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RF PROBE APPARATUS FOR NVR CHECK WEI GHI NG SYSTEM FI ELD

OF THE I NVENTI ON The present invention relates to
waeb@skiwed ghi ng material in a container, whil eP€TES2004/020890

container is noving in a production |ine, using

NUCR B3R BB PE1H AR A TS IRUR 8IMRIFRI ECECWBIGHRSG SWEEEM
particularly, the present invention relates to a RF
probe apparatus for an NMR check wei ghing system
BACKGROUND The use of NMR techni ques in neasurenent,
detection and i magi ng has becone desirable in many

scientific fieldsppfrendeaye INVEREIOBNN- i nvasi ve, non
destructive nature of NVR has facilitated application

to industrial instrumentation, analysis and control

tas in a.vari.ety .of | i-ans, _1.ncludin I not,.

| i ear e Snth uRlen BF PincE 3l e ol SLR gt e
thebéHtABEC A nfR af aap@dhians BrOduELS nubkad MEagB¥adTRE®nance

check weighing 1s used by the pharmaceuticals industry

(N¥B) tagimiqussi ndormprrtieyenlat thagressat Byysutian efatey tyailf probe
seal e Vi I LLLing. The drug wei ght can
app&éﬁ%lss sr%flﬁlﬁagsclhg&?\gg\léwl?%r?%c’}%ﬂ]a gram and is required
to be weighed with an accuracy of a few percent or

better, in a vial weighing tens of grans at a rate of
several weighings per %MgﬁggLﬁQSer national Patent
Applri g alsk oty WR}Q%@@A&ZQQGH]@M&?&& r AL LRA NnR¥ing has

reference as y'witten out bel ow, describes”a
bewhec Kesimblphimgiagy stceemtifiorfigdmpf esdeavon prloduct-imoasivengon-

using NVR te i.gues.. Thi stem.i ncl udes, _a, magnet .
e BRET G AR s Jeciulgi PP P o Y. e iRentation,
andlPi € hAP I8kt ANadkRNE 4 aREQ BICHpBAcARIns MRGREIHeSRIt R limited to

wthin a sanple located within the interrogation zone,

cosaredica, [REfuetds) inflostrialppieyiieads, dirlagicad rsampiasgoadeerepioducts. As

field.over the.i,nterro ' : ' ' .
ond P8 Gl B ISP A0SR B LA i
and SeMBdtingkiheWidunt b@Inge ek alealbVR1aE tvialsdiet@ssfiuk. The drug

appl i cation of magnetic , . . .
weight can be as small as a fraction of a gram, and is required to be weighed with an
accuracy of a few percent or better, in a vial weighing tens of grams at a rate of

several weighings per second.

International Patent Application No. WO 99/67606, incorporated herein by
reference as if fully written out below, describes a check weighing system for samples
on a production line using NMR techniques. This system includes a magnet for
creating a static magnetic field over an interrogation zone to produce a net
magnetisation within a sample located within the interrogation zone, and a RF coil for
applying an alternating magnetic field over the interrogation zone to cause excitation

of the sample according to the principles of NMR.

As is well known in the general NMR art, successful application of magnetic
resonance requires that the RF coil generate a uniform magnetic field at the location

of the sample protons under test, and that the RF coil have minimal sensitivity to
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resonance requires that the RF coil generate a uniform
magnetic field at the |ocation of the sanple protons
wapasniteest , and that the RF coil have m ni mal PCT/US2004/020890
sensitivity toelectrical interference (i.e., noise)
elef:tfrf%ﬁ] BXdr&ranle (§9UBS§% frgmvﬁ'férﬁzilysoﬁlfcepa% 9a ¥%@ 'blclslc RF coil
configurations have been utilized
confeguirationst haveebesn stilizddnirs NMRc lsymia:mg th estaltlsﬁ'l thﬁsachﬂnetramts

ti nuous_production | ine
incips BT oS SamhanelpuPHEs kB S s Brdin tine
applivdE e fidithal EXAFRhS mile s‘&@li‘&ﬂaﬁb‘@ﬁh%s%l@du‘:t ion line
applications where a plurality of closely proxinmate

packages nove conti nuously, the fleld produced by the

S LeBob Sl RS CAREBo BB Sehle RS o
cloﬁél?lpﬂoﬂﬂﬁtdwwgd%rfﬁ@\te &ntibbieus52 M ﬁel'dﬁﬂ@dude@sbt t(]b & coil at

reduce cross coupling). This is a significant concern
the; siteapfpipackages dieishboeng ke samelpapderdesignest be minimized to avoid

infRBAGIRGRY Hefihisd \ME%E 15813{\.5010{hed§’a lufi‘éle?r tlémtV(a 1.e., reduce cross
e dledstl b el oalher

si nul faneous ctl
LFfﬂnalg)mClﬁms ical s@ﬁﬁk@glcﬂgcdns 1@Ia§phc§axleﬁplsaﬂy a®fthapaditaging of
ni fjcant. constraj upon RF probes. C ean
AR ?éL dugidt POYE g lieoushY Apeadep production
lin@l rflow in the vicinity of the vials, and any RF probe
utilized in this application nust be designed for
m niPhahwablrtfdabmaQﬁagmgLietalso rexehplairg oflesotheddignificant constraint -

i de a robe a tus.for an NVR check i.ghi ng
upG] B o Clsi ARG AL P0H 11 GHTECIF 131 P A oW in
thet %Imﬂy0§ﬁttﬁeo Rial DT BlesRPRY pl8e aRNIZBH iRT thih 8y fcalb:PRRdst be

has m ni mal sen3|t|V|ty to electrical interference

designoehfesaniimal aistaw cgiructbmpes the magnetic field to
m nimze cross coupling from packages not under test,
and presents mnimal airflow obstructi on. SUMVARY

Thetteisidesipabdy td pebvapaRrat pishd apaefnd Yorng BMR check wei Ohmg
alternating magnetic field in an interrogation zone of

