe eghdaat deyiation based

|1 t he.systemt erforma self-check, . and to .

on it 58 "5 SRR PEL AP B her NS, F By of the weight
meafigemintsedegraiéd. WD (63 4thdda 4B BT tdsdS2 0%/ £4 3284 iVBpdctfic positions

f ' i t er | i od f
ockien ke WpsiRe i Hdt ST knp Bk B HR G RGRL VG g Placed, we
foundRastiEleitartesvesa theGpa@iid@sitibmant shpminl angplitigle. tAedigocasedibyt some of

of the weight mneasurenents degraded. .During.these . .
the gl Rombtict e SRy GO (BN AT UnE Sfecific spin-ccho
expddighis) wncould qpaclkéd it thivethok ebdetanginhti &Cdf nadgnétiield homogeneity was

j £ ] j i where th d vial
corREt b astB 4 dEiG FoRBFREFER on_betvieen the Speci fi c

position and signal anplitude. W discovered that sone
o DS BRSSP RSPERLE BB SBRGY B SEa W hycrosen
respEXABT dniiRing 3 ,deds®ing Glghsl of tHeghniel@eduendy dshheSexbRitiondighdl. This is called

e 55 FATUPR =08 " THT e bF shil BREmaeuliny B g g e el

maghélic\MveienBgedOrediphed alnonitittié Sienisttiappl fi@d ahoth@ fact that the precessing
neti zed_.sanpl e, the nuclei B of _hydrogen respond by
magﬁ%&ﬁqnﬁeﬁtsé’ f %@Wﬁ‘ﬂl@ inﬂﬁglgeto(’fut ?{P@a%ea me frequency as

the excitation signal. This is called the Free

TR MU I TR T

of tieostRibharg @lagndtie eld) NBghedgBi the Wriohs pditclesinent®hal sbonay a cause for

. field, and the fact that the precessing .. nefic .
his et e iy e ot L1998 PHOE P ERu LB [phg n bothclean
and d¢éntahiifatide phRS g nof pdséile ARG & hieasufdnBnfeadih$ efthaltvesduk $o settling

. largely caused t he. hgnogenei t of the stationar .
i e O OB OB PP 1o 1 P ABY e B Epaavads result in o
small@ Rinp s sabMperedtothdorimias @ lebdysitudtiohs. Al t hough

i mredi ately after the excitation pul se the signal

anplitude is the sane in both clean and contam nation

casis FID ts de®ribd BosSduble ®f faotofhedf whitheias hsaspendity of &@intdn magnet

ﬁelcg%nﬂtégea%qi%%g? Eﬁ?ﬁl'}lcgticﬁ)g@itértp lé‘}i_len 2%fot§t§?ée e%&? g}%&i}l}tﬁéesof%ﬁed'echo' in the
spintedRy &beifend kalassSto fiRStdhe FiDNreRted 6Tk TS CamphridgiBkeecds amplitude with

the (G HLH U CERHD B B CORenst bt mpRgmaEnet hld. This
hombBgereige e ldryelpideteNierat®ai 4y FRGBE partitleelcbs@ng thd @roduct. Therefore this

<bi N spi . ’ .
o ST DobE S 0, Iz 15 PESL O B [0k i
comPAREH icHe Béntdilady @Bssitle hiathembtiodlteclmlidder Wit hpleOratidteor integrating
T2. Conparing the echo anplitude with the original FID
Step?)r ovi des informati on about the honbgeneity of the main
magnet field. This honobgeneity is largely
deteriorated by ferrous particles close tq the .
or EMEL obelogofters (PR S YR ERED R et O Pessof Pulses, it i
possily/@detehie %ifférﬁs@a@ WO tHe REbsRINEYL A d@ fcolisedefdh. One such sequence is
partijcl es. i S . . :
known under the name Hahn’s sequence or Spin-Echo sequence. The essence is that some time
after the 90° pulse (spin) another pulse is applied, that of the 180° degree pulse (echo). The
consequence of the latter pulse is that the actual amplitude of the decaying signal, without the

influence of the magnetic inhomogeneities is probed. Since this signal is essentially weaker than the
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compari son can contain any possible mathematica
techni que using sinple ratios or integrating 30
wWG@et@pao498n MRl technology, it is known that wWhRET/US2004/013218
appl yi ng speci al sequences of pulses, it is possible
to determ ne specific aspects of the substances under
FIDcioersureleerds talien eher mudb dseguiscerobing résponsn camebe ibetlded directly to

na hn' u Spi n- Ec u
meaéxgggr}egr%ss.s %raﬁo FAGE Aween, tL?T%lg%sgregnF{llt di;re%eiﬁ' §% ﬁﬁlﬁ@ eanti glbe rmdmg from
the eho ﬁsrmaqsmh séthe Snagquﬂcl igtbmopérity,ahd theefd86 ntegireef theltd@mination
seqye of.. th atter .pul se is.that
of t1§eh ans oirt {t] W1 eagéheg,ftﬁ&s aetlo d Sl giq r‘c]}banvalg‘ina err(wlst) ﬁ%rg?mmated belt.
Usinghmntinuaf sampb@ oJffthis halonagmtemﬂdomtmmb@mmgtechmqucs, the status of the

robed.  Si t.hi ignal is essentially weaker than
be“?ﬁwcg’gg‘%?uw%%be&ai%’E@s9 PCT/ US2004/ 013218 FI D
nmeasurenents taken earlier in the decay, this probing
r esﬁ?s ?c%mqbe %soc{em% tli%l?e% I%eg)hlcgl ﬁtlg gi \}Vgee}%lpylélgir q%rggrsq%anﬁty than
SZ/EZI JDs simdmtulnélergee@ﬁloﬁ Fg“lgf B.camplitude iseshhen hisa mnﬂeﬁsuh@aﬁfpulsh @10, at the

measur ?Ht%néelt ﬂgg 0 sa1n d Hglh & @2 er\eNtFE aI%anC il é%\all] ltlgl is S1, the

