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Usi ng Nucl ear Resonance" FIELD OF THE | NVENTION 5 The present’ i i
relates to the practical use of nuclear resonance for naterial
identification and nore specifically to the use of nucl ear quadrupole
resonance (NQR) and nucl ear magnetic resdnance (NVMR) in the detection of,
anongst ot her things, explosive and narcotic substances. Throughout the
specification, unless the context requiMEsgot herwi se, the word 10
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but not the exclusion of any other integer or group of integers.
BACKGROUND ART 15 It is described in the paper by Carr, "Steady-State Free
Precession in Nuclear Magneti €lHeDd@RTEE INVENYEDHal Review, vol. 112, No.

5, 1958, t ha radi atjon of rescr{bed substance with
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(Kuznetsov and Kobl ev), US Patent Specification No. 5,365,171 (Buess et
al), and i hhronehpeplie speciiigatian unlessBhey siootext requirés cthéraise, dhet Wwerd
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by undesi rabl .effects such as intensity anomalies. Intensity anonalies
ari se fromq)ﬁ:@lswn of any other integer or group of integers.

BACKGROUND ART
15 It is described in the paper by Carr, “Steady-State Free Precession in Nuclear
Magnetic Resonance”, Physical Review, vol. 112, No. 5, 1958, pp. 1693-1701

that irradiation of a prescribed substance with so-called “Steady-State Free

Precession” (SSFP) multi-pulse sequences, under certain conditions, produces
an echo signal in the form of a non-decaying chain of signals from the prescribed
20 substance. Consequently, such multi-pulse sequences have been used
effectively in nuclear quadrupole resonance (NQR) for detecting explosive and
narcotic substances, as described in SU Patent Specification No. 1,824,559
(Kuznetsov and Koblev), US Patent Specification No. 5,365,171 (Buess et al),
and in the paper by Rudakov and Belyakov, “Modifications of the Steady-State
25 Free Precession Sequence for the Detection of Pure Nuclear Quadrupole
Resonance”, Journal of Physics D: Applied Physics, vol.31, 1998, 1251-1256.

However, the use of SSFP multi-pulse sequences is hampered by undesirable
effects such as intensity anomalies. Intensity anomalies arise from the

30 dependence of the observed signal ampiitude of the echo signal on the offset
from the NQR resonance frequency. This dependence is cyclic in nature, and the
repetition period equals the inverse of the interval between pulses.



30 dependence of the observed signal anplitude of the echo sigmalb &fRt B&d4
offset fromthe NQR resonance frequency. This dependence is cyclic in
nature, and the repetition period equals the inverse of the interval

bet ween pulses. - 6 APR 2004 -2 Intensity anonalies are undesirable and can
arise in particular when detecting expk@sives and narcotics by NQR or NWVR
net hods due to tenperature variations and/or other factors such as

t enper at ur einggrftyeorh AdO8Re LRBeSIHIE 3MRCdan afis¥ ShPdridfal WRERI ddt€&ting
crystalline phase and pressure. 5 The reason for this 1s that the nuclear

quadr upol e @¥des¥eE and naremies byi NQReNNEmethrds dee teetepepearature vatiations
subst ance, I e other factors and hence the rgesonance
Frocuancy vATWBE GthEP (heteRe cihe | AiMGiEBIre SR ek 158 R es )
has a tenp%@swlmedﬁmmidegpﬁ?lﬂlallﬂh@m@%dﬁr%@ﬂ@l*’ec.i es 10 of NQR lines of
nore thapn 100 Hz/[err]K and tor cyclonite (RDX) it is nore than 400 Hz/K

In view ®f the effect of intensity anonalies, very precise tuning of the
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order to obtaint maxi num echo si' g e val f

t he transm degeretunt ey thestdrhperatarsecf & sibstdnensiasywell abhthesé witlaér faatorgar y
according to %he varjations in tenperat uihe. Jn the Kuznetsoy and Kobl ev SU
Patent No. dNGJIEnEsothe; F?éwaﬂp%\ﬂ%rp%vw Gift wi Effmﬂ?rﬁéﬂfiené:qfrﬁ”@ﬁ%@‘?y
anonal i es i : j IS i i

sequence ofﬁlcr:]gﬁgglg%bégalr\gg?ﬁfgﬁé’?p? Fé{gﬁé;ﬁgf)e &adr?zog ré%%deﬁc??fgéﬁﬁé&ecﬁ?%d r,
provi di hg asoERclinssyofamoes tifant Ha0 BRFK angéar dyelahite-(ROXA), it is, maresthanddG t he
nunber of CME)ORS (or alternatively: [0- v], ). 25

In view of the effect of intensity anomalies, very precise tuning of the transmit
frequency in relation to the resonance frequency is required in order to obtain the
15 maximum echo signal. Hence, although the value of the transmit frequency is the
same, the intensity of the signal can vary according to the variations in

temperature.

In the Kuznetsov and Koblev SU Patent No. 1,824,559, the following method of
20 eliminating intensity anomalies is suggested. The prescribed substance is
irradiated with a sequence of coherent pulses with a flip angle ¢ and a repetition
period 7, providing a basic sequence of the SSFP type:
[z/2-0-2/2],,
where »n is the number of cycles (or alternatively: [0 -], ).
25

The irradiation is carried out in series, with the carrier frequency of each

sequence corresponding to one of the following values:
2
feand f, =,
T

/o being close to the resonance frequency of the substance being detected.

30



The irradiation is carried out in series, with the carrier freqyea x o
each sequence corresponding to one of the foll ow ng val ues and PBZ&E@
being close to the resonance frequency of the substance being detected. 30
6 APR 2004 -3 If no signal is observed when irradiating with a sequence
with the carrier frequency f[err], ther3t-he sequence with the carrier
frequency f[err] is used. Z2 The difference in these carrier frequencies

cor r espondsiftgo tdignali fsf ebsased Wheat RRMate vxflﬂ\e%ll%ﬁueﬁée WhirC hh@ dEhieum
intensity signal is observed and the frequency at which a mninmumintensity

ot ai scover SR o i M A R AL LR R T ool Rt he

ti me of observatlon i ncreased twofold. 10 The Buess et al US Patent
Specification No. 5,365,171 describes the use of a conbination of phase

alternatio I d 0 ul uence
(NPAPS) i TR paTeRHEC i el S i RAGRIRS oo R BRI B TS
prescri bgd isethsicarthe freqmugfatt wihictbe rdgkiating thtehsityosignalsisidhsbived dmethe
transmt fr quenc&laﬁﬁ In this case, if a_maxinmum signal is observed in the

PAPS obser vEEAYSNA 3iYWHEN amERmEM{niensitn Siorai 4 omewege“ﬁmv@dues@rlh%
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intrinsic limtation of this nethod is that it can only recover 11 or
approxi mately 70% of the maxi mum avail able signal by virtue of the

10 The Buess et al US Patent Specification No. 5,365,171 describes the use of a
combination of phase alternation pulse sequence (PAPS) and non-phase
alternation pulse sequence (NPAPS) which permits irradiation of an examined
specimen in which a prescribed substance is sought to be detected without
switching the transmit frequency.

15
In this case, if a maximum signal is observed in the PAPS observation window,

then a minimum signal will be observed in the NPAPS observation window.

Consequently, the total signal intensity is V2 times less than (or approximately
70% of) the maximum possible intensity achieved when using the sequence:

20 [¢/12-0-7/2],.

In other words, an intrinsic limitation of this method is that it can only recover

1142 or approximately 70% of the maximum available signal by virtue of the
summation process of the two pulse amplitudes, whatever the pulse spacing.

25
Thus, the use of the above methods for reducing temperature variation or other
effects that cause the intensity anomalies for a preset number of accumulations,
is associated with a decrease in the net intensity of the echo signal as compared
with the maximum observed when using a sequence of identical pulses of the

30 type:
[z/2-8-7/2],.



summati on process of the two pul se anplitudes, whatever the pul §eAg%a@Uf"ug.
25 Thus, the use of the above nethods for reducing tenperature variation or
other effects that cause the intensity anomalies for a preset nunber of

accunul ations, s associated with a decrease in the net intensity of the
echo signal as conpared w th the nmaxinudh-observed when using a sequence of
I dentical pulses of the 30 type: [z/2---B-z/2]" . 6 APR 2004 4 A problem

with the use of multi-pul se sequences in both NQR and NMR, however, is
their connection w th undesirabl e phenonena such as probe ringing caused
by transi enf piobieBswihi ther neer ok ridirpulse sequencemdn rhafheNedt amst NMR5

ringing. Th rat i | S r ' ringi .
frequenci es Quaveh et cdrlRRRLA WerP b 3BE EeRiBehn SLEE el Phe Mok per
by Rudakov @adsed/bshxbhsieni processss linied rés@ihcexgipduityemidamadaetvacaussc
Vol . 38, _No. 6, Part 1, 10 744-745, 1995, and the frequency and phase of
osci | | at Pon@"APG determined by the transnit frequency of RF pul ses.

Magnet oacoustic ringing in NQR and NVMR is created by ferronmagnetic
(metallic or ceram c) specinens, which can occur inside a specinen that is
scanned f or Tha Slutalier of fpnsknt presessss of peoh@ dagingbaid NP Stegyneacieshean

nat ure of magnetoacpusti ¢ ringi ng i,n NOR and N Is linked with re-
orientati onre%f:ﬁn%ld?fg?éﬁ Cg(mﬁ‘irﬁieq%ﬁd_ﬁaaﬁ&'?‘é‘éﬁ?exmeﬁ'ﬁea%pffn@érF‘;Lfdr?é‘_OlVrﬁ'PdJ_ence
of a pul seRikhitbevitR SHINMENMRENEEpetinflral ﬂmﬁcﬂmgt R %/dl."B4, %.COB];,':%??;" on

of domains 20 occurs as periodical oscillations, requency
coi nci déd w4 7dhe 1990 cqie iy fislquehey RRdphasesof obeillatiomsi areodetitrhimeidobys

G asi pati ort Pari PGl REgYiee™: 7 ocue Ty damping down due to

Magnetoacoustic ringing in NQR and NMR is created by ferromagnetic (metallic
or ceramic) specimens, which can occur inside a specimen that is scanned for

15 detecting the presence of a prescribed substance.