SySiFmdHatPeUGeE SoRBfRIE FegaticeigiftatiGe tewtlepationi (ecfenbly the
cerlf®S3f Qlfle mlr@o% ' H?sa nﬂﬁ‘ﬂgalljcste 1QHV1lty n& Q@c\fﬁ 04 Rterference from

directio
external sources, shapes the magnetlc ﬁeld to mlnlmlze cross coupling from packages

not under test, and presents minimal airflow obstruction.
SUMMARY

There is provided apparatus for applying an alternating magnetic field in an
interrogation zone of a magnetic resonance measurement for determining the mass of
samples in a production line having a direction of travel, comprising:

a first plurality of coil elements substantially in a first plane in spatial relation
with the production line; and,

a second plurality of coil elements substantially in a second plane, said second
plurality of coil elements electrically connected to, and in spatial relation with said
first plurality of coil elements, said second plurality of coil elements separated from

said first plurality of coil elements allowing the samples in the production line to pass
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a first plurality of coil elenments substantially in a
first plane in spatial relation with the production

wo pwe/11mnd, a second plurality of coil el enent BCT/US2004/020890
substantially in a second plane, said second plurality

e s P U F T oo PRt DLl Yr EAMBRELAR b <o Bl pluraiy

of epibmientests. sai d second plurallty of coil elenents
separated fromsaid first plurality of coil elenents
allowi ng the sanples in the production line to
paSS{th'éfeOlﬂQlebhﬁro‘ifﬁfé@r athen at 1?&&:9 a;flblsétfo 'IﬂéﬂetlEyregénance
coil elenments and said second i1

meapwpmants forTateraniniwgathe ongns oofi s;tmpl@s rradu;mroﬂmcﬁqmehng/ having a

. pr.obe for net.i.c _resonance neasurenent for
dlr Ct{oélrc?‘ﬁtfﬁvﬁga?ﬂgnﬂﬁgs of sanples in a production line
hav iarfgs@pldialige bf @l QEmbdhta¥@lstanG QP i §EP£ plahefi hrsﬁﬁtlal relation
Eiurallty of coil elenents substantially in a
W1

thagradycigratineslandel ation with the production I|ne
and,, 8 386 glrl]rq §Jo%rc% 1 eﬁ%:nen&s s&ﬁa’[albt eﬁ&gﬁnts%cos bp %rlxaelmsalg | lc}/ond

In a seco sal sec

phehleyeitsi] eleﬁﬁht’sl etlihiaallgebmesteddo tad naﬁﬁe bsu®RRnAAIly parallel
$ubstant|ally paral |l el and perpendi cul ar spatia
an

BfRer b lposPeHY Tplebem ta the ﬁrqduuaféomhnzmdanqy|dr1r@@&1q>ro¢af fyfvel, said
sectoﬁﬂi)ﬂhahlg%'ff QOﬁ el gtsrglegz!'l?t]eh %n?%auf ﬁfs I%'reﬁﬂ? %tffs, nglrc]a%nents

separ at rom sal ura
allta\hfilxg\/thmgprm}ﬁes mah@bﬂﬁud:tibntlhe emdadﬂoi‘zvl thﬂehbdme t@pdbs through the

irfl th h th aration_ of
serg S PR YOI | menes BRRA <o A Besil

elemeﬂfs@ubh)(ntgill GRbbstRlceent s substantially unobstruct ed.
F DESCRI PTION OF THE DRAWNGS Fig. 1is a

per spect ive view of a portion of a producti onfl i ne
checki ng.t he EERPAGREATRS S a3t RRAWRSGS, ¢ he
wei ghing station has the desired anount of product.

Fig. 2 is a schematic diagram of the current
condigt} rig ﬁo@?ﬁpﬁqfilVﬁn\’léWeﬁ{)IaaPWIRF pfr eberodpgmmaline with an

exéfi‘l‘f}s:lgxrydmlg cWeélb\J geimpé %‘I%ﬁnﬁ flormc/heeckm%nfhat each container passing

through the weighing station has the desired amount of product.

Fig. 2 is a schematic diagram of the current conducting path in an exemplary

RF probe apparatus in accordance with the present invention.

Fig. 3 is an electrical circuit diagram of an exemplary resonant circuit for the
exemplary RF probe apparatus shown in Fig. 1. In the resonant circuit shown in this

figure, the capacitors are electrically connected in a series configuration.

Fig. 4 is an electrical circuit diagram of an exemplary resonant circuit for the
exemplary RF probe apparatus shown in Fig. 1. In the resonant circuit shown in this

figure, the capacitors are electrically connected in a shunt configuration.
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Fig. 3 is an electrical circuit diagramof an
exenplary resonant circuit for the exenplary RF probe
wa@ppanatess shown in Fig. 1. In the resonant ciPCUU$2004/020890
shown in this figure, the capacitors are electrically
co %{‘? Gled pe&lpgctﬁf.%rvliﬁ oEANE A, RANprobE Gppatatu§ ifficcordance
el ectrical” crrcuit diagram of ah exenpl ary resonant
withcthe ptasentfinventibe. exenpl ary RF probe apparatus shown in
Fig. 1. In the resonant circuit shown in this figure,
the capacitors are electrically connected in a shunt
CORdi gyriaty EHmFbIQvatQHMSw@wp@f s e&EinyRiry IRWVpadbeafipparatus in
exenpl ary RF probe apparatus in accordance with the
accq@mmemm theeprtsemh inventgon shoveng irf phantom| eviat pah aPRYAYeRLelt

n exe RF probe apparatus in accordance with
Passﬂ‘?feﬁ‘ ?‘&’éﬁ?k?d% Mt ion showi ng in phantoma vial and

conveyor belt passing through the RF probe. Fi g 7 i's
a right side elevational view of the exenplary
pr dbe. Biscvmgtit mdé.e@eva@or@h v the ereanplp H@’bﬁ HP%YSP@ o Fig.

he RF obe r el evational view of the
5S@Wé%?agypﬁﬁmér‘%‘g&g‘%ﬂ‘&%ﬁ?“’%% g. 5. Fig. 9 is a bottom
view of the exenplary RF probe shown in Fig. 5.
DETAI LED DESCRI PTI ON An exenpl ary RF % ar.a
| n igcbiaimeeeiaratRnalnge P e RO HPBIRT B0 1o P A6 A
generally by the nuneral 10 in Figs. 2 and Fig. 5
through Fig. 8. As best seen in Fig. 1, RF probe 10 is
usemigl 9 isa RO Vittvatithe SlddRIptdTe RE prebgsliovg wyi¥gem 20 to
check the mass (or weight) of the content of a
contai ner while continuously noving in a production
line. One exenplary application requiring such check
wei ghing is the packagi ng of pharnmaceutical s.
Exenpl ary NVR ChePETWALGR DESSHEREMN or Phar naceuti ca
Packagi ng Fig. 1 shows a portion of a production line,
which fills glass vials 22 with a drug sanple. The

exemRlAEMpERERIK ﬁ%@éegiﬁp@ﬂit@st1ﬁtalc£tl’id2r{belv$1t1pm@\prehedt invention is
"in-1ine" for noncont act wei ghi ng of each of

mdfqateld@bnwaawyt thamupged 10He Fégh ﬁo@grﬁgaﬁ ahraugfeﬁ&ﬁ As best
seen 1n %1g. Q, RF probe 10 is used in a non-contact, NMR check weighing system 20

to check the mass (or weight) of the content of a container while continuously moving
in a production line. One exemplary application requiring such check weighing is the

packaging of pharmaceuticals.
Exemplary NMR Check Weighing System for Pharmaceutical Packaging