“cortiahltlated”mglalr 16114|1$)SZ sandh thg helto digvanl Miig B. &n (e éemﬁm&at)on system used to
make C?I!iﬁnrr}nﬂahcﬁagurgrger{ts tlﬁe v1a Coarstvlarr} ucf) ﬁe%w g@ ab% 5 % V&aﬁ éoer minute.

use rI'te
Thesmfﬁtod 8s gpich,tHogrevdogb hoti vslocmjndelpemients I”_[ye eg&;&ﬁs&aﬁdbe a@apmlshch that when

the %E %allg %&%VX /a%l'rjedejcenm?lar 6% 1?et (%Ig ztél%d %ﬂlalfeﬂll G aé gé}c ing ,&1%‘% t]he elt needs to

bedam¢me graph of Fig. 3, anplltude is shown at a tine

after the 90 pulse 110, at the 10 neasurenent tine

111, and at the echo signal time 112, where the clean

si dhads lkkPofore WSdn uhhewhao mt;eaﬂﬁmmreebho SNMRatbchilﬂqde it d&&mine field

and th cho .Si gnal 1 enDn
o30S o SEA%E! A e oot Pt pePeleRcun R mneeY B iy gf an 2R
cha&peeﬂmmﬁhmwMM|ed bet ween 200 and 570 vials per m nut e.

The nmet hod as such, however, is not velocity

dependent. The system can be adapted such that when

t hérhe asaline) nﬁedioldscaheieoappheqafoedleiremamim @ekeatioh e, felaasusa;iaatcms in other

i ssued zd i cati %Pth t the, belt
it

S”b%anc%sl eaﬁéncf)re FEe §asﬁ’e1i“‘ét Gio&s g8 é‘hChJWr%’ ‘r?“ily d%%ue{l?? tge magnet
fields puinw@ihintrdidviee bﬂ”eﬁnmrqthe detectide ol theifie. flhilmlight be detected by applying
to determ ne t amunt . of rrous

pusSERAERGute o St AT hE SR R Yoo Tham check

wei ghing function. 20 The sane nethod can be appl i ed

for quantit?;lye g?%ﬁ% %g % éc s ar%l es in

ot her subst3NCES™ A% ? FaFKIVE E@ 4

particles as such may not directly |nfluence the '

gnet mqw#ﬁ roduce ts.o

de 3 % ts}'%eﬁn 8’ er{a MI((B tesc 1?ﬁ¥tls ? g I1%%/1‘nass of the contents
of capyqiheys nrga cqnﬂhemssbeq's;ema&l mtﬂaﬁfpoﬁé‘tﬂiﬁtosaJmBgI_Etlh fieldhabe magnetized.
A cgg %[}Ilg‘i%\};ﬁelﬁ seéifnto %b%eeg?f%éﬁlgggé 1(@%(1%5/'0?%5}%&5 g{r%qenstt'hg lfln%%é?ial. The same coil
receives the subsequent decay signal, called Free Induction Decay (FID). In one embodiment, the
system includes a permanent magnet creating a magnetic field of roughly 0.17 T in the center of the
volume. Between the poles of the magnet, the coil structure is fitted. This coil acts as a sender and
receiver of electromagnetic radiation. The coil structure design may be specially adapted to

minimize airflow disturbance.
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In a system where NVR (or MRI) technology is used to
determ ne the mass of the contents of containers on a
w@omiilmMesus basis, material is transported i ntPCHUS2004/013218
magnetic field to be magneti zed. 30 A coil structure
is used to emt electromagnetic radiation that excites
t heHmNMR inmasureﬁmt savedsidive eclehseasethbre taulesie dase Bltough to enable
e al | dFreeInd ct i-on y
100‘9 Q ngllhg lgxﬁue{ h@e sgs SO nch c nﬂ eené:ga:l % ezru%rtg AR Q Pf the surrounding
envmmagrreet I@crvmen, e ta etca@mm dreft éffeetsdtemberamg«tahytldhs 4ird FEhérreffects, it is
t.h Bet gl.es of .the
conéelvabl%%tt ?‘ﬁ S%Baglafn%hjtu}.[lg %:n[ n?lréft agwel tef é\h \%FE %CI‘]IOdIC vtenﬁcatlon with
astméardlssemjm and receiver of electromagnetic
radi ation. The coil structure design may be specially
adapted to 35 mnimze airflow disturbance. 19 WO
20MAry4988orRCIH ISR 08AoQIkBRDS andl dréft bﬂ\ﬂ% mm r Bamgetaturs, of both or
st ru hd neasur I taki st &hou
e1th?r &qﬁ éa&é%e 81(1:18 | ff]ig%%nl?_e ca%lsre r{a %r an%/tsourcesqgat may cause
drlfinmttha mﬁdlmrgrmdbb)ﬁ @itk dforemeahsatyhie rsgmarlyl,mdfm@ the complete system is
|ro ue to ectr [ r % fects
still§ tvxée p at Js 0 sto\llagl? thonnaé’lq g%raa oﬁ elrl seé «g’c %n(%rol amp%) causes disruption,
but glem asevemabdn@lncuad anheﬂﬁlvg’[mkl systiatpl ib tinsdle arra;ola;lon Sfet—ulas Further, such a
prac\ﬁ@e ltsmo i dlg{c%\sf%nnvegaé%e %ﬂ Te u%éé & Iec: in ;iét 8#1 gs‘\tgtgsglgaq dlwetehr ge
to detuning and drift of the syst em Tenper ature, of
bot e n. e el ect.ron
cou e%%)pﬁhngq\iigﬂl} Stcgchn esrfgp arelgfn s&s{ances ) regtﬁl sttan%lgrdlzatlon step is
nece:ssmse) cotitpefisatei for tbvey soasugs bf drft. shgimiht&nall ltleassremhmrretﬁ@dlﬁes this is
ul ar | i.f.the ste
done Syrf Lﬁar;i}ylfrf:sentl gQCn une gﬁ% &goelghm% acagef %gén L %’ zﬁzﬁorg}ngly.
“gol den sanpl e' (cont rol sarrpl e) causes disruption,
bUtCe%lalsnoenllbodlv &h% ocf‘%ﬂé[’ ﬁlaé éﬁ'h {édttcr)] %vcy@m%%hm tu‘Farms%a%daurdization
(Gé an 150l ator su I Ce
step1 $)ynﬁ)11tlag ci £4- caﬂlﬁﬂt gblden/ ahmpﬂa’t msﬁlﬂ dhc enpasuremem odylsﬁemt iahdeast semi-
Q[ statistical a&? Htp Xllf’]g NIVR
pen?ane%ﬁ’l qu‘erga eoVr"u.K\}\l/leslw |Sr?g eseﬂerfaﬁg g5 reegul ar
st andaoate zizt sampleﬂlei‘pthla‘sthe tspamee BS8 arf;equach bapledifat® from the one
f n ur,ces n trad measur enent
ﬁo%@ggﬁgu%{ezl% esS By ISt'ér% %?Sl%reené%% hiﬁie prﬁalecéenti ng known
wei ltheost thet dampl&esu@hﬂlmtgﬁhs davhe js raumdl fasthr istni fogthe product. In that way
acc rdln di ments of the nethod are
the 4pPg Al ?Ixenés%ﬁld}o{be ‘ﬁq&g dregul ar standardi zati on
st e?p Chbgseftlnet daivply t@ bebave akdotlgl as gml peducts arrplhce,se thagirelidct itself. The
adva%ag ¢ gEt it 85)5&%@%@3%\%%3%@6%5 SEIp Erenls‘:’egzgro]glﬁ éhe on H%eqiaé] ﬁ%ltdlg)ia‘roduct.
1 Choose the sanple such that the response isin a
enc d different f