The nature of magnetoacoustic ringing in NQR and NMR is linked with re-
orientation of magnetic domains in magnetised materials under the influence of a
pulsed radio frequency magnetic field. The change in the orientation of domains

20 occurs as periodical oscillations, the frequency of which coincides with the
frequency of the RF pulses. The domain oscillations continue after the end of the
RF pulse, gradually damping down due to dissipation forces inside the magnetic
material and the loss of energy by electromagnetic re-emission. This re-emission
can last for several milliseconds. The value of the signal induced by re-emission

25 can be greater than the NQR signal from a prescribed substance. The frequency
and phase of this signal depends only on the transmit frequency.

In the Buess et al US Patent No. 5,365,171, it is suggested to use the following
method for the aforementioned combination of NPAPS and PAPS to eliminate
30 probe ringing and magnetoacoustic ringing:

[0y ~7 =8 —71,[0p —7 6,0 —7],-



material and the | oss of energy by el ectronmagnetic re-emni ssion. Thif APR 2004
re-emssion can last for several mlliseconds. The val ue of the signal

i nduced by re-em ssion 25 can be greater than the NQR signal froma

prescri bed substance. The frequency and phase of this signal depends only
on the transmt frequency. In the Buess-é&t- al US Patent No. 5,365,171, it
is suggested to use the followng nethod for the aforenentioned

conbi nat i onAgfis BRAES ianle BARSs &l 4tljatemad c;fﬁf&tlﬁhoﬂ% Ha@ﬁbft%c@ﬂgtlc signal
nmagnet oacoustic ringin |l oo -2" 000 -r]0[000 -z-0 ,. 6 APR™2004 -5

As is statebes the sempphase @s the iHaldRE psissci f i cat i on, the magnet oacousti c
signal has the sane phase as the initial RF pulse. The NQR signal contains
two conponents: free induction decay and echo, with 5 the induction signal

al ways bei nghé INQRasignaii ddmtdihe tRe domhseneragdiréd ihdiefion Sicgag!areeédtnb, Mith out
of phase_to the i nthCtI 0 ﬁi gnal when irradiated with NPAPS and in phase
when i rr 2di Hedadystian papal alwhys peing) Itlint@sgivgtththed%%géhesaadttaﬁ@cmﬂgnal

oo nat! onbéiho 1l 8F phaaR) tho AidiRroR Rt WRE iR pRey TRAINGEARSS

ringing, which“are then rocesse he "si S receive er the
NPAPS 10 0ligOphard wwheanidradiated mttPRPS’SlOUh@uesmﬂngrsagmq;edsemtged lee mpdend
subtracted fI’OhT] t.h fﬁtﬁw recei ve after th?) NPAPS 000 pul se.. The result
is that bot FPTREAUPHY hQHdS'Qﬁ'@ #f1%h gPe Buf'gg'égeaegnﬂa@f‘ét%acé%q'%ded
fromthe tofding) WHigh-ard e prdyasd a@taﬂt FHid §apﬁ§rfsheée.wédtahertn§hbﬂfps
decrease of the intensity of the 15 €cho sig that occurs due to
excl usi o8 of,t hulseratucthiedwosPHREl €, putses amrmlxt@'j tagetherudreesusrpcted &onf 000
‘r -00 -Z]n[Op. -r-0180 is a conqtg)l nation of sequences of the SSFP type,
Wi t h phase tarosighabsectived \adter thes NIRARSBCH , spaisendhe Femiiit Ehaisat botbntie es
are di scussed in the book by 20 Ernst, Bodenhausen and Wbkaun, Principles
of Nucl ear ingyelian ankEringiog inputs are completely excluded from the total signal.

The disadvantage of this method is the further decrease of the intensity of the
15 echo signal that occurs due to the exclusion of the induction signals.
Furthermore, the pulse sequence:
[y ~7 -6y —7],[0p —7-6,,-7],,

is a combination of sequences of the SSFP type, with phase anomalies observed
inside each sequence. Such phase anomalies are discussed in the book by

20 Emst, Bodenhausen and Wokaun, Principles of Nuclear Magnetic Resonance in
One and Two Dimensions, Chap. 2, Clarendon Press, Oxford, 1987.

Thus the phase correlation between the induction signals and echo signals,
established in the Buess et al Patent Specification No. 5,365,171, is only true for
25 exact resonance, as well as for transmit frequencies offset from the resonance

frequency by the value 4f so that the relation Afr=m is true, where m is an
integet. If the above phase correlations at Afr =m are not complied with, the

signal is further decreased because the suggested scheme of accumulation
ceases to be optimal.
30



One and Two Di nensions, Chap. 2, Cdarendon Press, Oxford, 198anTmm? %mﬂ
phase correl ati on between the induction signals and echo signals,
established in the Buess et al Patent Specification No. 5,365,171, is only
true for 25 exact resonance, as well as for transmt frequencies offset
fromthe resonance frequency by the valkée Af so that the relation dfr = m
Is true, where mis an integer. If the above phase correlations at Aft :#

m are not cwiwl ieedetl tbithetdpplicaticngl NMR fdstihancteaeRaa6 RRFHS Qafidifon
suggest ed schene of accunulation ceases to be optimal. 30 -- 6 APR 2004 -6
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i ntensity vardatli i I &t I n the I cC magnetic
fleld is al SooNBRariEHy TRt orng ierkisibhay iuls SuahEber the

af orenmenti oned pul se sequences. SUVMARY OF THE INVENTION It is an object of
this invention to increase the accuracy of detection of prescribed
substances such as, but not IMM&MMSW% and narcoti cs,
in specinme PRk : Q&ﬂgf

usi ng nucl’gzsralﬁgsonaﬁgtem%w’ﬁﬂggxwgéa%%@?s a p%?gﬁrggﬁ%%ﬁgc of

t he presentsubsiamasosutio asebutomet ilimiteds &,ecertaifr explogivebeand ngroadicanih

magnet oacoustic ringing to engble the accurate tection, of, prescribed
sugstances %R&%“&E%gﬁ pﬂfﬁde}”?tﬁi ﬁ’rgﬂ'of‘ﬁﬁ( I@E?W%i"?&@?%?é’éi tggSama r4sig cs,

in a speci NRiclgs! RBoRHAELaNCHK GBS NN NMR. i s a further, or alternative,
preferr$g obj ect of the present invention to
It is a preferred object of the present invention to overcome interference from
probe ringing and magnetoacoustic ringing to enable the accurate detection of
prescribed substances such as, but not limited to, certain explosives and
narcotics, in a specimen using nuclear resonance.
15
[t is a further, or altenative, preferred object of the present invention to
substantially overcome or accommodate the temperature effects or the effects of
other intensity varying mechanisms arising from detecting substances using
muiti-pulse NQR or NMR.
20
These and other objects of the invention are accomplished by the use of a pulse
sequence comprising a plurality of pulses which irradiate the nuclei of a
specimen in which a prescribed substance is sought to be detected, to produce a
plurality of nuclear resonance echo signals in the prescribed substance if present

25 that can be detected and analysed.

Thus, in accordance with one aspect of the present invention, there is provided a

method for detecting a prescribed substance in a specimen, comprising:

30 irradiating the nuclei of a specimen in which a prescribed substance is sought to
be detected, with a pulse sequence comprising a plurality of pulses, wherein the

pulse sequence includes pairs of pulses offset from each other by a prescribed



substantially overconme or accommodate the tenperature effects’o@iﬂpﬁ 2004
effects of other intensity varying nmechanisns arising fromdetecting
substances using nulti-pulse NQR or NVR These and ot her objects of the
i nvention are acconplished by the use of a pulse sequence conprising a
plurality of pulses which irradiate the-duclei of a specinmen in which a
prescribed substance is sought to be detected, to produce a plurality of

nucl ear respimasec shificttopridieal & pluralifeophaslest besbriatest seHe sighaly f#68Nthe 25
that can be det ethfd and anal ysed. Thus, in accordance with one aspect of

the presentPiesGERRY SHoStanes df PesgnbAded a nethod for detecting a
prescribed substance in a specinen, conprising: 30 irradiating the nucl ei
of a specinen in which a prescribed substance is sought to be detected,

wi th a pul sanalgsjngtiee echorpignsisiy detpttthelgreyerde giithe esesorbedesubstdree. pul se
sequencesi ncl udes pairs of pulses offset fromeach other by a prescribed 6
APR 2004%-7 phase shift to produce a plurality of nucl ear resonance echo

signal s fropytifahg RTREE é@&%@é@@%ﬁ%&%ud& @Pﬁ.gﬁlﬂg ?of@{‘déle%f?%%&iéa;}%et Shgecho

signals to detect the presenc e prescr ubst ance. using a
pul se sequesigealshas gppodedde asipble alicleqr tésomacke sachpesigmairtbat adses from

[ | s, j I . ' | that [
from usi no ne Rufer i PARSRRRRS smBnalieh Bh T basic ool QUBRsBIgReE s
sequence, ahightgsighalsbgidie FRiosirstse bakicPed AMhRe FFEIGERONWIEAYr reBSnai@duced
nucl ear resonance 10 signals, enabllng@the echo signals to be analysed to

detect 18e gigRalenepablincathe,eeke signals dahsa analysed to Histeglcbienpriesence of a
irrespectiv, : h 0
|t enei ty oireSRibet sfibaiffite 3 the TBLRH JrsBRRebine i) br Mwbifituee
sequence i sambotter fiattors o the intensityaf tivel haeleanrddorphas @ehofsigrks.adj acent
pul se pairs offset by 900 of the type:
Preferably, the pulse sequence is constructed with pairs of pulses with phases of
15 adjacent pulse pairs offset by 90° of the type:

[c/2—(0-A4r~0), ~7—(0—Ar—6), , ~7/2]

90° n’
and the transmit frequency having an offset relative to the resonant frequency of

an irradiated nuclei of the prescribed substance.