Fig. 1 shows a portion of a production line, which fills glass vials 22 with a
drug sample. The exemplary check weighing station 24 is provided "in-line" for non-
contact weighing of each of the filled vials that pass therethrough, and a reject station
26 that removes those vials from the line that do not have the sufficient amount of the
drug to meet product specifications. Vials 22 are transported to check weighing

station 24 from a filling (and optionally sealing) station (not shown) by a conveyor

having a conveyor belt 28 which, as represented by the arrow 30, moves in the z
}

direction through the action of rotating conveyor wheels 32.
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26 that renoves those vials fromthe line that do not
have the sufficient anount of the drug to neet product

w@pmsitfieemt i ons. Vials 22 are transported to cPEDKS2004/020890

wei ghing station 24 froma filling (and optionally
sealing) station (not shown) by a conveyor having a
conveyor belt 28 which, as represented by the arrow

30, Clekeseigliing bRtign dit ueGINMR tetimdqgs t6 deteaninedhe ofass of the

rotating, con wheel s 32. Check i ghj [
Lt forveror irecl o7 ceckal g st 28
apprecggf OIX%S \mﬂg Felaﬁ%ﬁﬁfastt € cYitdher, %%cau@é HhJO&E not give a 51gna1

e art wll appreciate, glas
thachﬁgm anefusebidt ths nﬁd’aeuremlahtaprwess béu abise emhedinttnt, nelneck
ve a signal that mght interfere w.th

Welﬁl@aguﬁféﬁﬁlm?-”prlaeléé%s o] RERHNE o AARIF et kEbwape 10 (shown
e et
MagmrﬁutoeeatcﬁsmtumMgesy@Iseimeet&umm M)aorpvtaj@enwtlg @Cld in the X

AircG R St RETEET DB (BY A heeg R PEC D1 Tacegi 8 &' ihe
mte&%@éﬁéﬁ? bolRedd, Bertdlafor 88D Hhaldshy 1dweth &f ebiesot Belt 28

e Interrogation zone 40. Interrogation zone 40
threnghewitish thesstitiengagneté ficldny ayiderngi applag! WhpATRIRCHEFICt 34.

th t t
Thep%al(xe ﬁgh{n%h%%%o‘éﬁalgﬁn&cl}%ewqgch eﬁ%ﬂ' O%Jegé %/1 fn%ggét%:cgﬂ B}Qnt e.g. 1H
nudliCpfitodd)] 8Na ealt POBESH 6f MBgneld.c Baoawet the esaglpld ptotons
nucl ei (protons) as a result of the spi.n of the
posserch einagnBie apseentHae sampleeis frptin O ;5*6%%48%% & Iﬂﬁigﬂ%&qeesatlon
th
ol 158k (R GRRELE Lagieuml e toREdobhLp st is it
intdFRpagbh Cohé @bdthe Mhtind ttadc smappletc ifeldibtehien a net magnetisation

i nterrogati on zope 40, t
withinethg FPAF e ¥ia g?“%@ﬁ@??tgﬁt %%’ﬁce\/\n %f%%%?lﬁg a&'pﬂc stagt of
inter i%ratlgf??bﬁé 9@ deh %Qttlieoébtféﬁl"lbc%ﬁlo%zse%&(iﬂ%aﬁmgoi light Bdagn 46)
I nt e rogati on zone 40 (such as the optical
acopeesélyi zod preansafby d4t¢cﬂsa?v/hmgwa1 12 gﬁlﬁt:h%eaaml%@) PAXGeH Positipn on

d
corpyel bl LoaE oA e SO IR 7+ 28 pr cedi ng check

wei ghing station 24. In nost NVR systens, the stati c
magnetic field strength is such that the Larnp
f r euenesy MMR Kesteranpibe stadici magpsicy ﬁ%lfjosnfep%t&u’énwh that the

Lannolgf?equenéyhgf t%l S5hp

e samplg RRINfL 1’&%]0 frequency range of the electromagnetic
spectrum. Applying an alternating current (AC) magnetic field to the sample at the
sample's Larmor frequency and orientated orthogonal to the static magnetic field, will
cause the sample's net magnetisation to rotate about the AC magnetic field's axis,
away from the direction of the static field. In this embodiment, this magnetic field is
generated by applying a corresponding AC current to the RF probe 10. Varying the
amount of energy delivered to the RF probe 10 can vary the angle of rotation of the

net magnetisation.

In this exemplified embodiment, an excitation field that causes a 90° rotation
is used to excite the sample. After the 90° pulse has been applied to the sample, the

sample is left in a high-energy, non-equilibrium state, from which it will relax back to
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spectrum Applying an alternating current (AC)

magnetic field to the sanple at the sanple's Lannor
w0 e@querey and orientated orthogonal to the stBECT/US2004/020890

magnetic field, will cause the sanple's net

its JTRGNE t8abF %IE&Lﬁrﬁt alsat Apples, dlerofagieietdrey fat eled Emor
axi s, away fromthe di rection of the static field. In

frequbnicy ie mtmdq@mmaglmhs cpmperant of Mhishdnduceg asamalcagphysignal
AC current to the RF probe
lnﬂfgpr‘%’/’é’?g}lﬁal th e mbegp energy delivered to the RF
probe 10 can vary the angle of rotation of the net

rra netisation. In this exenplified enbodi nent, an
ardberi Of inenidors Isaerer s08Ead BY 81 PBWPLR Aohe) iet gragaeisption

of tf% 5 ngleslgeﬁ%r?@qg % 01?1;123 rst;}tg%n? %ﬁﬁéﬁﬂ%@ a&uﬁ‘ﬁeﬁééﬂﬁldvﬁ% a

chafeferieGe wWhiddr is rosdradieal tcﬁ tlenenshdycémittedwi Ihlthe @taxntbmmple a
toits original state of equiljbrium, As.it rela
chagpiseistiorhHRendiced fEFEY bt PRBIILAR.NEFCE MEGuameps odier things.