br OO R ek e of SRR eBRE e Bshy Ssspmplee reference

signplroanl bedbtaized vilrooeendeial. Thequinatag ybilityaiplelten tle@ryof ite followmg.

much faster t.han f.or th roduct. In at wa t he
oot SROTE s ame gy S He pofist A% n8 ' B measured. The
onehenseis thaena arlp laecftiendveha veoteuacitHyyde@anibing afRID cithtjyst eipty vials,

c
but %go ﬁ?%t% 1ts gfe)]ssg)ges gg%i}%’tﬁ%?ealﬁgfg cTtgaﬁ]beirs %gtaa%e%%@y \&ﬁ%%ugtthés rg}(erence itis
not pesibleth detdrminadillp fradare blose td\ben, duntegiietfbgs.a specific

f:;?é:Ag glfé)leco%réa(t:haa? E:onss%ltup haty théMtnt‘ng tcg Qree-nga%netlzgslss s?hortI (Xl’lortal“l). This
allows for obtaining many reference signals in a short period of time without saturation effects.
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si gnal can be obtai ned whenever needed. The constant

stability sanple can be one of the followng. 30 1. A
wearmlie9sd a simlar constitution as the produkCT/URZN4/013218

needs to be neasured. The consequence is that not

only a reference can be obtained by determning a FID

W B A jshifiple eNukcly a oralitition thuf thaliGay tipadl id tery &stpﬁsﬁisbl/a@ the normal

to actuall sure contai ner.s hat !
A e R A e
prodiidi&tdoas.e cl ose to zero, due to noi se effects. 2. A

sanpl e of such a constitution that the tine to

pre-magnetize is short (short Ti). This 35 allows for

obtras pérngndmawnﬁeeéaeme BE pot&itighédifs innheaNSROMmbtasped gdtenf is a major

oIS 00 LS HOS R SUT 6B PSR FRAET PPPTGR: vaidtion
procetsbk&t Ftul‘ill&:r dEﬁé\Mtaﬁ:B @feabplicatmtﬁd’fyhef MR mdasurinigisgstaayn isbietors, useful in
hioh e TEASU ements are undi sturbed, because the
18 ?MIS%S @cay is over when the nmeasurement of the

product |s done 5 The pernanent conpensati on of

ent fts
B 5 B i B Se SEAES ToRANES (oSl pafy ana one

emb@hdleraddbtihonshtonaprsavpldasthesprart for validati on

processes. Further, it facilitates the application of

the NMR neasuring systemin isolators, useful in high

PUFigie 4y sHoes. scl}nﬁnd?icgﬁ" thel @lectdital azﬂdngﬂfCu@ﬁtGlZ@chf%f[ﬁttﬂaﬁsmWrecewe

di ans of transm t
Prob T AR THOGPT VA B LPRETBRT o HBrE 1 FORfa 4 Farving magneic
f1eldS$/ sitegted A QMCEOrﬂﬁerﬁd'iﬁibﬁlaﬂt(ﬁmblmi negmefic fikid aed eCﬂkldﬁﬁd:tlon of the
e e g b TS Tr e 5 P RS
131 Byotieied] The ﬂﬁh&ﬁﬁﬂeﬁlwabﬂ IlBl(gmﬁj‘;igdﬁﬁprise RFIondhicedr d32 and optionally a