20 In accordance with another aspect of the present invention, there is provided a
method for detecting the presence of a prescribed substance in a specimen
comprising:

transmitting a multi-pulse sequence at a transmit frequency to irradiate nuclei in

25 a specimen therewith, within a set temperature range;

receiving and analysing nuclear resonance echo signals issued by any resonant
nuclei within said specimen irradiated by said multi-pulse sequence to detect the
presence of the prescribed substance in the specimen; and

30
wherein said multi-pulse sequence comprises paired pulses with phases of

adjacent pulse pairs offset by 90° of the type:



[r12- (O dz-O00 -z-(Odr-090, -rl12], and the transmt frequergmfg ﬁpﬁi an
offset relative to the resonant frequency of an irradi ated nuclel of "the
prescri bed substance. 20 In accordance with another aspect of the present

i nvention, there is provided a nethod for detecting the presence of a
prescri bed substance in a specinen conp8i-sing: transmtting a nmulti-pul se
sequence at a transmt frequency to irradiate nuclei in 25 a specinen

therewi th, wthip a et A£Dppraturg randg; recehving and anal ysing nuclear
resonance echo signal's issued by any resoffant AUcIei within said speci nen
irradiated by said multi-pul se sequence to detect the presence of the
prescri bed substance in the specinen, and 30 wherein said nulti-pul se
sequence cobiif itraesnplireeuenay kassamioffsebinasiationfto thejpaedsterminedgepanance

%1 57n;  ar te ekl R TR E, didhe prdsr el RS ot (o e

predet er & ned resonance frequency of irradiated nuclei of the prescribed
substance; and 5 sai d anal ysing_invol ves perform ng a Fourier transformon
the recei vedRIRRNAAEING invobiesRefRENBY & Gadrier, trargfpan an the maejvadhaedeat ho

signals falld g W= r ngi t [ nce
frequenci esljelgé3 H?Pr‘\er:%géidg]to ea'gﬂﬁ&éﬂgP%%?)@%EF Igé)gcé; %bﬁg %gﬁgltsa%é%ﬁer‘{v ! ﬁgr&get

t enper at ur enarang eharahdandee wotr@spongiagi gthcheesmrginet efreguertias of dnadiated t h
set reference val pes, corres OBdi to said prescribed substance to

det er mi ne WPRRFPT 8] pﬁ?%‘é@’ﬁ b%@%ﬁﬁ%@ dncBe; set {nraRraturg, range. iands thep

speci mefg | shrhPand B eégisteRed BahS 8t 96 &t oSl Vany SS&dfiidling
create additional "echo
to said prescribed substance to determine whether said prescribed substance is

present or not in said specimen.

In this manner, the paired pulses of the multi-pulse signal create additional echo
15 signals in observation windows of the sequence, which increases the intensity of
the received signal.

Preferably, the method includes receiving said nuclear resonance echo signals in
all observation windows of a multi-pulse sequence, corresponding to time
20 intervals between adjacent pulse pairs, and said analysing includes summing
said time intervals in each window to obtain a resultant signal and subjecting said

resultant signal to said Fourier transform.

In this manner, the Fourier transform distinguishes the nuclear resonance echo
25 signal issued by any prescribed substance present in said specimen from probe

and acoustic ringing by differences in frequency.

In accordance with a further, but not necessarily essential, aspect of the

invention, there is provided a method for detecting a substance within a class of
30 explosives and narcotics, such as those that may contain a “~N, *CI, YK or

YCl nucleus in a specimen, the method employing nuclear quadrupole

resonance and comprising the steps of:



15 signals in observation windows of the sequence, which increfsABRt P
intensity of the received signal. Preferably, the nethod includes

recei ving said nucl ear resonance echo signals in all observation w ndows
of a multi-pul se sequence, corresponding to tine 20 intervals between

adj acent pul se pairs, and said anal ysing9includes sunmng said tine
intervals in each window to obtain a resultant signal and subjecting said

resul tant signal (d)Qepratirfgous | ﬁfocﬁﬁé{lﬁsét@éﬂy lsféatéhfr%e”gﬂ&%ssﬁmeRFO'-Hdls?é
transform di stingui shes the nucl ear resonance echo signal issued by any

prescri bed subst an@&@apeBeentaid Ris pllbespequanse ¢qrmlﬁtmgdhfepalm¢kjpdeems$a@

necessari |y essont b et BRSERCRE SPuBEERIEING Brli Sobe dlibiGhipdtitr hoc

for detecting a sulpalismseparation and preasierdinedoregubmy m@twsha@a’@péam
such as those that may contain a "4N, "O, 11K or Cl nucleus in a

speci mend t he net h&yesnpaitgd pylsauef said Rﬁmﬂamaemenoesmiag(ﬁhlfmw 96?)nmlth si ng

the steps of: 6 APR_200 ) nera |n stead state

b ecesst on R pul seeoeey o senh o Bt et Sl BicRuRe seatielcs) Gresi r e
pul ses, each palr@écnubmgeqffm%aﬁedsm%ﬁ%fhﬁe%nﬁ phagesaﬁi%t|ehré\id on,
paired pulse separation and predetermn ned frequency, and t he phase of each

5 even paired pul seul¥e separalpn fngidesaiddqadiedpules;ng shifted 900 with

respect to each A S yence, wherein each
pul se of said pa@%@%ﬁ'ggg%'gﬁfé%&gggr%R%ﬁ%g{g,gaﬁc%eoget’i on and pul se
separ at 10n i nsi dig) seadiating rth snmbﬁﬂen (ith saidnRA gulse gegaesbeRirapsinittad to

sequence to a probe; (iLO C) di at@glg the specinmen with said RF pul se
sequence transnitt &¢q Bro aﬁtd?' sise said step (b);

(d) detecting nuclear quadrupole resonance echo signals between paired
pulses of said RF pulse sequence transmitted to said probe in
response to irradiating the specimen at said step (c);
15 (e) summing all said nuclear quadrupole resonance echo signals to
generate a resultant signal;
(f) subjecting said resultant signal to a Fourier transform;
(g) generating a Fourier transformed signal as a result of said Fourier
transform;
20 (h) frequency filtering said Fourier transformed signal;
(i) comparing a signal obtained after filtering at said step (h) to a
predetermined reference magnitude; and
(j) signalling when said filtered signal exceeds said predetermined

reference magnitude.

25
Preferably, said pulse separation inside said paired pulses is much less than said
paired pulse separation between neighbouring said paired pulses.
Preferably, the lowest frequency of said filtered signal is about 0.5-1.0 kHz.

30

Preferably, said predetermined frequency of said RF pulse sequence is set near

to a nuclear quadrupole resonance frequency of a quadrupolar nucleus such as

“N, PCl,¥Kor (I in said substance to be detected.



(d) detecting nucl ear quadrupol e resonance echo signals betweeh pahPBdZif4
pul ses of said RF pul se sequence transmtted to said probe in response to
irradiating the specinmen at said step (c); 15 (e) summing all said nuclear
guadr upol e resonance echo signals to generate a resultant signal; (f)
subjecting said resultant signal to a Fol0+er transform (g) generating a
Fourier transfornmed signal as a result of said Fourier transform 20 (h)
frequency filtering said Fourier transforned signal; (i) conparing a signal
obtained after filtering at said stepegh) to a predetermned reference
magni t ude; Brefergb)y. ssaigh Subsiancahtenbe Halestert earaprisssy Al explesieri o riregotic
predet er m ni%dl tef enpgnce el nitude. 25 Preferably, said pul se separation

i nside said 8é'idr"]§jap JBE§S nuch 1ess than said pai red pul se separation
bet ween nei ghbouring said paired pul ses. Preferably, the | owest frequency
of said filtered signal is about 0.5-1.0 kHz. 30 Preferably, said

pr edet er & nRteferedhiusnid spibstamice RFbe latected urmpudses apeexphesive or daicotic| ear
quadrupol e r elsonancg5 reqLiency of a quadrupol ar nucl eus such as 14 N,
35CL , 39K IBFIUPNGA “iGf BYFIBUS st ance to be detected. '- 6 APR 2304 - 10
Preferably, said substance to be detected conprises an expl osive or
narcotic including a 14N nucleus. 5 Preferably, said substance to be

det ect ed confsferably, aaid subsetance tor baatatetted comptiset ag expldive e | rersotic
Preferably,, suhst ance to be detected conprises an expl osive or

sai
nar cotic mcl%d?ng a ~'Cl nucleus.
10
Preferably, said substance to be detected comprises an explosive or narcotic

including a * K nucleus.

In accordance with another aspect of the present invention, there is provided an
16 apparatus for detecting the presence of a prescribed substance in a specimen
comprising:

generating means to generate a pulse sequence comprising a plurality of pulses,
wherein the pulse sequence includes pairs of pulses offset from each other by a
20 prescribed phase shift;

irradiating means to irradiate the nuclei of a specimen in which the presence of a

prescribed substance is sought to be detected, with said pulse sequence; and

25 analysing means to analyse any echo signals produced in the specimen on
irradiating same with said pulse sequence to detect the presence of the

prescribed substance;

wherein the pulse sequence is of type that is capable of producing a plurality of
30 nuclear resonance echo signals from the prescribed substance, if present in the
specimen,



including a "d nucleus. 10 Preferably, said substance to be detgcipgd opn4
conpri ses an explosive or narcotic including a 39K nucl eus. In accordance
wi th anot her aspect of the present invention, there is provided an 15
apparatus for detecting the presence of a prescribed substance in a

speci men conprising: generating nmeans 4Pl generate a pul se sequence
conprising a plurality of pulses, wherein the pul se sequence includes
pairs of pulnsgscordangs with GctRsaspclebf e Preséht PRVBAGSH RBErPRANBVIBH dn
irradiating means to irradiate the nuclei of a specinmen in which the
presence of appargiusstaridaiectinteapmsense afuayhrescsibpd substancedn avspacisg

pul se sequq&ﬁﬁ'ﬂgﬂg.ZS anal ysi ng neans to anal yse any echo signals produced
in the speC|neH on irradiating same with said pul se sequence to detect the
presence of the prescribed substance; wherein the pul se sequence is of
type thaf is agﬁble of producing a plurality of 30 nuclear resonance echo
si gnal s ProMuthieUSE cSRqYaNEs gemRBHNAE eneans dpegengrate a eLlti-pulss seAUence APR

00 | eaR BR800 kB BEERF BB 0By

subst ance ifype: speci men conprising: 5 nulti-pul se sequence generating
means to generate a multi-pul se sequence conprising paired pulses with
phases of adjacent pulse pairs offset by 90 of the type: [z/2-(0O Av-0OO0.