the Sﬂlﬁ%{e& mﬁﬂ%ngﬂﬁﬂ’? 1'tscmqt Qrpg@&nd’lfxen‘é@ 'tl@]nhﬂ%r‘%?%cﬁecules n

In rmof current in the
the rsamb]e 1’Dhe REemd) hﬁgnﬂtDlsnﬂImm passsd émdreggorepritert ecdltltw swtem 30,

sanple as the et magnetj satio t he, sa t
Whigh ChESaigH i Hab SIS B DA LG AT OB 75 GO FRGE. Wi
the R X)'hﬂgleaofq‘ﬁ%ﬁﬁtr@éél@etd' FoWh &libtSioRrsaRpld wRRa! kot A@ss (or
rgy emtt I'n the present exanple a

welghia,r mcdeeinsng choomasheri weightd ¢f ¢ha panple being tested. The check

w82 R A PR B S o

frec?.\en@[@i SRUALS td et Bige SBNMBPlcte difRrah€ OMRe despogsiat dlﬁnents in
hen passed to the conputer control system 36, whic

sanmbm alf@lse mem&mqntrgb&vsmn 36 sats sigreagalipedion sty for 6&9}’( fgthe
dlftté PAL sam nt?leg ’théMc &g a@gﬁﬂ@'s‘t&%ﬂe\v%ld%esé 03 determine the

roma ca on“sanple wt ha nown nmass
ma£506f \X&ﬁbgbta)mplbﬁudﬁg elchimetetifte chEtBs NMR sigiatghfromahe tiféerent
anpl e being tested. The check wei ghing station 24 may
NMPefeéB@@l‘fecFl%féﬁ@Fate and receive signals at different
Larnor frequencies needed to be able to excite
different NMR responsive elenments in sanples. If the
c onPort illnsteaive potpsys betn@ 8y ceay oftlioritatioal the rgamr@lnom:mtwn of

ol SRR bl R SOTR 5 IO FEFbea. v
check weighing system 24 is initialized, including installing a RF probe 10
appropriate for the sample to be tested. Once production is begun, conveyor belt 28
continuously transports vials 22 whose sample mass (or weight) is to be determined.
As each vial 22 reaches a position detected by optical position sensor 44, optical
position sensor 44 generates a signal accurately establishing the position of that vial
22 to computer control system 36. Computer control system 36 then tracks the
motion of conveyor belt 28 as vial 22 advances to the position Py within interrogation

zone 40 where the sample in vial 22 will return the maximum sample reply signal.

Al the instant in time when vial 22 is in position Py, a brief energization of RF
probe 10 is triggered, applying an alternating magnetic field in interrogation zone 40

such that the net magnetisation of the sample in vial 22 is temporarily changed. RF
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mass of various sanples using a characteristic of the
NVR signals fromthe different NVMR responsive
web@sentest For illustrative purposes, but not PYT/WE20040620890
limtation, the general operation of the NVR check
weighi ng. SYSLeM.24 - aSemRUNLY NthET Smpte Wnl hid?€22 as the net
pmb&eégrlmro&ggs%ﬂhlr%ste %é%ge%lk \/\/é?g%i rl?g sysl%gngAlj S e n
maghnBfidatiah iof €k, saiipdd tethimng té its baginkhgata oREqpidibbemiend generates
appropriate for the sanple to .be tested ce .
an quiRH FeEEbRAYIRE BEHRACICES w%?* 15 EFQPOSEO! &ﬁ‘ﬁaheu%‘h%% emitted,
LENSRONL SnYidhs EmPhes BoSfISeABS6 ré@ivedeheRY prébe 10
Suc}% ggggﬁg@t%?mhﬁéﬁ. Alslﬁ\dgachmvi al 22 reaches a positipon_
outpietsaghipd Mycepdi ¥toppaks ihencuseens emplhde @ptatlees| output signal

BRI ST ® L E R e -
and?lr%gé@émes fYSh AT Fehe ERIPRUESH tBOREHIR of3NS t@APpEHohhen

s the notion of conveyor belt 28 as vial 22
advances to the position PMw thin interrogation zone

40 where the sanple in via i1l return the maxi num
sanple reply signal. At tthi%%%}%@ant in time when vial
22 is in position PM a brief energization of RF probe
10 is triggered, applying an alternating magnetic .
fiehd ekaht}éRFQ@Q& éé ip GRROTATCE YEH! H1FaRTeReHE IjEption is best
. netisation.of.th [ ' 2 1S ; 0 j
I ERERG A RESY b6 0 b Ers ‘Pt Ehareh ot FIBGSRhiuth o
MoSABRcHidaly VFigl 232eqatst d eclratativaljapeam st the RIOprdabeel O current

sanple returns to its original state of equilibrjium
condnel gk ATES JoFIohERUY 28 PlsRHIcah SR g ASa A o e or e 1 20

which i ofg i i SHE Bis.eR1 hr66kh SUGERPRS front
exegll?llarrgnt@aﬁ%ﬂ%?t Eédel% arr%'{pabtnrgpﬁ’cont ro Ssyst errr] 6 r ecgi ves
cletdt@nRE righblide tRvatinmpitresi geaitionfrapddwiiom Bwsmrfihe ebysical

the current _anplitude or other output signal
forprpdRatPePF 499 c with |ike data obtained fromat |east

one simlar sanple of known mass, and determ nes the
mass of the sanple fromthe results of the conparison.
RF Redivst freneixeligh.a? yhRBghrioBeREMPhe 40ciBr ¢psadenss whth the

t he.present jnvention.is.best, k. =Y rq

esent i L1668 0B 3nlav 04
presi GO TENRBLOR O b o R 3] PR G R
ha\FiH%%UQ:I&_ta%guM”cﬁ)ﬁ peetidn eakiey,inFilg.twd qupesiept secéangular cross

schemati c di agram of the RF probe 10 CLirre%

section housings 106 and 108, respectively. The housings 106, 108 are spaced apart
and in parallel, creating an “open probe” configuration. The open probe configuration
permits conveyor belt 28 carrying the vials 22 whose contents are to be checked to
pass between housings 106 and 108, and allows airflow surrounding the vials 22 and
conveyor belt 28 to pass substantially without obstruction. The conductive loops 102,
104 and the housings 106, 108 carrying them may be placed such that the longitudinal

axis of coil 100 is oriented in either horizontal or vertical spatial relation with

conveyor belt 28.

The conductive loops 102 in housing 106 and the conductive loops 104 in
housing 108 are electrically connected to present electromagnetically a single,
continuous coil 100. The detailed current conducting path is illustrated in Fig. 2.