Faraffy et [0 ¥ 11 R TCERE ET Besn 0 TIHE K EREp g embodiment
fa lﬁ?@haﬂﬂhsmnsﬁntgweezeébd szlrnov\s that inside the

transmt/receive coil 130, a stationary sanple 131 is

positioned. The transmit/receive coil 130 may conprise

RF conduct dbetdzhiggitle pEdnod@ rthetcuay inFElr ghayouege 133 at

| east partially enclosed within cladding 134. Figure

4c shows one enbodi nent of a |ayout of the

t r @ns ot thé pededtée steps ih TLAGt @0rPetenttoniidide ﬁﬂjl&:tlpﬂi efesaal amount

of mercury. in TL |i rces One .of the n .
of Mgtee Rty o fimo sfbtiod 35 S e Che A Srat Rl A 100 Bftc basis,the
actufd fpredere8Bf ihlS&HﬁMnH\IMthechﬁd’lﬁgyr iy h1ngrsbﬁﬂitNeyo teaf&encs olﬁﬁhetals in the

meatigiegt VLR (055 HOAD BT LIBNLESBFS s S R el prsen

can He@GSE3laQEnd 18 vBiifg heyprasemsiof thiemétsl, érhey pthesaasie of
-metals in the neasurenent volunme (or interrogation
zone), and therefore the distortion of any NMR signal

pr gse TNMRC@{ﬂlpﬁﬁnﬂJ SREIAES a GeiRaast In@gﬂée hb¥idg tahBorB-rs'ﬁS ahu: eallows a

of this net ther netal, The qu
wanspyA GETE B RORGh e Uy (A PBE Ly PHgfogstion zone
Inmd@HheQWégn@t a%@ecﬁﬂi@l‘&ﬁ&ﬁcﬁﬁdsl DRAdIcERRGent P elet finagh@ileiiter/receiver that

t hat asur ed ass through an jnterrogation
both 236%@_5 the prgguct material andeecmsves the res%onse The probe c%nstructlon is such that

there is maximum allowance for transportation means to carry the products through the system. It is
important to discriminate between products that do give rise to NMR signals and those that do not,
such as glass, polyvinyl chloride (PVC), and polytertrafluoroethylene (PTFE).
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Inside the magnet, a specific probe acts as a

radi o-frequency el ectromagnetic emtter/receiver that
whoioh/1et089 t es t he product nmaterial and recei veBCT/H82004/013218

response. The probe construction is such that there

I's maxi mum al | owance for transportation nmeans to carry

t hencpsragidad $m§ aﬁwgﬁbnt hiee Systementl grobeSwilll B¥RRLIppaL wItlﬁ) a statlonary
di s¢rim na roducts that do give riset

sample @fﬁplgcea "itﬂ??% \éqefe Taig3 2 §igpl le sigheln PSS of? a very mlmmal
amo@| of \thd¥ [ paktfele@ irlsthe PMEsureaogt wAlnd #11 sAkd NGERES fughadigon of the
PTFE) 004/ 104989 PCT/ 2004/ 01 218 Accor di ng .
NMR sigpg; @pﬁﬂﬂﬁdrﬁ%ﬂ?‘)u‘f{ Hisiu reeagir d il sepyg to det ine the
actuf] GHHoRREM mékcduFy pResstat 1o Payct gmg %r&ighdhdlh@ﬁ@gdﬁf)n zone.
material that generates a stable NWR signal. The
presence of a very miniml anount of netal particles

| Ngh g dlDANRACHE BB involves BipWinlehta GRS statis @R Enple inside of the

degradation of th nal _anplifude. The anou
magp AP RRGH CpHR<SdR e ?@2@&8@’& b by STahqeiygeng Gy nchude ransport
meakkOdd@pted REenlohiag the lightso@tesaiddut 6f théBiel y present in

t he product passing through the interrogation zone. In

one enbodi nent the nethod involves inplenentation of a

st m&rh%fré/duﬁtad'mﬂaﬁnﬂgﬂ@ﬂﬂge@mtbﬁkﬁs bfmgﬂ td aﬂiagma fidRl, the associated

di scussed in _further detaj o)V} Furt
MagRIHG AT GaiEnGd e |th?&étemaLW§%P% felguiagis rﬁa algﬁng&mf ig prot perfect; the

vectoi Mty fRecebs Hhlind SIRUALEEnes.N Taasreassho@frequla@cﬁyﬁmamm JﬁQ:quency, is

: en a product cont i ng hydroge otons is_brou

linegr tPéOPaﬂfPa@ﬁgfl}e&XW@f o isathand & erBlare 1y dYren a0p i & second

maghBE Bpapddhluooatt éxerhd) GeRig! @@%qﬂ%ﬁ@ﬂ@lﬁlhlcto fﬂheemlmor frequency,
lines. The allgpnent L%_not erf ect

the pregegsien yaﬁ ocimereass ugtilntie ¢ pfatiqn Jémﬂzrgepql}ggar oy e orlgmal external field.

WheHRCEOSSIA Pulkd BAWBIRY offt thE mb@efl® mofeME BRE Yo the Sriginal 51tuat10n while
Ilnearly pﬁ@gortlonal to the external fleld stren

t h
emithpgia Figndl el Famon Safientih e MR fisryinm §enpl Set Bndrtaeied with the same

anteRGREEd sigral Eisd)e&ﬁélﬂ&éﬂjér‘}glﬂ{aﬂz , ju@ Rt e dlecttdr® Ercuit by known
wWth a frquency equal to the Larnor, frequen

meapsy o MECE| % A0SR S Waged RemaRedy Rt b e B T i 3}6 a constant

dete@RNRE BRI dréedyasrgnalg Aﬂﬁad@lﬁﬂoﬁhlﬁﬁétalQ?ﬁ&l@ﬂﬁ@butfﬂoeiuﬂlted t%@?cury) alone or
the transmt pulse_is swtched