- (OA--9)90, 12h2 B AP-0), —c-@-4c-0),, —7/2],;
10

transmitting means to transmit said multi-pulse sequence at a transmit frequency

900

. offset in relation to the predetermined resonant frequency of irradiated nuclei of a
prescribed substance to permeate a specimen and accommodate any intensity
variation mechanisms;

15
receiving means to receive nuclear resonance echo signals issued by any nuclei

within said specimen irradiated by said multi-pulse sequence;

analysing means to analyse said received resonance echo signals and establish
- 20 whether any of received resonance echo signals indicate the presence of said

prescribed substance in said specimen; and

alarm means to issue an alarm in response to said analysing means establishing
that some of said received nuclear resonance echo signals indicate the presence
25 of said prescribed substance in said specimen;

wherein said analysing involves summing all said nuclear resonance echo
signals to generate a resultant signal, performing a Fourier transform on said
resultant resonance signal, registering only those signals falling within a narrow
30 band range corresponding to the resonance frequencies of irradiated nuclei of
said prescribed substance in the set temperature range, and then comparing the

registered signals with said set reference values corresponding to said



transmtting neans to transmt said multi-pul se sequence at aitanem pops
frequency offset in relation to the predeterm ned resonant frequency of
irradi ated nuclei of a prescribed substance to perneate a speci nen and
accommodate any intensity variation nmechanisns; 15 receiving nmeans to
recei ve nucl ear resonance echo signals 4i%3ued by any nuclei wthin said
specinen irradi ated by said nulti-pul se sequence; analysing neans to

anal yse sai greseflipéd edbstanostndetcrainge MhafidrsapPreastipbd sabstarbe Wpidaeht any
of received resonance echo signals indicate the presence of said

prescri bed QUBRLIASRI SPEEMRED. speci nen; and al arm means to issue an alarmin
response to said anal ysing neans establishing that sone of said received
nucl ear resonance echo signals indicate the presence 25 of said prescribed

ar . nuct carFcuopraRgy WERas Y FiF sReRFLS g AR, S BUGIERE N e S n

perform &g eompariset tor prsfiousty omentibAed r phcH tANttetiRsigiésCcandi #ngdractice
regi stering oql%ethose signals falling within a narrow 30 band range
cor r espondi F¥FIHELS irepaibh Yarations dygete tersperatiner gamngasd and cotber drtensity d

prescri bed mfoﬂ%@cﬁﬂ\iéﬁg set tenperature range, and then conparing the
regi stered signals wth saird set reference values corresponding to said 6

APR 2004 -12 prescribed substance to determ ne whet her said prescribed
substance is present or BRIEFiDES@RIPT®NIORETHE DERAWMGSach i ncreases the

i | -t Q- nQj 10 b [ ly [[F2 tin [ S ! | ] L
o anel 5SS SRR SRR e M P deieten of
Intensity Vghe preferad ‘Eﬂ@d&nﬁeﬁﬂﬂférééﬁme‘g:@%ﬂéﬁoﬁ%n%g%%m rF&ERPLL Yo the

vari ation mechani sns. BRI EF DESCRI PTI
accompanying drawings, wherein:

FIG. 1 shows a block diagram for the present invention embodied in the
15 form of an NQR system;

FIG. 2 shows a timing diagram of the modified version of the SSFP
sequence of the type: [z/2~(0-Ar-6) , —7—(0-47-6),, —7/2],;

9p°

20 FlG. 3a, 3b and 3c show the picture of the echo signal in the time domain,
received using the sequences NPAPS, PAPS and of the modified version
of the SSFP sequence of the type which is the subject of the present

invention, respectively, for two discrete transient frequencies;

25 FIGS. 4a and 4b demonstrate the nature of the resultant signal with
respect to frequency, obtained after summing of the received echo signals
with frequency offsets corresponding to the multi-pulse sequences of the

type: [0, —7—-6, ~7],[0, —7-0

ot — Tl and

[2/2-(0—-A47-0), —t—(0—A7-6),, —1/2],, respectively;

30



10 The invention will be better understood in the Iight of the" ﬁO|A|P8Wi2%
description of one preferred enbodi nent thereof. The description is nmade
with reference to the acconpanying draw ngs, wherein: FIG 1 shows a bl ock
diagram for the present invention enbodied in the 15 formof an NQR
system FIG 2 shows a timng diagramof13he nodified version of the SSFP
sequence of the type: [z12-(B-dz-B)Ofl 20 FIG 3a, 3b and 3c show t he

picture of the eplm5SkEsRL iHe Ho@ribl- ?&%Fﬁi Bf _théepgdflﬂﬁtr%ﬁsfa&nbeesignau

sequences NPAPS, PAPS and of the nodified version e SSFP sequénce of

the type which i@btaieds bl geceiybdt NQRr eskat sighalsemixcited besthecseqeense f or
two discrete trapsi.ent, frequencies, 25 FI,GS. 4a and 4b denonstrate the
nature of the refdlzt_gtﬁt_éfﬁﬁgl] _\ﬁi_t(ﬁ_$%§82wt_f&]f’r@?ﬂlency, obt ai ned after
summi ng of the received echo signals wth frequency offsets corresponding
to the multi-pul se sequences of the type: [00, -z-B40 ---z-]n[O -r-Biso,

-r],,; asd [zl 2- KiB.6z dBirthstratdsBth FEIRISpetiram of 1S PRetibY Afahsfdthed 6
APR 2004 -13 FIG 5 shows the Fourier-spectrum of the Fourier transforned

si gnal  obt ai nedsigegl eligivieddar rorRIVEEHIQER geho signalsi cosespynding te s signeal

-r-(B-Ar-0)90, - = o nstrat he Fouri er - tr of
the Fouri er tran@%’bﬁeﬁdfﬂgﬁg\ﬁgﬁhgﬁgggne E%PSPE?E% & n%é&ezﬁgﬁeﬁﬁﬁﬁﬁﬂ]}e
cor respondi ng t opteserilsed)vabstahoe Fifter digifalilterigg.wi t hi n t he narrow band of

t he resonance frequency of the prescribed substance, after digital
filtering. 10 DESCRI PTI ON OF THE PREFERRED EMBODI MENT The enbodi nent is

directeqotovards a deyrSeriFTION G ¢HES PREFERRER EMBODIMENT

The embodiment is directed towards a device and method using NQR for
detecting the presence of quadrupolar substances, which exhibit NQR intensity
variations resulting from temperature variation and other factors such as
temperature gradient (across the substance), crystalline impurities, crystalline
15 phase and pressure. Such materials include certain types of explosives and

narcotics substances containing quadrupolar nuclei such as “N, *CI,*K or (1.

Specific examples would be RDX (C3HgNgOs) and cocaine (C17H21NOy).

As shown in FIG.1, in general terms, a device 11 for detecting the explosive or
20 narcotic substance includes a frequency synthesiser (FS) 1 which generates an

oscillating signal with a frequency £, close to the NQR frequency of the

prescribed substance sought to be detected. The oscillating signal is then
passed fo the input of a radio frequency (RF) gate 2, which is controlled by a
signal from a pulse programming device 3, to generate a programmed RF pulse
25 sequence at the output of the RF gate 2. The RF pulse sequence is then
amplified via a power amplifier 4 and is then passed to a transmit and receive

probe 5 disposed adjacent to a specimen being examined by the device.

The probe § includes an induction coil, which forms part of a resonance circuit,
30 so that a radio frequency magnetic field is created in the examined volume of the
specimen, on the amplified RF pulse sequence being passed through the probe.
The induction coil of the probe 5 is disposed so as to be coupled with the RF



detecting the presence of quadrupol ar substances, which exhi bit§ NG 2004
intensity variations resulting fromtenperature variation and ot her
factors such as tenperature gradient (across the substance), crystalline
impurities, crystalline 15 phase and pressure. Such materials include
certain types of explosives and narcotd B6-substances contai ni ng

quadrupol ar nuclei such as "N, 3501, 39K or 37Cl. Specific exanples would

be RDX ( C3HgRBABHC R cosateaein( tHe Hptitden if s8@Med inf! ROR dchodSigRaR!
ternms, a device 11 for detect] ng the explosive or 20 narcotic substance

i ncl udes a gerejataddy e presaribed gubsjancensought de her detesteshn ifob i presenhin
signal wt e to. NQR frequency of the prescribed
subst ance gtg%g%){aﬁﬁgggggyerﬁ%ﬁg%S‘gl%céﬁqggbi | lating signal is then passed to
the input of a radio frequency (RF) gate 2, which is controlled by a

signal froma pul se programm ng device 3, to generate a programed RF pul se
25 sequeécgq- g r?%V%@Nﬁ egihoy $ignads ganueged ¥ha reelar e amplfies; thenen

anplified vj o) il ' S ; ransm t.:

Focei ve prisos SRy ghalahl pekitime dRrtre iR ScbRubl iSRS
devi ce. Theinpludies digital ¢iltedeg neeansnduiter tine caxidivedibelod sigaahdopdhit pafpese
resonance circuit 0 so that a radig frequency. magpetic field is created
in the exarﬁeﬁ%r(?n%lvﬁﬁég%ﬁ a'f%‘éo%\’ﬁé(ﬁag%ﬁ?e Eﬁ?%ﬂ‘f?é Ggfﬁ?iinﬁgﬁir(?qﬂﬁni%?%rétﬁ@%'aﬁénce
bei ng passe tora ol E%%é o ki '

di sposed soﬂ’a"xsli*ﬂ;i %Ehéﬁgf%@@%gtnﬁl tQFhﬁgtla 6 dAgE rg%gén ?(ﬁﬁ érl@%%e%)?ﬁth% detﬁgr
creat ed10n gigeals posi-frequemsy sigoalsvremathe BQR U alfothe guadratuge draminets bye t he
prescri bed subst an sought to be detect, | f 4t Js present in the

e ned voRITHOGHY (he CRBkRhBrotesS U Y NPT ANalo8 8 dhy ey ed
to a recei vgigithl coMverdioR BHdrefSaddifnulafisie] &/ PufbORahsiant of #d Qibﬂﬁ|s and
quadrature detection. Accordingly, the receiver 6 1ncludes digita
filtering nisegigency filieringr the recei ved echo signal. For this purpose

reference voltages are conveyed to the receiver 6 fromthe frequency
synt hesi ser

15 The CPU 7 also controls the frequency of the oscillating signal output from the
FS 1, and the signal output from the pulse programming device 3 which controls
the switching of the RF gate 2.