Conductive loops 102 include a plurality of coil elements 110, 112, 114 and 116
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conducting path, Figs. 3 and 4 show an el ectrica
circuit diagramof two forns of an exenplary RF probe
waosasweeant circuit, and Figs. 5 through 8 depitTUS2004/020890
front elevational, right side elevational, rear
n QUBnYdr@YVB2 leQhQZPQM&]QGHOfr@édTirQé inner
fomaéléﬂﬁ% %19{%?'100% ﬁgbggl seen in (ipfl gs. 2 through 5, a RF
loomnﬂgeﬁnd @oil relearnty Uiy & 82.vangH 3¢ Hermpedewih 2 donnesiiondn glound at

d 0
I A

]ooﬁ%alr 04l 1ﬁ9]uﬁé‘§gﬁi a]it%f esipeishiGts 146 1M guk and M@ﬁﬁnﬁé@xﬁtbomer
housi ngs 10 108, res ectlvely. The housi ngs_ 106
loori 088, 2o Jpnced 1&@;a1r5tZ smddl Hnw i reier e turme s helemgRia ko0 formed

onf ura
1ntoC18ﬁcFrnlagP i? g 6&1 encso Lo e;lz(-’g? g%oo F’?@\éf@hgg\?el sei trl]lbn 1?]8 formed
mtoVelr?éLﬁerz?ev‘éﬁ@%ﬁn%Ulﬁ m¥.s are to be checked to pass
bet ween housings 106 and 108, and allows airflow
surroundi ng the vials 22 and conveyor belt 28 to pass

IS g g%éﬁar%tﬁlﬁguci%imfegt%%?% QﬁﬁxteE%tnhﬁ’aggFQ& LoRdatioden d1h fferent

ousings 1 108 carrying t
hod's!ﬁugs hesrhaqes, susdativdiat Gohéudtmng'i(l eldmtnaddl}amrmectfs 1mmrlloops
is oriented in either horizontal, or v

11 &k 1485 cerdugtar dA2 wlscHic@Bn sayRscsyBngT 1ogps ea ﬁ&&??%wr
174 f%gélcgiﬁ)ﬁ cb@%&ugﬂt&g g@ 138hdh s 5S oRE UCdnliN @ ot Q99 <ld@dcally

are e trically connected to present
unmbashﬁﬁﬁagmeﬂi&akiyﬁh single, continuous coil 100. The
detailed current conducting path is illustrated in
Fig. 2. Conductive |oops 102 include a plurality of

CO' Il"ll@lcgﬁ(ﬁﬁ’éﬁe 338, is bwn Lith avsivsldSkadmeatica)toili slaent and
oop 118, coil "elenents 120, 122, 124 and 126 forned

eacihrtto@ducrtme r Theopgph 128, beasedn tobegie Mithethe godgwherpaone epqqpf coil
eleB n@oﬁ()rrgl?c}sm%tage Btn%g@}; fg‘% 1eeRd9ouRd ﬁfx Qﬁ %eﬁ]arﬁﬁﬁtter

I'nto outer
outphthlBrekdiverciapatiiand veubaiyls (1041si thrlugh énger ﬂ)d)cqr hl 8 topndrctor
coil elenments 140, 142, 144 and 146 f Qr ned ﬂ:t gner 154,
170,coper1lagp 1&&. qongpeipeht® MRy, 10qm 3 28 priBrond {4 PRYPLR

revtggsrentu&:m i op t Sggg{))nd]u?g)éf PfATE b N fdp! MHET aldOORuAABpacRNS the

and 166 with réversé turn 168
trah@hifREoutphtand Reiste input.ever se turn | oop 168.

The skilled artisan will understand that the number of forward and reverse
turns will vary depending the size of coil needed for package size. In the present
example a RF coil 10 having two forward and one reverse polarity loops has been
found to be optimal for the size associated with 2 2 ml volume drug vial 22.  The
skilled artisan will further appreciate that these reverse polarity turn or tums at the
ends of coil 100 actively shape the alternating magnetic field perimeter to minimize
cross coupling effects from samples neiglﬁboring the sample under test, i.e., minimize
the alternating magnetic field at vials 22 positions other than that of the sample under
test, preferably the center of RF probe apparatus 10. Alternatively or additionally, the
alternating magnetic field perimeter may be passively shaped for the same purpose by

inclusion of shading coils 180 and 182. Shading coils 180, 182 may be formed with
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Four conductors electrically connect conductive | oops
102 and 104 in different housings 106 and 108,

w0 e®pactsbvel y. Conductor 170 el ectrically connBCI/ES2004/020890
i nner | oops 118 and 148; conductor 172 electrically

elecgfcg‘@i? ?::é)glé(a}c?e&e%oat] glg;ﬂxt%mjsza% \95@ Pé'eégfor %QHQ&&%‘)Q r]océ37s41a%2d and 104

cts outer l[oops 138 and 168;
and 6RNGMOROY intRflech B6tsingsalOby 1 @Satnbetsisiofinmil 108ops 128
and 148. The conductive path is shown with arrows on
each vertical coil elenment and each conductor. The

gfatI{FO Efc%ebﬁ) ﬁﬁﬁfgle%% 6@&91'21& Wb 18etgdRrHE f?l:ieen@&@saﬁﬂ @hort

el’'emen and 116 are electrica
puleosnest fdniating anhgmtiveficldrd thhefrequansyriof tisteresyt pBxerapldry,

ST s e
elecgl‘gc%éllygc{e&%ﬁéctéé)ﬁgg%t%ﬁezl £POQUet RimhéR afl Amastableanika4apacitor

urn 168, conductor 174, outer |oop 133, |
190ansig ouse abipstabieocaphatacaredi prepr BOrpiredprpacsaeapng

capHAER I TPORBEFICHG |00y et i RUTHnS gt fefency of
RF ?ﬁﬁ’ ¢pd iA'?QadﬁﬁB@ab?é Zet@ingCQbhciftte92dnd ohe pagloagfixed egpacitance
e

present exanple a RF coil 10 havin% two, forward
matahitlganpadieve i ¥ elsolrizaily golnssisd iRaralel eretity arg elstrically

opt i | f.or, the size Ci '
corgPef s b R SRR SRt o RSBl SR an
tralé{%%ﬁrc (R esHolal o ENBIR evrEis ewgighiagi syster2®. or ThairMstching
at t

e ends of coil 100 actively SE%P t he al ber nﬁti ng.,
capasitpretlPé, F9cematohethe impedance ofiths a2 oXebe e hy ot the
effect.s.fro ' i By Rflecei d
Chairaé%e(r}ShF .lrg}.’?dyrrﬁgeﬁ{ﬂrgn{lgg' ﬁglgg%% rtﬁg%%bﬂegc‘ﬁnﬁ‘gg etic f i eld at
rankirahsr. 22 pAgidibdn acwidier] 98 hianserieatbebfeen hibe Jrangméitay naidr the

test, preferably the center of. RE prgbe apparat 0
maEhing GRREFIAES 3}9{1”1 okt His Jege1vy Iﬁrg%aaﬁ eetir?{gglll{%egr Hhost power
mi %‘ﬁgoqﬁérkﬁsef bk dnRek! B ELeivRY K€ opassd walyt fBREARN00Mmay be

e sane purpose by inclusion of shading coils 180 and,
plad@P acrBkmaching0Q oo | dssiBle; aily8 tonedy enssgy shwa VMR check weighing
wi thel ectrically connected coil elenents as was used
systesp 2@ STeRicR PSfe 1 oops 102 and 104 and are sinilarly
i ncl ude in housings 106, 108 at the ends of coil 100.