€ na
in a PRgFH (1P dei iR Vil higaipiagieratse of Ehaawlemdw% thedecay signal, as NMR

is hi€Ry tsbrsitBre do HeORRlendM dfindthle RALHRarf é)@)gllﬂlﬁéiﬁé/ w1tf[|i*rh§a1 partlcles in oil
can be detected with t

ecayi si gnal
sanpes #lﬂge(gtih@fﬂw%seééefﬁwmrperé@s gt maﬁld%ﬂ W 0‘%1 TG%LtC“E}yOf the sigaal.
swtching the electronic circuit by known 20 neans.
When a_substance is placed permanently inside the
ant ennRCtePRBMG R PTEIOOT ESHLPHNLSS HSMBBLFSRCGHE batie
decay signals. Any additional netal (including but not
limted to mercu al gne or . in a product [nsjde t
ant!®f reethog if Ppnhéaﬁe fop ofpeyy @W@%ewl@re PRal e o ‘ard%et%fed in a non-
destiub@ved 8RN BLIING withdSg isidS highly sensitive to the
i nfluence of nmetals. Prelimnary experinments with
metal particles in oil sanples showed that in some
Cag@sre afe 4 @m HinGbeR OF prRudd of®high tHeQfalitp dSHE¥eld &dﬂﬁttd)tﬁ’lnabsence of
of the _signa 25 Determ ning contam nation of al
metalig pariagl %%MRals megklowetivrcleit p%%?%oﬁ%@a%tpﬁ%ﬁleﬁ §1 its measuring

voluRRPdnld ¢abiherefoRd belpPidd 16 tHelt AbQARE. BHNaS oBladipf VAEEH litkftation, it can
be detected in a non- destructive, non-contact way

be ewlpheqqﬁo@qlpteﬁp%qupeéq{ particles in medicines.

Although the amplitude of the Free Induction Decay (FID) signal is linearly proportional to

the amount of product, the shape of the FID is also dependent on some external conditions. Local
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30 There are a vast nunber of products of which the
gual ity depends on the total absence of netallic
w@arotitedoes. NVR is highly sensitive to the preBents2004/013218
metallic particles in its nmeasuring volunme, and can
therefore be applied to their detection. By way of
mag@xaﬁpﬂdanmogeﬁtylnh@ Jaaeteit@mm {o dedline rhﬁcheﬁﬁéﬂy%ﬁoﬁﬁlbamcles cause

focalg ng?tﬁ%r%nw dire T e B2 B ind g e %@-Z?ﬂﬁ E‘%B‘}n"% .1Sﬁ§red fo the

size 6f3hdst PRAEIEY sipEOROMEL@BEs rélfted foh@e@droned tvitBfihe AR UESbe antenna.
the shape of the FIDis al so dependent on sone
external conditions. Local 22 WO 2004/104989
PCIE/ 1533?&914{2? %ﬁﬁ}l Sésuﬂfilg@ﬁwoﬁ tﬁicfchlacﬂk the hefegeatsd levéledf freeze-dried
e t t o decl.i ne muc te Ferr.ous
Pmd‘ﬁ’ér ﬁ“& Frﬁ’g‘oé Kot dipgioinat the, Bﬂﬁfﬁéﬁ @ﬁcyn@wawa@b gL it dgfprmine the
contdﬁﬁﬁhtﬁﬂ On tihe m@%oe (birf]@h'% Sége ahecll he. i KMRru ﬁﬁﬁs@rdrrﬁemrs eldé epblied to a
e 0 ose particles, since e
numyed of St Bt defesminge SPREPBRELPIER STRECRRIS B rBBRr e gomles to
deterhidetthd BIDKGANR of eheamduy satipdsal | nspection to check the
contanmi nation | evel of freeze-dried product. This
nmet hod cannot discrimnate the nature of the
c omt&stignaﬁa @gmal 10Qiois€ Bdfio ichn BteihppFdiie By fddasinghe NMR piabé Omthe cake

terl of .the freez rie ke. NMR C.
ol 40 it SPRPE @ BISET BUSEL el (he DR <Giter) veag 4Pl discriminate
betwet@l tBE mﬂ?@dnaémixﬂmmatsﬁﬂbw@dm&t@mrmmmﬁ differetiged®r the order of

o n sa les to dete e the FI.D signal s
Mva"alﬁ% egmentglsypiem ﬁ‘bc{@%%ﬂsﬁ%mgﬁatjr%weﬁ 19§80 §@g?%p}l%‘f° metal
parti€léanB @ lbWV@N&CboBﬁéntf mcsuﬁmay tHaea NMRI pifRhcost J0ewedl 8e due to a

vol une itself and ing a higher magne
diffefepes mvIRORRt gﬁﬁg%gf%ﬁ?e t%‘e d%’éfé’inu Hi H‘c‘i’feéore b‘@f“éﬂe ”E“ﬂ‘éatmg metal
contdhﬂﬂitﬁmoﬂpﬂoﬂﬁht adneb16| 83N ifSaRhBStidyis glege@cinl thginfofdflthe freeze-dried
nal d|fference. on the order of 3%§ Al t hough_t he
calce g ns P LI 3120 0k e PTG, SETRIER FF foaes PBREWRRACT oss
of signal due to netal 15 particles and a low |evel of
content, it _is unlikely that nal difference_of
2096 WSEHSEFIAL G et MR apEﬁrwSelP@H%é%.pﬁ%ﬁ% tERRENGHRT (i bogy-size that

allowd Weranbp&taGiyis bRl fr 1B @fcﬁﬁ&ﬁ that!&6 fnbasuiréd toﬁﬁbﬁ&fdu@@ an interrogation
metal contamn nation oduct sanp é#ggF even

zonec olt G FEAPIBRE 2 ﬁPféPéfé?nPro At e RS @ redio-frequency

electfoiR 8 BnliRd/receAKEthatdisotlh BRItELHY |p§ddil§lt Shigialand @é’ceﬁv&ﬁthe response.
cont am nat ed sanpl es were | ower than e ected