After the pulse sequence has been applied to the specimen, the CPU 7 exfracts
20 the NQR echo signal in the preset frequency range proximate to the NQR
frequency of the substance sought to be detected, and compares the magnitude
of the extracted signal with a predetermined threshold magnitude corresponding
to that which would be expected if a requisite amount of the substance being
sought to be detected, was actually present. This threshold magnitude is set,

25 taking into account the relative probability of detection and false alarm rates.

When the predetermined threshold magnitude is exceeded, the CPU 7 activates

an alarm signal, which is conveyed to an alarm module 8.

30 When searching for several types of explosives and narcotics substances, the
above procedure is repeated for each substance sought to be detected, with the
FS 1 and probe circuit 5 being re-tuned to the frequency, corresponding to the
resonance frequency of the substance sought to be detected.



1, with the phase of one signal shifted by 901 in relation to-the\RFha§e} of
the other 10 signal. Low frequency signals fromthe output of the
guadrature channels are conducted to a central processing unit (CPU) 7,
whi ch perforns anal ogue-to- digital conversion, coherent accunul ation, a
Fourier transformof the signals and f+¢guency filtering. 15 The CPU 7

al so controls the frequency of the oscillating signal output fromthe FS
1, and the signal output fromthe pul se progranm ng device 3 which controls

the swi tchi Rgwodeddidi trgeah?etﬁodﬁbgﬁrazs%Bt&ﬁe h%@%?%ré&f%n%%ﬂn@ﬁpbf ed

to the specinmen, the CPU 7 extract echo sign I'n the preset
frequency rthegpreseokinntondnt merd\Gridil ¢loeiguise séqudrees apglicante theopgitte t o

be detected,_and conpares the ' e of the extracted signal with a

ot edet or m nEY APECIGRL sttt o BE SOH SepbRate e ban by R LI d be
expect edsi f [a/3 egl si-t anopnyy of sy nce being sought to be

det ect ed, vva[s actqﬂally gPesﬂnE? %ﬁitJ;%EOErle%Z%gl’d magni tude is set, 25 taking

i nto accounyhbhe or Bl ANippihdPBAGRDI- iéﬂﬁ_eQEté?@él%éﬂA@Bn?ﬂsféﬂ pilised, 3Mig Aes

Wien the predeterm ned threshold magnitude I's exceeded, the CPU 7 acti Vat es
an al ar m si igierval betivernitbe potsasywithin dhapair| aith 4o deing onsderdbbness dinerhi ng
for several types of explosives and nargotics substances, the above

procedur e i & rseii®dower indiees JibandndE sbayhthe: Bhate @fitbetleansmit twisee

FS | and pr@@@u%{dgcuit 5 being re-tuned to the frequency, corresponding to
the resonanc requency of the substance sought to be detected. - 6 APR
2004 - 1%0Now descri bi ng t he net hodol ogy associated with the preferred

2ppl 1 ed to AR, 962 L BolimmciagETS) o ngrversan sEabERaflieniee SOFP
described byedckokAkhas a'i'dﬁ[ﬁé@ir( %‘ie“Pr%)eé?rt éﬁbé@ﬁ@"‘-%@gﬁigygﬁﬁﬁ;shmr e 0

is aflipping angle, z is the interva tween palrs of is the
rectangular shaped pulses, any other pulse shape can be used.

15 FIG.3a, 3b and 3¢ show the trace of the NQR echo signals received, in the time
domain, using the sequences NPAPS, PAPS and
[2/2—(6-47-0), —t—(0-47-8)

o0 — 72, respectively,

for two values of the transmit frequency, where the subfigures (i) use the transmit

frequency £, =5.1865 MHz and the subfigures (ii) use the transmit frequency
20  f,=5.1871 MHz. These two transmit frequencies respectively correspond to the

maximum and minimum of the signal intensity when using NPAPS.

Experimental data obtained for RDX using the device 11 at a temperature of

23°C resulted in sequences being used with the following parameters: ¢ =30°,
25 7=08ms, Ar=0.2ms, n=50.

The use of paired pulses creates additional echo signals in the observation
windows of the sequence, which increases the intensity of the NQR signal. For
the example, as shown in FIG. 3c, the maximum intensity of the signal and
30 signal-to-noise ratio increases by 30% as compared with similar values when any

other sequence, PAPS, NPAPS or [7/2-0-7/2]  is used.



interval between the pulses within the pair, with Ar being cengi ARR afily

|l ess then -c¢, and the |l ower indices 0 and 90 show t he phase of the
transmt pulse frequency. 10 As nentioned, FIG 2 is a timng diagram of
the version of the particular SSFP sequence which is adopted in the
present enbodi ment. Al though FI G 2 shows16 rect angul ar shaped pul ses, any
ot her pul se shape can be used. 15 FIG 3a, 3b and 3c show the trace of the
NQR echo si ysabeldries bteikhat Whih e H 2Bhe #TBEHueHEd BEcdes 2adNaRFE o HRAPS,
PAPS and [r12-(9-dr-9)0. -z-(9-Ai--0)90. -r/2],, respectively, for two

val ues of tNEARAGAHENEr equency, where the subfigures (i) use the transmit
frequency f, =5.1865 MHz and the subfigures (ii) use the transmt frequency
20 f2 = 5.1871 MHz. These two transmt frequencies respectively correspond
to the naxFigure @ngamicolanlyrdeéfiotidteates QIﬁ@|imﬁf’d\%ﬁﬁéﬁt)flnv‘théﬂsiglﬁélft@-dw&‘@ﬁatio
Experi me taeh" ?ata Qbtajned for RDX using the device 11 at a tenperature of
23C resuPt effat I aRHeNaWheB &Sl thec®mbhatiaie fol | owi ng paraneters: 9 =
30", 25 [err]=0.8ns, [err}=0,2m5, »=50._ The uyse of paired pul ses creates
addi tional echo signals 'Tflllztgg or%‘ser ”ati%nnﬁwl Ado “gfﬂ?ﬁe sequence, which

i ncreases the Laiensk .thi%rPEhé ?gn%tﬁbggngﬂ@%Hat@%Agﬁg@aﬁg& tﬁ@%\mgt :’l o

FIG 3c, the maximum i ntensi hal™ a OlSE T

i ncreases biyoRddequencynyaodeeqddnay sy, TWHidh tah bescaises bytempeiétere efastence,
PAPS, NPAPS or [r/2-0-z12] , 1s used. -- 6 APR 2004 -16 It should be noted

t hat when nean eausehp i astresponct e thebmerimesmeaguiatiah efithdé sighbeintd\RBARPH the

sequence. Figure 3 particularly denonstrates the inprovenent in the
si gnal - 18- nyinslewsAafieompared seaienegsi eved when usi ng the conbi nati on:

When irradiating RDX with a combination of PAPS and NPAPS at frequency f,,

maximum intensity is achieved only in NPAPS windows. The intensity of the
NQR signals in PAPS windows is minimal in this case and is less than 40% of
15 the maximum (FIG. 3a and 3b). Therefore the total value of the resultant signal
after accumulation from 2n windows of the PAPS and NPAPS combination

equals 1.4nU

max ?

where U, is the signal amplitude in the NPAPS window.

20 The value of noise after 2n accumulations equals:

\2rU, (U, is the amplitude of noise).
Consequently, signal-to-noise ratio approximately equals:

i),

i

25
The same signal-to-noise ratio can be achieved when irradiating by the

combination of the PAPS and NPAPS at a frequency f,, which corresponds to

the maximum signal in the NPAPS observation windows.



[zl 2-(B-dz-GO0, - z-(B-dz-B)9a(, -v/2]", as conpared with thebcARBi A on
of PAPS and NPAPS. Changing the offset fromfrequency f,, to frequency f2
, Which can be caused by tenperature effects, can cause f2to correspond to
t he maxi num vari ation of the signal intensity in the 10 w ndows of

conpar ed sequences. Wien irradiating RBXIiwth a conbi nati on of PAPS and
NPAPS at frequency fl, nmaximumintensity is achieved only in NPAPS

wi ndows. ThHowntegyaed twil dfe trizele QR bpoaitidni 6f HAPSMboameYR WBefugintthd n
this case and is |less than 40% of 15 the nmaximum (FIG 3a and 3b).
Theref ore tR¢SES€EMENEF 'ue of the resultant signal after accunulation from

2n wi ndows of the PAPS a NPAPS . cobi nation ,equals 1.4 n Umax , where
Urax is the signal anpli fﬂ’éi: q@r:: ‘{Iﬁe%Alfs @]n%w%@"o #yal ue of noise
after 2n ac j ual s: ~2nln N LS anpl i tude of noi se).
@nsequentl%ﬁ%%ﬁ%ﬁﬁtﬁgsgﬁg er2a’tell osé%d&?&ﬁé}te%qy equals: Vn -Yr.) 25 The

same sigpal-to-noise ratio can be achieved when irradiating by the
conmbi nation of the PAPS and NPAPS at a frequency f2 , which corresponds to
t he maxi muninsthimease, rinteverFaeBdbbireiovant the stquiws. (for exaxRRc2aIDthe dverNow

regard wl | e .to the operation of the enbodi. t en using the
pulgse sequeW&‘?P%g’lf- (@%’Tﬂﬂas@na—'ﬂs( &ﬁ?wﬁjg@”ﬁ- r“?ngg? g{g‘eéi‘f"ﬁ'gpa’lsr ncy
f,, or £2 ,whrlowWkyv mikirhbfs siéhal 3 observed. The value of the maximum signal

equals 1.3U_,, and the value of the minimum signal equals 0.7U,, (the value of

10 U, is as defined earlier).

The noise value is similar to that of the previous example.
The signal-to-noise ratio obtained as a result of accumulations from 2n windows
equals:;

15 @[ULJ
U

Consequently, the use of the given sequence increases the signal-noise ratio,

characterising the sensitivity of the method, by 2 times as compared with the
PAPS and NPAPS combination.