RF probe 10 includes a resonant circuit 189 t?
gendhatesondg cﬁre@iégg@ﬁgnrgtmthown in Fig. 3 1s commonly referred to as

a series resonant circuit 202. In Fig. 4, the electrical connection of tuning capacitors
190, 192 and matching capacitors 194, 196 are interconnected in what is commonly

referred to as a shunt resonant circuit 204.

As will be explained in further detail below, important additional alternating
magnetic field shaping and interference minimization may be achieved by coating the
inside face of each housing 106, 108 with an electrically conductive material, such as
copper. When coil 100 is energized, eddy currents are induced in this conductive
coating that help to shape the alternating magnetic field perimeter and minimize cross

coupling and other external interference.
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pul se of an alternating magnetic field at the

frequency of interest. Exenplary, suitable resonant
W@ 2008011660 | ncl ude those shown in Figs. 3 and 4rPCT/DNSH004020890

3 coil 100 has electrically connected in parall el

33 \; ﬂ ?%FS%l us?ﬁ eag{eqﬁéc‘ﬁ%ﬁaltéé L&Re o?%@)kén%laly RF

e capacl ta one or
romr@déécﬁﬁgd BéRACHok aﬁﬂ&atwnm it Qetelamaamdmoﬁth@ gﬂass Diilengpntent

acitors 190, 192 set and adjust the sona
of 7fmgéwgn‘cyls 3L. @:o@cﬁ gengril NKS 1%{3?33 JEnEES I{.ﬁ :;@ includes the
twon%{%é It gﬁbcsg iaf %c%}%gr{ elfHﬁr ok 11766 hrfdPEE ik %B&t?al relation to

ors |caIIy connected in
proViade @'plaﬁslagé\h@ ZEMJ hbrebame e aefidt biottainl plate @h gaitieg Homsings 106,

seri es between one end of c¢ 100.and_ both t
108ra dlegin/oottqingy flaihesmpvablsdon Pﬁ%&%ﬁl"éﬁm% HB‘&Sl’é&?o{}&% 19§ pt their
[ capacitors
tOPTgE <%§%5ﬁ§?gﬁ5 ﬁgmﬁégggﬂk%gSg%nﬁﬁg@#%gﬁgg'RFpprobe 10

to that of the characteristic inpedance (usually 50

ohns) of the cable comng fr the .r

o sl SO0 i S LI e R Bl Pevor v 25,
all ?xg Lfm’?zeglgfelaﬁ a H@{ES;%IL fidvé fhe?é’é%dnﬂep'Eﬁétuﬁbbﬂﬂlcﬁeﬁﬂﬁfbuﬁgﬁ tl$e center

I'sol ate e receive fromthe transmtter
of Rih0sie 1 pothe |p1 afergt sictdiehaviagwlovedes sastiviere thaaageely Jelds are

hunt t 200
ey P e 5L 00, P et S
V121Y@2? !ﬂbﬁ@n@ B3I Bf hiSou QD cnihighe20 dhewidesaddtent kiee.pjwtth a

configuration shown in Fig. 3 is comunly r%ferred
passagesvay@fiabenirlésombsite heen &qu to e APPIRPRR: Bgth hofom plate 212

| ectric onn Iy t 92 furtt
i HAEA 4 GRaER £ vt oleh SBRRGD rBlRd Btreilt 18 further
fachhiak vhsbEreTEaRivovef erred to as a shunt resonant

circuit 204. As will be explained in further detail
bel ow, inmportant additional alternating magnetic field

sha t RChY et ed
by e SRk AN R EALRE BBy DRpachY Sure

anchobhnﬁItdefoecﬁatln aalduy pmh@gmcmlumemﬁedm@[nsmgucﬂm% it may be
e RD s S S T R SR RS B Bl o
coﬁ\ goia‘oEl? nRaLhNGe IREN G £ vhii@l bfpRekdpet.erTathis endcompenents
Jomlng the bottom of housings 106 and 108 may be made easily removable.
Accordingly, while top plate 214 may be affixed to housings 106, 108 using threaded
bosses and cap nuts 218, bottom plate 212 may be affixed using threaded bosses and

wing nuts 220.

Conductors 170, 172, 174 and 176 and ground connections must pass between
coil elements in housings 106 and 108 as explained above. In the present example,
three of those conductors are shown passing therebetween at the top of housings 106
and 108 just below top plate 214. A substantially U-shaped channel 222 having a
flange 224 for mounting to the threaded bosses of top plate 214 may be provided to
protect the conductors passing at the top of housings 106 and 108, and facilitate
airflow and spacing therebetween. Other conductors may be electrically connected

through two multiple pin block connectors 226 and 228, having a plurality of pins 230

10
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coupling and other external interference.Figs. 5

through 9 best illustrate the nechani cal aspects of
wo b@saxenpl ary RF probe 10 described herei n f oPCT/US2004/020890

application to determ nation of the nass of the

i t f [
sulfiOfy @ gig i SRR Eliford tppTead B89NV Joops 102 and
104 dhadlakeenoustat 1 drttiodtbinyofiieosiagg Ud@ancbls; irexpscti@by. andnating
b.%os in %§g2%?| rel a fonoto provi de .a_passageway 210 .
N{SFTBHEL MR iy TPy AP Y TR Pt e BBy AMFHE PHEUST hgrdthin
blodPBonnkRr&dod fgiJogpottom a flat, renovable top plate

214 joining housings 106, 108 at thentop, and a

capaci tor box 216 nounted on one side of top plate

214, Housi hgs 6, .108 and passageway 210 are sized to.

o GapRoRy B beimieoe Apn Rl PP S e diimdls Sty e in
corebtidroWith Fasseabaund AdpaaS e RO RHa b BChEshiloh POt IR is

center of coil 10, the preferred site of the sanple

proyiigd bytnegans whe r@mmiqmgnle234qarbviélr@saca¢se torthstrotatatil @ shmfts
I n t.he present .exanpl .wher e, conveyor_carri.es
of ialr e BY SRR B gt Eh S s eR S o BelstleSiog gy gpe user
Andfhetiten?fy aBIRcBY EHD363R0 G AR Mcdess 3 theibtefi B} aditdriboR 216.
passagfmay of about 10 cm have been found to be