The qug% g@g@gztlg]& bevsgch f}ﬁgt F\TW Qﬁ)ﬁglpglt WRBGE| %agxs%)rtatlon mechamsms to

carryPb AR RO Rou SRR &Y stih.t I SncRiR RS HBEasuBk@WSEoR will be equipped
transportati on neans for the products that are

with g EEPHAEH I A 80t MrBAigH! BR! SRETBISE BgAPlP ORIR sigpal. Thprosence of a

very ARRIn®ITRAHUAE B meth] SRLGICE Iifsider PBemEMWrem6it voMGhvill REuse a severe
magnet as a radio uency el ect rormgnetl C

degr Q&%@#%QQQ&%%P'¥H%$%Both excites the product
material and receives the response. The probe
construction is such that there is maxinmum al |l owance

f of? FoHIE pEPedinebFupRerHATPrOdicts thataly giver sy 1 MO Sigals, e.g. tissues

and ﬁlhaso w@te & he n§é€§ﬁ>€{f1\serl16h SMEspBITHO SthBTE Bdmpld hﬁdmwaaﬁaﬁém probe.
probe will_ be %g ed with a statjonary sanp

The IHF%%@ QA FEPTS Ol pgEret wHlsguse thg %%B}eéynqmswﬁ dliortion as the
situatl YEWREES KM€ sdplBis at least semi-permanently disposed inside the interrogation zone.

In the application of NMR techniques to determine characteristics of the contents of
containers, such as vials, in a non-stationary manner, prior to the sample being in the measurement

position the sample is moving through the magnetic field and is therefore being pre-magnetised (or
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15

20

very mnimal anmount of netal particles inside the
nmeasurenent volune will cause a severe degradation of
wo b@4MMAssi gnal anplitude. 30 I n anot her enbodP@ENE2004/013218
such as for products that do give rise to NWR signals,
e.g. tissues and fluids, there is no need for
pre-pohisiesd).i an tlefmaswpaait pbdtict &i@ls@mﬁlﬁlﬂiﬂyﬁaei dxsitediewitihen ex01tat10n pulse,
o JERRE P B Y RSBSOSt oo e in o e
perpdidtiar fol themais rhdp@eticSfildl altieqelaxution @roaess ﬁ@&ﬂnﬁnﬁww &ph®ing of the

oin B PO D RIDBHE a8 Hd B TR pEHE! (b IR pena i measured

The teglhtideqafehis tsignaless elhéﬂr]@@r&ﬁbﬁfoaﬂtte rthesith@mt of piokds in the sample, and

therefgh’ SPAT SHFPORATE D BEPBE 1 5 15HL P B Bptgetha sch as for

weighiig. measur enent p05|t|on the sanple is noving through
the magnetic field and is therefore being
pre-magneti sed (or 23 WD 2004/ 104989
PCThe 526434 00 ibalaﬂ:&tlo:p isex mbaaf Wit &) typidd] tinheecoteasty the r‘iIHn(Tspin lattice

s 5By GG AIBLE I 05 CL5LL SO L 20, CHL AL O

This S@gds rﬁu‘chddh\ehantﬁitlﬁg‘l@ptdiuﬁu‘tﬂy ésisneks IT1as @l r@d@stization period. For many

er pendi ¢ ti d. Th .
pharPEleBEAF P ShOTh W o B ArdBbd BiPrte i sPRETl Phgtsed NMR
measifeheniBl B¢ e aRpHigatioh siep ef 3 sedénds doalld bphedesas, and thi s

free induction decay (FID) signal is neasured. 5 The
anplitude of this signal is linearly proportional to
Ih hﬁlbadmlﬁlﬁtt; 0 fwhizh ohommsthbd ist dppliciophe, m@mdt sabipis ethe headirement is
li.brati 1o net hod t be used :
sool e HEs e ke s s Fosgrma figocoHie Cisbgh dde history

(in t&spd] expostid twmelﬁagihemﬁlﬁﬁﬁﬁd)/\fof Bvety tsytieq@@ht sample is identical, for

I T KT RN TTE TR S T ———

the njtaSrdim@nell dutibhOforeRarff)leldn@ietature)] MdSths §@edof SefyaatB@dnt sample
when takin xi mat el times T1l.as a
docs GBS PRPTBRPLRIOYE e AT Haceut | cal

products the Ti is of the order of 1 second. For

TP P gh i T rr o BRSO E G RO g of having typically oy
half ¢feCH %S gitaple [dOmighetyatiar iRz only B oMb faughétBatioet hod i s
applied to fast noving sanples, the neasurenent is
applied to inconpletely magneti sed sanples and this
measurenent is accurate enough if the history (in
terms of exposure to the magnetisation field) of every
subsequent sanple is identical, for exanple: the T1
i nfluencing factors are known (via specific
calibration) and can be incorporated into the
nmeasur enent cal cul ations (for exanple, tenperature),
and the speed of every subsequent sanple 20 does not
vary, or is accurately known and can be conpensated
for. The graph of Fig, 5 shows a nmagnetisation curve
and the consequence of having typically only half of
a Ti available for magnetisation, yielding only 39% of
magneti sation. 24 WD 2004/ 104989 PCT/ US2004/013218
CLAI M5
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W claim 5 1. An inprovenent in a magnetic resonance

nmet hod for determ ning the nass of sanples in a
w@e@daetson | i ne, conprising: applying a firstPORYAIN/E13218

field in a first direction in an interrogation zone

for creating a net magnetisation within a sanple

| ocated within the interrogatiaiMZone; applying an

alternating magnetic field in a second different

direction in the interrogation 10 zone for
We dl@mpor ari |l y changi ng the net magnetisation of the

sanple located within the interrogation zone;

nonitoring energy emtted by the sanple as the net
1. magnetmpwatnon irod mhiretis anplagcermdthindnior daermirtisg the ngknel samples in a

state and generating an output signal having a
pmd%“ﬁlg}rlglg’g?l}j ¢ whi c% is pr oBorti ogal to theg ener gy