20
FIGS. 4a and 4b demonstrate the dependence of the resultant signal with
respect to frequency, after the adding up of all windows of the sequence from the
frequency offset of the sequences:

(i) [0 ~7-6,—7],[0, -7-6

180°

—7], (the PAPS and NPAPS sequence); and

25 (i) [r/2—(0-47-0), ~t—(8-47-6) , —7/2], (the sequence used in the

90"

preferred embodiment); respectively.

As can be seen, the use of the sequence:
[7/2-(0-A7-0),, —7—-(@~47-6) , —7/2],,

90°



In this case, in every second wi ndow of the sequence (for examﬁ APR 120¢me
even w ndows), a maxi mum signal is observed, and in the other w ndows (odd
wi ndows) a m ni num signal is observed. The val ue of the maxi mum si gnal
equals 1.3Uerr] and the value of the mninmum signal equals 0.7Uerr] (the
value of 10 Urax is as defined earlier)y18%he noise value is simlar to
that of the previous exanple. The signal-to-noise ratio obtained as a

result of apcoshtraititenmel cObRatvh soe PARSRLA NIPARB, E8Rplettd excludes
Consequently, the use of the given sequence increases i he si gnal - noi se

ratio, chalignsdyivaripionnatiiboatable jo tgmperatue aremthexvarigfionswith tesperiod
conpared w “}rthe PAPS and NPAPS conbi nation. 20 FIGS. 4a and 4b
denonstrate the dependence of the resultant signal with respect to
frequency, after the adding up of all vvi ndovvs of the sequence fromthe
frequencg of fset of the sequences: (i) -z-C00_- % [ 900 -z-91800 (the
PAPS and®NPABBoyihbe fperecialed thﬂtstl(a u§e pa‘/azmo(:léteazs@f sequenge Ayithpaised

can-be seon?ISRLCTE BckoRRREE WIE 1B SleShCOrAINgIeERoh cqfBRER] Wiffbdes "
-v/ 2]l n, 8 ARmalgsiag maiBodmwhicminchaiest-o t he conbi nati on of the PAPS and

NPAPS, conpl et el gq@xcl udes i ntensi t%o variations, attributable to
tenperature or ofHEPS Wk $igRZIs s all Xyingows ef e Wﬁi»'enfﬁr'n ogeWindeWul d be

appr eci at ed t Rat g {Me P R miatiFbf thE JeStant SEAHRES Sightat, are! T ed

10 » digital filtration of the Fourier transformed signal which discriminates the
sample signal from other components;

also allows cancellation of both probe ringing and magneto-acoustical ringing.

Moreover, the frequency of the probe ringing and magneto-acoustical ringing

15 coincides with the transmit frequency of RF pulses of the multi-pulse sequence.
The optimum offset of the transmit frequency of the sequence pulses:

[/2-(0-47-6), —t - (- Ar-6) , —7/2]

o0 o
is several kHz relative to the resonance frequency. Therefore, the NQR echo
signal and ringing after the Fourier transformation of the resultant signal are

20 separated in the frequency domain by the offset value. Thus the use of the digital
filtering means with a frequency bandwidth that is higher than the frequencies of
the components of the ringing spectrum, allows exclusion of the ringing from the

signal.

25 FIG.5 shows the Fourier-spectrum of the Fourier transformed signal received
from the NQR echo signal, excited by the sequence:

[2/2-(0-41-0), 71— (8-4r~8),, ~7/2]

00 2
and obtained after adding up all signals from the observation windows. 1n the
present instance, the echo signal used was received from detection of the

30 substance RDX at a transmit frequency 5.1865 MHz and a temperature of 23°.
The parameters of the sequence coincide with those observed for the received

echo signal presented in FIG. 3c(i). Peaks of the ringing signals correspond to



pul ses, in accordance with the present enbodi nent, in conj uncti®RE 20t he

anal ysi ng net hod which includes: adding up signals of all w ndows of the
sequence in one w ndow, Fourier transformation of the resultant sunmed
signal, and 10 digital filtration of the Fourier transfornmed signal which
discrimnates the sanple signal from oth@r conponents; also allows

cancel l ati on of both probe ringi ng and magnet o- acousti cal ringing.

Mor eover, t herof fregueargofahe Foerier faAsforMal by dand anepalee Pt NQR edhd1gi ng
15 coincides, with the transmt frequency of RF pulses of the multi-pul se
sequence. ¥dBadsshifiad BY theceffest fieqpenerAERiT kiz.equency of the sequence
pul ses: [r12-(OC-Ar-0)06 -r-(O(c)r-8)90, -r12],,, is several kHz relative
to the resonance frequency. Therefore, the NQR echo signal and ringing
after the FBl&iGeshdwsanké dfomierapeotrumhef ties whtsinéd Hamiakr terrsfordibd eigmant ed

in the frequency .d i by the offset. value. Thus the use of the digjtal
flteri né HShon i G, @ﬁﬁﬂ&*@&ﬂ'ﬁﬁﬁ%&ﬂédiﬁ% Iﬁ&@?i@tﬁﬁgﬁeﬂuewnowé tter
¢ : ¢ : el . ¢
requenci esegtrxalstém@ H?.”?H@%F&ég@% Fufwqués 8604 tﬁﬁ%@ﬂraﬂk#&%d%ﬁ?@#ﬁ?ﬁg 0

the ringing omthe signa 5 shows t rer-spectru
Fouri er traeslydheedQE ¢otu sigaakiwitrdringingnodrhgletdReantellesl. gihal diserinased by

the sequencgi~drl2-(Q Ar-Q -r-(B-Ar--8)90 -r/ . and _obtain fter
addi ng up aﬁpéi%cﬁ'gl glgppbr# Sﬁ%n octfé'@‘?%/@fii S)Hﬁm‘?dé%feﬂ% _f’ﬁlé'e E?reégﬁ 2t

i nstance, tRengsraturei BNa3°Cs ewhivhs iy §reseactormMdabetid BqGited Nue/Rllse
substance RDX at a transmt frequency 5.1865 MHz ‘and a tenperature of 23.
The par Aftet eetectien prebahdlfyéalie coi ncide with those observed for the

recei ved echo signal presented in FIG 3c(i). Peaks of the ringing signals

correspond to - 6 APR-2004- --- -19 zero frequency of the Fourier
t ransf or medThe gnlcesansf tHie gpaladdinfent hasifgdthecdiven sequence arises from the
following:

(a) When the transmit frequency offset from the resonance frequency is

15 changed uncontrollably by temperature effects and other intensity variation
mechanisms, the decrease in the intensity of the registered signal in some
observation windows is compensated for by the increase of the intensity of

the signal in the other windows.

(b) As the total signal is processed, which is obtained after accumulating all of
20 the signals of the windows in the sequence, variations in intensity arising in a

single window do not affect the net result.

(c}) The use of paired pulses create additional echo signals in the observation
windows, which increases the intensity of the observed signal and the signal-
to-noise ratio, which in turn determines the sensitivity of the detection

25 method.

A particular advantage of the present embodiment is that it attenuates the effect
of magneto-acoustic ringing, which is normally produced by metal and other
certain materials within the RF field. The invention achieves this by basically
30 recognising the difference in decay time between magneto-acoustic interference
and the NQR echo signal. Moreover, the NQR echo signal derived from the

incident RF pulse sequence arrives after the magneto-acoustic signal has



signal is shifted by the offset frequency of 6.5 kHz. FIG 6 shoiwsARfe004
Fouri er-spectrum of the obtained Fourier transfornmed signal 5 shown in
FIG 5 after digital filtering. The lower cut-off frequency of the filter
equal s 500 Hz. The spectrumin FIG 6 shows the Fourier transforned signal
for only the NQR echo signal, with rindgtthg conpletely cancell ed. The
discrimnated NQR echo signal is then conpared with the reference val ue
for RDX at eompletalgrdissipatedf, hdfebyMpeeitiing NNERedetstiohdinghé bdepceequi r ed
true/false 10 detection probability ratio. The success of this enbodi nent
usi ng t he ¢iNERCWRCRIEE interfetangeom the fol | owing: (a) Wen the transnit
frequency offset fromthe resonance frequency is 15 changed uncontrollably
by tenperature effects and other intensity variation nechanisns, the

decr ease i nit sheuldnbeappteciatbdtthat thegsciper efdthel reabnt invention isofistdinvitdd tn