Allgppevie st ers BsPreipgblyanryied with sdverdeaded yipomt@” pag seals,

o YoM, REHEAR A P PBE LY b o bl DR
coagdivhR bicbyduskirlsheldagiseperfod ansioaedR FisbigbniRE. @apietot Box
t. b fi ed and optim zed for each uni que
2162%3 Q&@@SS@@Q@%H s asphehiosh a0 itashed {0 I%I;insel%& While this
Lifig bl fintifs BR&EREBLRP R0 iR &R drkenP ARG
asy?nste%llablnel %y thgxﬁger sookdﬁvey f %SF%HES ﬁayﬁgg$fbund
to hestedirélge tamaamiiet girfddwpackages. To this end conponents
joining the bottom of housings 106 and 108 may be made
easily renovabl e. Accordingly, while top plate 214 nay
be affixed to housings 106, 108 using threaded bosses
and cap nuts 218, bottomplate 212 may be affi xed

usi Rae 4@ Sgeerney seeensend MYiRgeheok svepghing exstaiu e os eritically
R R e T
megsupdraci e  cabevigzly,| attHEls fifods @RicheXRAPréhe 10 are fabricated must
be carefully selected to provide low magnetic properties and interaction, ease of
manufacture, cost minimization, and availability. Additionally, in a pharmaceutical
application, all materials must be compatible with the environmental requirements
mentioned above. So, for example, materials selected for housings 106 and 108 must

be able fo withstand the cleaning agents used and not discolor or mechanically

degrade.

Materials found acceptable for use with RF probe 10 include 316 grade or
better stainless steel for housings 106 and 108, capacitor box 216, bottom plate 212,
top plate 214 and all removable covers. All interior surfaces and stud bosses should
be plated with a suitable RF shield conductor such as copper and gold. Acceptable

printed circuit board material was found in Diclad 880. Connector blocks and

i1



three of those conductors are shown passing
t herebetween at the top of housings 106 and 108 j ust
whedsmiteop pl ate 214. A substantially U shapedPChasaned/020890
222 having a flange 224 for nmounting to the threaded
e j r t
e R R R TR U RS PP OUR | Ffie
22 andbptiawally hatufacaired frow Bolgtespoirngthyloaes GoERByeen. O her
conductors may be electrically connected through two
mul ti ple pin block connectors 226 and 228, having a
pl U'Itakx}iﬂyb@fun@ér%og%quﬂ{ea Bo&iﬁaeﬁgs §es§:H§ecf”thEin merely
frequency current conducted 1 n conductive | oops 192
excarplary04nd tthatt a greesomosiitled in rthe et hotyt onkefmhousiarigsons and
and 108, respectively.. A mating brjdge connector
mogi el i, Yo Biy B R g LoTh NArBS € IRLAAT P et o Tpe arious
emBS@nntdindy Bl Ofkceonne ﬂlteofﬂ&n?agi_@e,a&din?c%%abi%fb?? he 91{3 ﬁg?ﬂ ate.
216 carries the resonant circuit components descr Pe
Allatyeh enddifieasione end variaionh afi igendgl ket icludeq wsthiretite sobpe of
t.unabl e ¢ citors 190 d,194 is provided by neans of
ﬂwdn¥%ﬁ€€§ﬁ%§€®%U8FEE§EWB%%Vﬂ%Fﬁg access to the
rotatabl e shafts of capacitors by which changes of
their capacitance value may be effected by the user.
Anot her renovabl e cover 236 provides access to the
interior of capacitor box 216. All renovabl e covers
are preferably provided with silver |oaded vitron "O'
ring seals, to inprove both RF and airtight sealing.
The interior of capacitor box is preferably coated
with a conductor such as cooper for inproved RF ‘
screeni ng. Capacitor box 216, as discussed above, is
posi ti oned above and attached to housing 108. Wile
this asymmetric nounting often exacerbates noise, in
the present application it was found to be desirable
to maxim ze airflow. The radio frequency response in
NMR check wei ghing system 20 is critically dependent
on a variety of factors and can del eteriously inpact
t he NMR neasurenent. Accordingly, materials from which
a RF probe 10 are fabricated nust be carefully
sel ected to provide | ow magnetic properties and
i nteraction, ease of manufacture, cost m nim zation,
and availability. Additionally, in a pharmaceutica
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application, all materials nust be conpatible with the
envi ronnental requirenents nentioned above. So, for
wezaspleweo mat eri al s sel ected for housi ngs 106 @M U3184/020890
nmust be able to withstand the cl eaning agents used and
not di scol or or nechani caflayndegrade. Material s found
acceptable for use with RF probe 10 include 316 grade
or better stainless steel for housings 106 and 108,
capa€idBr box 216, bottom plate 212, top plate 214 and
all renovabl e covers. Al interior surfaces and stud
bosses should be plated with a suitable RF shield
1. condpptmtussioc Apgigingeppateraritdg aMgdetiAGeRIPha Rtdfdgatied zone
circuit. board material was found in Diclad 880.
of BIHATLIS, ICRPFERS masgaamaR; far deteratitionf e snewsest sahplys in a
. . : eL.G .Pelrin. Channel 222
pw;dg&gop@%%ﬁv;/n%%ggb ﬁlrcjg Ve?’fégﬁﬁ SP@( etraf | uoroet hyl ene
( PTEEYst ploraiiiyl df dodl alernents subetntifiat int irse PRAE MBS relation
. crjged.h%re[n re nerely exenplary and that a
W“ﬁ SHRIURI 18 #¥tht he art may nake many variations and
nodj, £ [ A rdi it d scqpe
of | R PR R 1 CRRRE LA AT 3l PR, 368R8c0ns
pluplidy of ced dlemetie elzttriealhatonmectedrio, andcomdyaral tedlionasith said

f ?E{)raﬁri e%t e.1 Al such. nodifjcations _and variations are
TS REEHES P8 T S Al cpeqpichp Hralife of eejp glegtenthieparated from
said AXEPhirfity a7 co8 bichRes d?lo‘glfk?% ARRENER ilf{lﬁ:ﬂﬁ(tillﬁhigh MBe lto pass

claim 1. Apparatus for applying an alterna
threygdiribe peparationdfispiddirst plumbityoefaviloderzane ant sad segné phurality
Ofd’oﬂse(l){{ﬂa_ﬁg measurenent for determ ning the mass of
sanpl'eS i'n a production line having a direction of
travel, conprising: a first plurality of coil elenents
substantially in a first plane in spatial relation
2. Wi t ANt PR AROTBRE |t rfdaima hd wharede seiddsesiond ailinelityodf coil
ik s & : a1t | d pl ane, sai :
e R er gy S A Pl ATER ol iem R Sowing
airftoon meptoatnity fo tiedamples fakipabduceibatineo phdshsudsthgtidllyr $ithout
| ural it f coil elenments, said second plurality of
Obsg‘B?tpmle#héﬁ\ég%t gles%aﬁgxiagp%d) fSAndirst plurality of coil elemen%/s and said

second plurality of coil elements.