emeprlgog a 6t oegpetc ifinlg it hdirsd dirgtion & gnalerrogrdivacorerfosdreating a net
ma Vgtigatg' L%viﬁgln%%%r% 1% %c%‘%eg %vcljthlf rton11 t%ltro laggﬁc’ %ono'ne simlar

gréan‘plioe Of "KRAGWH eSS tand %Ce erm nrng the mass of the

sanapilgng ac hikreaing meageetichield appbeebmi)difife@0t éixeciidmin e ifRbrogation
zoneisfﬁrljtgggéjr%rﬁl?f (f%zgn Enr}ggﬂﬁér?%g nllagiaeutzs%ieorrp;og hl%?séﬁn%dgc%geﬁlfe\{/@% ’%18 interrogation
zoneand measuring the characteristic of the spin output

si gnal. _correspaondj ther et 0; plyin 80

ox i e RE SRSt By e on SR e bty o6 e gyt actoms o
its oegitvd siatechud geheentiag gy ownuitsigeal havidg g elweacidristigwhiahl is proportional to the
enerTBAS rd',ng the characteristic of the echo out put

i gnal” correspondi ng thereto; and 25 conparing the

matdrepmeing del outpet siphad nbdnacerisit witlehikd deta ctainatCfr@n iasleast one similar
sam‘?foft he sniags_é)ntpu_t signal and the characteristic of

Fhe ‘%181%% out put signal. 2. The method of claim1l

c oryennsningjthe arakd ofuleusmyplesanpl i ng t he rel ati onship
Charabc?etr.\é\%r;%n_the characteristic of the spin output signal

qnd the characteristic of the echo out put signal. 30

3. aphgngredfedciction REispn bulsdte el samplenpar i ng t he

o1 G TR THS mhiaFat VR itk oD ez s Do By 4 Riburing e
charsgtegistid of tleerspin cmigsit siglat cdrabponding theretagt i 0 bet ween t he

characteristic.of t in output sjignal and the
cnaBEEt | kel Gt RE- BB RDs B Bl dna “35 4 e
e tdooitbring tied e@hovindpced @ngapy amnitted adrptnanaiing shd msanyihg the characteristic
oftht Q% rat itos. be‘t%eenot(ﬂe tcrh%[ a%teri stic of the spin
B EEIS FFPEE Al TS optiEe PREPa®%r i stic of the echo
outq@ugariag greahathcAatiVWDr2HAhi 882N BE Tchiia@ @it 01 B2 £@n butput signal
I.aiatirs | to 4, conprising issuing

Ih hod of f
ond G ol e s e

2. The method of claim 1 comprising continuously sampling the relationship between the

characteristic of the spin output signal and the characteristic of the echo output signal.
3. The method of claim 1 wherein comparing the relationship of the characteristic of the spin
output signal and the characteristic of the echo output signal comprises calculating the ratio between

the characteristic of the spin output signal and the characteristic of the echo output signal.

4, The method of claim 3, comprising continuously sampling the ratio between the

characteristic of the spin output signal and the characteristic of the echo output signal.
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rel ati onship between the characteristic of the spin
out put signal and the characteristic of the echo
woiopao4989 gnal falls bel ow a predeterm ned val P€T/US2084/013218
An inprovenent in a magnetic resonance nethod for
determ ning the mass of sanples, providing
5. cormerrﬁahddonf fa.m;r of eladmi ilato df 'bcfrtqﬁ'lsing ﬁﬁmmf‘alﬁﬁmnggnal when the

el S Bhen R bR oPRR'H il il bnd B B Gpist€ of the eoho

outpot @i falls lalomepredﬂgmeiedsﬁim.on within the sample
| ocated within the interrogation zone; b) applying an
alternating magnetic field in a second direction in
6. t he\n mipesvemgatinGnmagrtc fr@bnandf()nlteﬁﬁqbtﬁfraie'tdnyunﬁ’fgamginﬁﬁgs of samples,
e sanple |located wthin the
providia bR oL e Ay i F we B SPGB be by
t he) s@phyihgea &t triaglenetﬁelaag rae‘trs;tsiabcttmn 10in hitﬁerogamnl #one for creating a
S S ener at i.ng an
net ipiior it 8 B o TR B Er e R PR s
pr cpr amﬂymgmi altemanmmagreeaf fyid em bdcett dlmmbmh)u thmmbab'gam@n zone for
theot aract |st|
PRt B 04 PoefORERG oSy Py W R Bromeionaene
rra&b;nomtmdmg $negmt e&mm&byrtge ial’@lermﬂ&: mf mﬁgmetlgaorpbfehe sample returns to

its oﬁglgglla% \?Vlrnlfi %Iee%erag%l% 'équ%utglﬁtas%gr%]llgﬂgﬁﬁé%? asra ens ]ﬁzé llsl(m%é]i;%onal to the
energpamuecbamht of t he sanples; 20 at I east per| odi cal | y
det Zrm ni n he co

tc%rle arlgg ¢ ﬁli;tgugngna; cflar%cﬁ%l atﬂtl ggang‘t%t%ﬁ?ds %ni% a% least one

simlht@b‘lpllddﬁf}(nmtmhﬁ amss neasur errents to determ ne the
dri th optionally adjusting sanple
L&etennenﬁrge[hem Ssogfﬂlﬁé%m?d conpensate for the drift.
250Harachneed1tat hod of claim6 wher e| n the response of
nst ant st abhi a equency band .
o FPEPRRHE P ool Bty SRRRL i Bt Ak POURaRLuRR e during
meatulrcenwmfpheesempﬁs The nmet hod of claim®6 wherein the
he cons nt st | it
7 a8t Bpot SRy G ERER R Sl f Yot et Bl Segiorhy seps o
throu@tcmod of claim®6 wherein the const ant st ability
|l e 1s adapte roduethe sane se.as,the. .
S argPEEing $8 SR DY REUPIG et TP ETSHE RO SEHE e dRift in the
systangasd,ant st abi | | ty sanple is a sarrpl e WI th
st andardi z 04989 .
P RS A D R S Ren Bt B ar AR r et

presence of netal in sanples conprising:

7. The method of claim 6 wherein the response of the constant stability sample is in a

frequency band different from the frequency band of the response from the samples.