W ndows ensated fo |ncr se of the intensity of the signal

in the o%he&'eaﬁ ﬁ]é q!lg%let“&]é’eqs&f' E‘gﬁﬁ'&‘} In Pasficiiai LBE| ‘“W"t@rﬁ' ISan'tg

obt ai ned af &t @@&m@uh i olok:l Hﬁq{ﬁ)@

sequence, van%tl ons |§éldrttg1etﬁis%atr$u§rd?%ﬂg%ﬁéa Sef% FCﬁwtéc,i&ow 0 hot affect

t he net resalbo appizabitadotbe uske tpfammtéelarpmlagaetm:rmrxanaddjettemrmj teebhiguesgnal s
of the obﬁerved

th b t t
Sl gnal and TrE's et B i B0 e W6 {RPER, stifSiabPre aapiamifnsbthipos
sensi ti vi t yn@dlet howdske CthieOifverfor®s Redethd Iy ébﬁli&a%le 85 N BB ntefidns,

present enbodl nent is that it attenuates the effect of magnet o- acoustic
ri ngi nglOwhieithers the inantipnpis g disaitasl; tartherdetantiont ofesubstamnces inctuging Nal s

within the BEf [ e Sy

Fecogni si ng he it Frrpesiat WU B A B SadallendlicaR, K ng dffecton of
i nt er f er encaubstamiteshmtgRinecdthes pgniglilar Muaday®iar ideiNQR echo si gnal
derived fromthe incident RF pul se sequence arrives after the

magnet o- acousti ¢ signal has



- 6 APR 2004 -20 conpletely dissipated, thereby permtting NQR.d%tgp@igmMin
t he absence of magneto-acoustic interference. It should be appreciate

that the scope of the present invention is not limted to 5 the particular
enbodi ment described herein. In particular, the inventionis not limted to
t he use of nucl ear quadrupol e resonance detecting techniques, but is also
applicable to the use of nuclear magnetic resonance detecting techniques.
In this respect, NVRis not |limted to.pRase substances containing
guadrupol ar nucl ei, however, the invention is nonetheless applicable to
all NVR materials. 10 Further, the invention is not limted to the
detection of subsIHEGIAIME DEHINING THEWINCENTISH ARE! &8 FOIAIGWS but may be
equal ly applicable to the detection of substances containing ot her
particul ar quadrupol ar nuclei. 6 APR 2004 -21- THE CLAI M5 DEFI NI NG THE

| NVENTI ON ARE Asetimd fongletectingne preadribed substaote iy asspecisen,i doeoprisimgst ance
in a specinen, conprising: irradiating the nuclei of a specinmen in which a

prescribed su X i ht .t o detected.. wWith a | sg _sgquence
e sing o dredafifa she, AAUE"0E L BRaia T Fihigl) 4 brisfihistl sIPRARESds

pai rs of pul sepughf setbd rdutecteac it bepull sedqlictrer tbe@riinasa plordity tof
produce a plurality of nuclear resonance echo signals fromthe prescribed
subst ance, if PMSESewhersity theAuse sgaverce dudeypalrs efopdises affsehdrom
presence of t r i : i I j

nodi fied stea ycgt g%%rrf%g B’%&ggégﬁﬁ‘aﬁg@@ﬂ @eé@r@g %2‘%@%@?%@@8& red
pul ses, each pasomahgetc® signalaifebnp tthes presedhed sabstaecagf pfedang aaire
duration, paired pulse separation and predeternmned frequency, and the
phase of eaChaen\é?ynsi ga'thgdegﬁcl)sggﬁglss% ddetect the presence of the prescribed

substance;

wherein the pulse sequence is a modified steady state free precession pulse
sequence consisting of paired pulses, each paired pulse of said pulse
sequence being of the same duration, paired pulse separation and
predetermined frequency, and the phase of each even paired pulse of said

pulse sequence being shifted 90° with respect to each odd paired pulse of
said pulse sequence, and wherein each pulse of said paired pulse is of the

same phase, duration and pulse separation inside said paired pulse.

2. A method as claimed in claim 1, wherein said pulse separation inside said
paired pulses is much less than said paired pulse separation between
neighbouring said paired puises.

3. A method as claimed in any one of the preceding claims, wherein the pulse
sequence is constructed with pairs of pulses with phases of adjacent pulse
pairs offset by 90° of the type:

[¢/2-(0~A7-0), —7—(0-A7-0) , —7/2]

90? n?

and the fransmit frequency having an offset relative to the resonant

frequency of an irradiated nuclei of the prescribed substance.



pul se sequence being shifted 900 with respect to each odd paingg gghsgm?f
sai d pul se sequence, and wherein each pul se of said paired puls 0 he
sanme phase, duration and pul se separation inside said paired pulse. 2. A
method as clained in claim1, wherein said pul se separation inside said
paired pulses is nmuch | ess than said paired pul se separation between

nei ghbouring said paired pulses. 3. A nethod as clainmed in any one of the
precedi ng cl ains, wherein the pul se seggence is constructed with pairs of
pul ses with phases of adjacent pulse pairs offset by 900 of the type:

[ T12- (B- dz-f0) Oh nidthéPa8\1me0n dly?dne of ﬁm%‘gpr{ee@?ihg%ﬁkﬁmst \é}fh%félﬂ%@?d’ Qayi ng
an offset relative to the resonant I?reque Cy O nirradrate nucPel of
t he prescri bedesubstaira radio ARRQuU200Y (RFPRuUlsé.sequentdiod as cl ai med in any

one of the preceding clains, wherein said pulse sequence is a radio

frequency )a PUl s€ uepce.,. 5. met hod for, detectipg,th resence of a
prescri bed%&t@ﬁﬁ@fﬁgﬁ dqei%gagwéﬁe HIREENET Y- & PEﬁf?ﬁBg‘f’i AR - Bul se
sequence at a dpeaimaeh tomprigimgncy to irradiate nuclei in a specinen
therewith, within a set tenperature range; receiving and anal ysi ng nucl ear
resonance echo signals issued by any resonant nuclei within said specinen
i rradi at ed by EHSHiIRACE A- W'tkéuééqﬁéﬂidfé"cet 6t cetteansmih dregitieseyide radiate

prescri bed Subﬁ&?ﬁ' [ ' ; ' Lt - ence conpri sing
pai red pul ses w ?rgﬁa gts:nﬁ?ﬁg%qg\@gﬁtWﬁ@h%sgé%{r}éhP% %)@F%%ﬁ-' y 90 of the
type: [z12-(B-dz-O 00 -z-(OAr-B)9Q 02]n; said transmt frequency having
an of fset in metevingnand ahaygingdetcear mesbnaresopehe esidnaiguiescyd diy any
i rradi ated nucl ei of th?.[‘)‘\p scri.ged substancde; grbd i )

resonant nuclei within said specimen irradiated by said multi-pulse sequence

to detect the presence of the prescribed substance in the specimen;

said multi-pulse sequence comprising paired pulses with phases of adjacent

pulse pairs offset by 90° of the type:

[c/2-(0-Ar—8), ~7—(8—AT—6) , —7/2],;

90?

said transmit frequency having an offset in relation to the predetermined

resonance frequency of irradiated nuclei of the prescribed substance; and

said analysing involves performing a Fourier transform on the received
nuclear resonance echo signals, registering only those echo signals falling
within a narrow band range corresponding to the resonance frequencies of
irradiated nuclei of said prescribed substance in the set temperature range,
and then comparing the registered echo signals with set reference values
corresponding to said prescribed substance to determine whether said

prescribed substance is present or not in said specimen.

6. A method as claimed in claim 5, including receiving said nuclear resonance
echo signals in all observation windows of a multi-pulse sequence,
corresponding to time intervals between adjacent pulse pairs, and said
analysing includes summing said time intervals in each window to obtain a
resuitant signal and subjecting said resultant signal to said Fourier transform

to distinguish the nuclear resonance echo signal issued by any prescribed



sai d anal ysing involves performng a Fourier transformon the.Bengv?w4
nucl ear resonance echo signals, registering only those echo signals ftalling
wi thin a narrow band range corresponding to the resonance frequencies of
irradi ated nuclei of said prescribed substance in the set tenperature
range, and then conparing the registered echo signals with set reference
val ues corresponding to said prescribed substance to determ ne whet her
said prescribed substance is present omp3not in said specinen. 6. A nethod
as claimed in claimb5, including receiving said nuclear resonance echo

signals in allg @REFIADIABMMINANG Plecind ! ftdm IE)P’IJOBS v HeBhStic ringing_ by
corresponding to tinme Intervals between adjacent pulse pairs, an ai
anal ysi ng i ncldifflerensesin figqsenay.time intervals in each window to obtain a

resultant signal and subjecting said resultant signal to said Fourier

transform to distinguish the nuclear_respnance. echq signal issued hy any
ot osor  bed 7+ ¢ mprhBd s almsy, I ElARLS o IR S PUR BereRiRdRT i obs
and acoustic rdai@paged)pulstsf kahaokessd than SA49ed pulsé sBphRABnaAsetdeanmed
inclaim5 or 6, wherein said pulse separation inside sald paired pul ses

i s nuch | ess tNeghkarngsaid pairpdpglsesepar ati on bet ween nei ghbouring said
paired pulses. 8. A nethod for detecting a substance within a class of

expl osives g@ndh ABIHOR 6 delliio?s SUBSEbEAitRY aCBRa! Br %xéf’d& esClang39K
or "C nucleus in a specimen, tghe me 05' errp| oyi ng nucl ear qua rupor'e

resonance and nareogys, LY akhBosd 8128 nddy cdmairgg ey a®igrg ¥ sl ir@igissady
state free precession RF pul se sequence, said RF pul se sequence consi sting

of paired pul se$pesiosn piie daetbarsemployinginudigars gyadivpelch sesrpaice: BBdsane
duration, pair : e k.on and predeterm ned frequency, and the
Fe i e T

phase of each ev

(a) generating a modified steady state free precession RF pulse sequence,
~said RF pulse sequence consisting of paired pulses, each paired pulse of
said RF sequence being of the same duration, paired pulse separation
and predetermined frequency, and the phase of each even paired pulse
of said RF pulse sequence being shifted 90° with respect to each odd
paired pulse of said RF pulse sequence, wherein each pulse of said
paired pulse is of the same phase, duration and pulse separation inside
said paired pulse;

(b) transmitting said RF pulse sequence to a probe;

(c) irradiating the specimen with said RF pulse sequence transmitted to said
probe at said step (b);

(d) detecting nuclear quadrupole resonance echo signals between paired
pulses of said RF pulse sequence transmitted to said probe in response

to irradiating the specimen at said step (c);

(e) summing all said nuclear quadrupole resonance echo signals {o generate

a resultant signal;

(f) subjecting said resultant signal to a Fourier transform;



of said RF pul se sequence being shifted 900 with respect to Qggh gﬁd 4
pai red pul se of said RF pul se sequence, wherein each pul se of aﬁ gg%red
pul se is of the sane phase, duration and pul se separation inside said
paired pulse; (b) transmtting said RF pul se sequence to a probe; (c)
irradiating the specinmen with said RF pul se sequence transmtted to said
probe at said step (b); (d) detecting nuclear quadrupol e resonance echo
signal s between paired pulses of said-Bi-pul se sequence transnmitted to
said probe in response to irradiating the specinmen at said step (c); (e)

summi ng all sgj ugdr 400 n i S a
resul tant si gggfg%%ﬁ‘g%b?e%ﬁr% {srgpél%?@ggl %@H?Frsé%gaa t(l)t gf gﬁfﬂﬁlﬁfe‘?
transform - 6 ARRn2fed#;-24 (g) generating a Fourier transforned signal as

a result of said Fourier transform (h) frequency filtering said Fourier

transforned si L ( paring_a signhal obtained after filtering at said
step (h) to a(ﬁgﬁa‘a‘é‘%ré‘?ryrﬁ%é' 9y %FBH'&% PE’U%%,S’%‘FEE (j} signalling when
said filtered signal exceeds said predetermned reference magnitude. 9. A
net hod as cl ai(lyedompasih@i & SignahesisthihcgiaittepUtidsrire Rt @hidorstéps(tle tsahad

pai red pulses is nmuch less than said paired pul se separation between

nei ghbouri ng sai @rgsgtewaingd retesenaepmagniudecinds claimed in claim8 or 9,
wherein the | owest frequency of said filtered signal is about 0.5-1.0 kHz.