3. An apparatus according to claim 1, wherein the production line has a planar
direction of travel, and the spatial relation of said second plurality of coil elements
and said first plurality of coil elements is one of substantially parallel and

perpendicular to the production line planar direction of travel.

4, An apparatus according to claim 3, wherein said first plurality of coil elements

iIs substantially parallel to said second plurality of coil elements.

5. An apparatus according to claim 1, wherein said coil elements of said first
plurality of coil elements said coil elements of said second plurality of coil elements

are each formed into a plurality of conductive loops.
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said first plurality of coil elenents allow ng the
sanples in the production line to pass through the

waepanatebn of said first plurality of coil el POEEOISR04/020890
and said second plurality of coil elenments. 2. An

6. apPaRapar ' Oc1% ; Al ccongd

o oy e B R0 b ere MR B SRR ve toaps

are sbstenH  ywietlangdidnfshapst plurality of coil el enments
allowing airflowin proximty to the sanples in a
production line to pass substantially w thout

7. obstAngipaeitud AHeOMEY HoNgaiReRal ki f lﬁﬁ'ligl I){ EMductive loops
plurality of coil elements and sai 8 econd p uralultty

arepprraigerl wibstaninally. 0% insideappdiea asd aeidocdl BiEnient< Ferhithg the

i.n the, productiaon I{ne has pl anar direction

out(:ge%fm%}:?r/ognld}lctévr?d] .ol]?eargp%}thgFal yeF%lfqe_E’inO?_fO &t dihgec@mt passing
thepdthifoRlh §8/inGev&&d hol L9 TRIM eheafaridlo tlgéc{) enﬂn%{sﬁ'llg'ﬁc ou%fl the

. coil elenments is one of substantiall ara
Innge coBdHtiyallappst 80 ehdo phamutici dterhating mhamsic féldesdridter to

of . 4.. An t. di t laim 3,
i B coip ARTRRERT SLUS, g gLg Lo olaim 3,
substantially parallel to said second plurality of

coil elenents. 5. An apparatus according to claim]l,
8. wher'®i apPamius aceprding te <0, gffhesqin daifliplwelipyl afrcnidugtivefloops
-G} . sal d. coj: nis of said.second. ..
wecRbnghd SOR HaR g SRl BLERBIS BhesBlhBbEo ing o v
paspiver sblailing afil congeativeasdooREsn szithh@@Q@hﬂbé}lscc}nductive loop

.accaording.to claim5, wherein said plurality o
f°“&18fc§ 3{?& F%@ fﬁ%@é@agf]ryeofsceﬂsﬁtl%w%ﬁwa second mgefie shiading coil in

ope¥RtaReassdeiatfth @RB3t[1@'bﬂ§6nﬁ€ﬁoéogpﬂ&i\leolﬁfé%l%e%’ ﬁ'%esraeicil "econd

said plurality of conductive [oops are arrange
pluéﬁhllﬁlépgmﬂ ¢legntone i nsi de anot her, and said coil
el enents form ng the outernost conductive |oop are
electrically connected so that the current passing

9. t heAataBpHUEB atdordifg kEVIBHS 6, WRraihi shi Joﬁ@ﬁ@tfvlé%(ﬁgl 3 blr¥nged
of the current passing through the inner conductive

subsigBpa s enagnstds anesliss adethal spesingtoif vgidnergheleinentsi fehdling the
- ' - 10k ze cross _coupl | effects by .

T RN N —
formirgy othéy; cowdREee |@Bk GoMsUibaintieyseOtheCRRRIY T th@OBRmating

magnetic field at its center.

10. An apparatus according to claim 1, wherein the electrically connected said
first plurality of coil elements and said second plurality of coil elements form a single
coil having a continuous electrically conductive path, and further including a resonant
circuit electrically connected to said coil and forming a magnetic resonance radio

frequency probe.

11. A radio frequency probe for magnetic resonance measurement for determining
the mass of samples in a production line having a direction of travel, comprising:
a first plurality of coil elements substantially in a first plane in spatial relation

with the production line; and,

14



are arranged substantially one inside another, the

apparatus further including a first passive shadi ng
w@iok/1imweper ati ve associ ation with the out er nBGL/US2004/020890

conductive |oop formed fromsaid first plurality of

COig scBbRIBILS: by Bq SRk 4

e P s 7 3e05 ey el second
plurk by ffcor reban ditoete atdcallysmaoende doloy mad int gneaff substhntially parallel

el ements. 9. . ppar at us accardi.n o cl.aim®6, .
and\}?ﬁ@.ﬁaﬁ%ﬁu{&amﬂgﬂﬁ’?@ﬁ&‘e{* itg,@qpag tigp Lm%pfagﬁrg Bectlon.of travel, said
secotdbRhAMEy) 8f L1 eRfch Séeﬁ?rat%a G IR saidamdt fsyﬁ?alﬁggﬁ'c'ag Adments
sai'd coi’l elements formng the innernost conhductive
allovorgothe sahpie $1 the paplukaogbre tiivbairfidve thepabbnigoglasstirahigh the

coi.l elenents formn ng.other conductive | 00 0 as t .
sepft i 3t S S RRFII FoUr deRans A s ot aifalbeor coi
elerfdr®d fibatantifisy GRML®Lctedl0- An apparatus according to
claim1, whérein the electrically connected said first

plurality of coil elenents and said second plurality
of coil elenents forma single coil having a

conti nuous el ectrically conductive path, and further
including a resonant circuit electrically connected to
said coil and form ng a magnetic resonance radio
frequency probe. 11 . A radio frequency probe for
magneti ¢ resonance measurenent for determ ning the
mass of sanples in a production line having a
direction of travel, conprising: a first plurality of
coil elenents substantially in a first plane in
spatial relation with the production |line; and,a
second plurality of coil elenents substantially in a
second pl ane, said second plurality of coil elenents
el ectrically connected to, and in one of substantially
paral | el and perpendicul ar spatial relation to the
production |ine planar direction of travel, said
second plurality of coil elenents separated from said
first plurality of coil elenents allow ng the sanples
in the production line and airflow t hereabout to pass
t hrough the separation of said first plurality of coi
el ements and said second plurality of coil elenents
substantially unobstructed. ‘