8. The method of claim 6 wherein the signal decay of the constant stability sample is faster

than the signal decay of the sample.

9. The method of claim 6 wherein the constant stability sample is adapted to produce the same

response as the samples.

10. The method of claim 6 wherein the constant stability sample is a sample with standardized

properties.
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mai ntai ning a constant stability sanple within an

i nterrogation zone during testing of the sanples;
wWappkso4ego a first magnetic field in a first di PEDUSIING/013218

in an interrogation zone for creating a net 5

magneti sation within the constant stability sanple and
11.th e;lxs[&tmﬁ edetefﬁmﬁﬁlfgdheV\p&iéhéb df i tal [h%sﬁﬁilbﬁgadnhﬁﬁmgz one;

a ng.an alternatin net c fie in a se

o PR o Eh bR SR b gt o it e yesting of e

samplkagngi ng the net magnetisation of the constant

st abi e an he | es l.ocated within the

e RPO FR P, el o mer Bir g ‘A agroshiriage iy creating @ et
magnbitsat@nsitlan thesoadnink ktdiliSaambe aadthetshapsampitesd wakinttheinterrogation
zonlet magneti sation of the constant stability sanple

%nd the sanples returns to its original state and

g e r@p@tngn@\ atarnetittepriberstig Aall ihasestgd diredtdh as ties inﬁi’rlogatwn zone for

L T e INEATE T AT N

withiioths tradrtogsticalzohd; t y sanpl e and any of the sanples,

wth the stable o t si cteri tlc f th
corBeiEng Bt Rl 8t e SRt SR AT ARt $ sbrigls ss the net
magaetispli@Sef the conbeimt Isifayﬂl@ii Sintpid hlﬂlthefsalﬁlbles Sdtli'rkbé €0 1tS|oﬁ@ﬁilal state and
ce. of metal. in

B W e o A
nea:ampamg thé eutﬁmgﬁal ﬁlfareﬁtegﬁtw ofths E@Eﬁaﬂt@?abﬂ&ﬁ lsl:inhﬂ)lél Qnd any of the

s Bl SB0 S! Rhelo  ShedF EBhE S ssence o
the @6hpthajta identifyi dmdmﬁrr mhattame gighal amplitSddrintivstingahPpresedle of metal in
theSkno netal content, and determ ning the anmount of
Heral present in any of the sanples. 13. The nmethod of
cIa|n111 or 12 wherein the sanples conprise TL Iight

ce pr cts. 4. A nethqd of de erm

2. o il et et 1 R icad e s Anopt g S A g Lreslting from

the fredesde dTagpd i ahyfolf ﬂie?amﬂleﬁarfdl ob&barddgﬁﬁ&&dt@fﬂ sighal@Raracteristic with like
ragation zone for creating a n sation

cata Bl B BB S Bt et eeor e SRR LS BPE the smount
of meahpeseapiplayy sofghadampleser nat i ng magnetic field in a

second direction in the interrogation zone for

tenporarily changi ng the net nagnetisation of the
13. saripk egthod ofdlgith Midk N2 Whe® tha ¥aible® GidlirBO TE GEY; sow@e products.

nonitoring energy emtted by the sanples as the net

magneti sation of the constant stability sanple and
14. t hes mathpd eXleteghidmg $het;@esbﬁc‘é 0Ofnke@i iA aamla&ﬁoﬁlpaﬁﬂg

gener ating. an OU E d gr%a havi n . characteristic
o a3 BB rield & FH STEraR Gy SLHeEOBMon 4t (oF Ceating anet
magRaisTLh iwigin thesatplep Wcatdd §ithin tlﬁhﬁléﬂ@éaﬁéﬁ fnbC gener at ed

b i d t th dat t d f t
480 B a1 e TN haFeae! AP e etToson zone for

tempofﬁlﬂbt ¢Haygink the adtiniag@netisitimol e sardfiesd 6dated SHMRTHhO thtetiohtloAlzone;
stic indicating the presence

of gpﬁgﬁ%wg %ﬂglgmgn@gcﬁ,gy gr Isalél?levﬁ 8 Al eRRefisation of the constant stability
sam;ﬂ%CﬁdJBﬁOﬁMp@ifB&ﬂlﬂs 16 ts 'ngmmmdité)dm@fgeﬂdrﬁin@l dft oWPERY Sipih] having a
char%:teqsé: LRV n}&}aﬁ shisp p\émrtltogal to lfxe er(;e?éyaen[u eda Leg the signal
comparing the output signal characteristic generated by said monitoring with like data
obtained from at least one similar sample having no metal content, to identify distortion from the

corresponding similar sample signal characteristic indicating the presence of metal in the samples.
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10

the at |l east one simlar sanple to the correspondi ng
out put signal anplitude generated by said nonitoring
wGet@p/108846. The nmethod of claim6, 11 or 14 WAET/@52004/013218
the energy emtted by the sanples is nonitored and
the output signal is generated prior to the sanples
15. reath h‘l’eglod‘, Ofm&iﬁt le whagirethe Z(iiﬁ}iaﬁﬁg aiith Tike data/relafel €hensinhiahplitude of
n the o ut si

the 1t opOpmill iveld B e Gotepartind Sim G ampigde generated by seid

monitoring step.

16. The method of claim 6, 11 or 14 wherein the energy emitted by the samples is monitored

and the output signal is generated prior to the samples reaching complete magnetization at T1.

17. The method of claim 1 or 6 wherein the output signal characteristic is output signal

amplitude.
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