11. A method 35 &GRLMRY wHErPNd AltEred sighdl dBeBdd QaitibretBfifliib Stilrence

magnitude.

9. A method as claimed in claim 8, wherein said pulse separation inside said
paired pulses is much less than said paired pulse separation between
neighbouring said paired pulses.

10. A method as claimed in claim 8 or 9, wherein the lowest frequency of said
filtered signal is about 0.5-1.0 kHz.

11. A method as claimed in any one of claims 8 to 10, wherein said

predetermined frequency of said RF pulse sequence is set near to a nuciear
quadrupole resonance frequency of a quadrupolar nucleus, such as “N,

¢, ¥K or Y1, in said substance to be detected.

12. A method as claimed in any one of claims 8 to 11, wherein said substance to

be detected comprises an explosive or a narcotic including a '*N nucleus.

13. A method as claimed in any one of claims 8 to 11, wherein said substance to

be detected comprises an explosive or narcotic including a **C! nucleus.

14. A method as claimed in any one of claims 8 to 11, wherein said substance fo

be detected comprises an explosive or narcotic including a *’CI nucleus.

15. A method as claimed in any one of claims 8 fo 11, wherein said substance to

be detected comprises an explosive or narcotic including a * K nucleus.



predeterm ned frequency of said RF pul se sequence is set near_;s ? &Uﬁhﬁar
quadr upol e resonance frequency of a quadrupol ar nucl eus, such a ﬁ \ d,
39Kor 37Cl, in said substance to be detected. 12. A nethod as clained in
any one of clainms 8 to 11, wherein said substance to be detected conprises
an explosive or a narcotic including a 14N nucleus. 13. A nethod as cl ai ned
in any one of clains 8 to 11, wherein said substance to be detected

conpri ses an expl osive or narcotic incLyding a 35C1l nucl eus. 14. A nethod
as claimed in any one of clainms 8 to 11, wherein said substance to be

detected c r'd ' LG LN dj . S.. 15. A
ot hod as. A aRPAraES P tgefo, I Biéednopl6 t bitofibedioBiBirBEin 2°:
be detected capscimescampesipgosi ve or narcotic including a 39K nucleus. - 6

APR 2004 -25 16. An apparatus for detecting the presence of a prescribed
substance in a_ specinmen conprising, generating neans to.generate pul se
sequence. conmprdSRREIS BIATS 1 GoRFiated BHSe SHRISDCR CUBPHING & Ll

i ncl udes pai r pue)UVRESIPIHS Huldd QBHUEASY | i ' tméfﬁ
shift; irradi Z)ti neg msansi to i rqiruadi a?gutﬁgé@rlﬁgpﬁs ?%lrg @%ggﬁ%ﬁﬁﬁd@ Ich the

presence of ®3sheyber byd peswibedoehase shifight to be detected, with said
pul se sequence; and anal ysing neans to anal yse any echo signals produced

in the speci e ] T i adl: i i Se s n t the
presence of ¢ e aiing kS HRaRRRTElReP Bl & BHaMRT EMERH fur BiL g

nmodi fi ed steadyf atpresciibed pulestansé oid BolLigiet 6 eiskledsteciednswith | gidopuai r ed
pul ses, each paired g_ul se of said pulse sequence being of the sane

duration, pai ’68YE0FSe@paration and predeterni ned frequency, and the
phase of each even paired pul se of said

analysing means to analyse any echo signals produced in the specimen on
irradiating same with said pulse sequence to detect the presence of the

prescribed substance;

wherein the pulse sequence is a modified steady state free precession pulse
sequence consisting of paired pulses, each paired pulse of said pulse
sequence being of the same duration, paired pulse separation and
predetermined frequency, and the phase of each even paired pulse of said
pulse sequence being shifted 90° with respect to each odd paired pulse of
said pulse sequence, and wherein each pulse of said paired pulse is of the
same phase, duration and pulse separation inside said paired pulse, said
pulse sequence being capable of producing a plurality of nuclear resonance
echo signals from the prescribed substance, if present in the specimen.

17. An apparatus as claimed in claim 16, wherein said pulse separation inside
said paired pulses is much less than said paired pulse separation between
neighbouring said paired pulses.

18. An apparatus as claimed in claim 16 or 17, wherein the pulse sequence is
constructed with pairs of pulses with phases of adjacent pulse pairs offset by
90° of the type:

[c/2—A(0~-Ar-60), —7—-(0-Ar-0),, ~1/2],,



pul se sequence being shifted 900 with respect to each odd pairedgpNP%eﬂB¥
sai d pul se sequence, and wherein each pul se of said paired pulse is of the
sanme phase, duration and pul se separation inside said paired pul se, said
pul se sequence bei ng capabl e of producing a plurality of nucl ear resonance
echo signals fromthe prescribed substance, if present in the specinen. 17.
An apparatus as clained in claim 16, wherein said pul se separation inside
said paired pulses is nuch | ess than saixg paired pul se separati on between
nei ghbouring said paired pulses. 18. An apparatus as clainmed in claim 16 or

17, wherein t%do%éeréﬁ%ﬁ”’f‘r@qgé?%ﬁ{%ﬁﬁd‘ %rgdofge:tﬂg e t8ftr%“ ?géndamtth

phases of adj acent pu se pairs ype 9) 00
-z-(0- Ar - O 90,frequeh2y of an u@a@@t%cp_ﬁﬂdel-(ﬁ&hermewrmeﬂramsmrtcet requency havi ng
an offset relative to the resonant frequency of an irradi ated nuclei of

t he prescrl subst ance. An ap aratus .as .cl a one. pf cl ai s
16 th 1o WRerAr ABBaRS ap seiniea FEARL 8he o Haifieo| 4 T stionBp emsridvise
sequence. 20. e@@;u@ﬁ@é‘i@élr'édlf)(?fecfﬂ@h@ﬂRF?PEB%s@h@éﬁé@e of a prescribed
substance in a specinmen conprising: nulti-pulse sequence generating neans

to generate a nulti-pul se sequence conprising Pal red puI ses W th phases of
adj acent p@OspAPPIrBLE ot dejedindothe phesangseot parEscHPed -agpstance in a
-z-(B-dz- C))goaS e%lraéﬁ'coﬁpﬁgﬁm tting neans to transmt said multi-pul se
sequence at a ansm requéncy offset in relation to the predeterm ned
resonant frequency of irradiated nuclei of a prescribed substance to

per neat e a spauuitepulse dequermmEnyenEratng myeans ongeriorateaa inaulti-gul seesdrpuEnees ;
comprising paired puises with phases of adjacent pulse pairs offset by 90° of
the type:

[2/2-(0-A7-0), —7-(0-A47-0),, —7/2],;

90°

transmitting means to transmit said multi-pulse sequence at a transmit
frequency offset in relation to the predetermined resonant frequency of
irradiated nuclei of a prescribed substance to permeate a specimen and

accommodate any intensity variation mechanisms;

receiving means to receive nuclear resonance echo signals issued by any

nuclei within said specimen irradiated by said multi-pulse sequence;

analysing means to analyse said received resonance echo signals and
- establish whether any of received resonance echo signals indicate the

presence of said prescribed substance in said specimen; and

alarm means to issue an alarm in response to said analysing means
establishing that some of said received nuclear resonance echo signals

indicate the presence of said prescribed substance in said specimen;

wherein said analysing involves summing all said nuclear resonance echo
signals to generate a resultant signal, performing a Fourier transform on said
resultant resonance signal, registering only those signals falling within a
narrow band range corresponding to the resonance frequencies of irradiated

nuclei of said prescribed substance in the set temperature range, and then



receiving neans to receive nucl ear resonance echo signals iSs@Eqquzagy
nuclei within said specinen irradiated by said nmulti-pul se sequence;
anal ysing neans to anal yse said recei ved resonance echo signals and
est abli sh whet her any of received resonance echo signals indicate the
presence of said prescribed substance in said specinen; and alarm nmeans to
issue an alarmin response to said anal ysing neans establishing that sone
of said received nucl ear resonance echoggi-gnals indicate the presence of
sai d prescribed substance in said specinen; wherein said anal ysing invol ves
summi ng al | salofhtiuthlePathel CRAAABRRI CSials® ARA! Sodig. GRRCTEfeforied Couhibsn!
signal, performng a Fourier transformon sai resultant resonance signal,
regi st eri ng ornloyreshosdingi thalagd frakkentgedrisubstanae toardedernhina dwheatige said
corresponding to t@%dreifnance frequ ncie? i,rradiated nuclei of said

|

) .of
prescribed subEEEH HANESS e FEFE’EP?@H§%PCQN31then 6 APR 2004 -27

conparing the registered signals with said set reference val ues
correspondi2ig A enethod for asricting@ prédeHBEE Substatiebahd BpediRhhsuibsiatihlly
prescri bed substance is present or not in said specinmen. 21. A nethod for
detecting a prasshergieddespitashodth eterepes i the the ansoamanying drawingsr asn
descri bed mﬁtQ%;%®ﬁ?ﬁgce to the acconpanyi ng drawi ngs as appropriate. 22.
An apparatus f P etecting the presence of a prescribed substance in a
speci nen substantially as herein described with reference to the
acconpanyi 2¢. dirawppgsatas fappledectingt the presence of a prescribed substance in a

specimen substantially as herein described with reference to the

accompanying drawings as appropriate.



