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BACKGROUND OF THE | NVEW®#I ON This invention is con ned wi th madgnet agp%%
of ferWORgM3Tic material in elongated objects such as PCHAISIYIR64 c cabl es
and is nore particularly concerned wwth 5 providing cables and pipes with
per manent magnetic signatures to facilitate their detection nmagnetically.
Many types of buried pipelines and power and comruni cati on cabl es are
either fabricated of ferromagnetic material or enploy ferronmagnetic
material as strength or 10 arnor nenbers, nmaking them susceptible to
detection. magnetically. Larger pipes and cables may, to a certain extent,
be detectable magnetically by virtue of their natural nagnetization (e.g.,
due to the earth's magnetic field), but smaller pipes and cables are nore
difficult to 15 detect magnetically. Submarine fiber optic conmunication
cabl es, witQle:ar MetHod hd)apharstwsr 665 breri8Lagspeimhhenwor ! d, nust be
buried beneath t Maginatief SignPniest 19MBhsded seablébeand 1 OCT 2003 WO
00/ 63927 PCT/ USO¥ip#4 anchors, and trawl s, but subsequently they nust be
| ocated for repairs or maintenance. Conventional means of |ocating,
tracking and determ ning burial depth of unpowered buried fiber optic
comuni cations cables magnetically are limted 5 in capability. Snmaller
cables in current use are difficult

BACKGROUND OF THE INVENTION

This invention is concerned with magnetization of
ferromagnetic material in elongated objects such as fiber
optic cables and is more particularly concerned with

5 providing cables and pipes with permanent magnetic
signatures to facilitate their detection magnetically.

Many types of buried pipelines and power and
communication cables are either fabricated of ferromagnetic
material or employ ferrcmagnetic material as strength or

10 armor memberg, making them susceptible to detection
magnetically. Larger pipes and cables may, to a certain
extent, be detectable magnetically by virtue of their
natural magnetization (e.g., due to the earth’s magmetic
field), but smaller pipes and cables are more difficult to

15 detect magnetically.

Submarine fiber optic communication cables, which are
strung by ships across the oceans of the world, must be

buried beneath the seabed for protection from sea life,




to detect by passive magnetization techniques at slant ranges greater than
roughly 0.8 neters. Ne thel ess, projected worl dgad de expansi r‘t?’rc-l-t ma .
subsea fiber optic co ni cati ons networks will r It in a grea
propor t A% snal | cabl es which are the nost difficul PCTASHNI2684 . BRI EF
DESCRI PTI ON OF THE | NVENTI ON The present invention provides fiber optic
cables, and other elongated objects conprising ferromagnetic material,

wi t h enhanced pernanent nagnetic signatures which allow 15 detection,

| ocation, tracking and burial depth determ nation of the objects at

unpr ecedgatRersl,anind angasl s Thout N¥EPELQHRent DYOLUES HALOUS. ”%Qg@% nd
apparatus for producing nagnetization in fertromaghetic materral o

el ongat eflopbreplai r Arsk R Eegakde. ODCERYEN YA bHaS 1R b8! 1 BELY YRy,
magnetic 20 signatures. The invention will be described in its applhication .
to fi bertoptkdngormdidetidanining| BerisUclepth bROSRpEWRLQYCHLERagGULSER

fi ber optic conmunications networks, but it will be apparent that the

i nvent i ofiibernoptid mdmetmicstidnappablasi nagnasicabyybgrenpigyedg nore 25 -
generally, with regard to cables, pipes, or other elongated objects

conPri si 48 fapebiddiati c Smablen| calles 1i0CFuPPeRt \s004689@T £ficult

PCTI US99/ 12694 Magneti zati on of unpowered fiber optic cables in accordance
Wit h t hetPndesecsn kaPans ke pagre tiz ahgonhbecbabtraesagknglpnbcess, or
during the manufacture of the cables, for exanple, and does not require
changes FAPEEE §Z8aihfstThAR i TAMERLY he- B aPeheTEr ocHs¥erthelessnor does it

interfere Ln'anyév%%/ it h Ige operation of the fiber ogt_ic cabl e or cause
mechani cBFC4EFESE PRttt s S¥RRRE3PROf the subsea fiber optic
communications networks will result in a greéter proportion

10 of small cables which are the most difficult to detect.

ERIEF DESCRIPTION OF THE INVENTION

The present invention provides fiber optic cables, and
other elongated cobjects comprising ferromagnetic material,
with enhanced perménent magnetic signatures which allow

15 detection, location, tracking and burial depth determination
of the objects at unprecedented slant ranges. The invention
involves unique methods and apparatus for producing )
magnetization in ferromagnetic material of elongated objects
and provides the objects with strong distinctive magnetic

20 signatures. The invention will be described in its
application to fiber optic communications cables, such as
those employed in subsea fiber optic communications
networks, but it will be apparent that the invention is not
limited to such applications and may be employed, more

25 generally, with regard to cables, pipes, or other elongated

objects comprising ferromagnetic material.
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Submarine fiber optic communications cables typically have an qfiiﬁ tuﬁﬁg
surrounded by a steel re strength rope 10 or s | arnmor. It g

t hat sugb oeghdzes may have uni ntended natural magne™ zati @pgriegHvhigpg from
|l ocal magnetic fields (primarily the earth's field) captured at the tine
of fabrication, but such naturally occurring magnetization of both arnored
and unarnored cables .is 15 generally far less than the saturation field

| evel of the ferromagnetic materials in the cable and is not easily
detected. Moreover, the external magnetic fields resulting from

nat ur al | y- oc Mgkt FakHeR | 25t PBROVERAC 1P6K| GRtiKe cakdescdm ar r angenent

of the arnor or wire, ropes and are not 20 uniformy radial or cylindrically
synwetHQECQ¥ééﬂQ&3“h@@nEF?CLHEFEEPPBnCBP Pre aghieVss dprdmgs the quite

limted. E | ith i | abl det ect i i t, buyrial dept h
Lo SR St SR LoL R SRS e B 8
bout . f , | @, 25 ti t Ki .and i al depth
oo oisied, WAL e lndfd S84 Boes nbR LEMNE LARRELDT s Gable 7 5P

| t . 0 PGA! : ) 2 x | S .16 MAR 2001
Chor MonbtrdbdadXlof DPie My ki’ pRockli’ ttelit, nbx RN 0 VIR

- present jifiad A D 0SNG ERaPBgiehi enbl 8bdsaR8¥n oFalHeAlHi ¥R Rptic
ferromagnetic material of fiber optic cables, 5 or other el ongated

obj ect s,c B! Oce6SBNEBhah €8EANE tHRGRC b7 Hadie TRE HHO WM .
magneti zation is much stronger than any natural magnetization of the
fgrronagneﬂ(suﬁmﬁriﬂé fiber optic communications cables typically
have an optic fiber surrounded by a steel wire strenagth rope
10 or steel armor. It is known that such cablés may have
unintended natural magnetization resulting from local
magnetic fields (primarily the earth’s field) captured at
the time of faﬁrication, but such naturally occurring
magnetization of both armored and unarmored cables is
15 generally far less than the saturation field level of the
ferromagnetic materials in the cable and is not easily
detected. Moreover, the external magnetic fields resulting
) from naturally-occurring magnetization tend to follow the
helical arrangement of the armor or wire ropes and are not
20 uniformly radial or cylindrically symmetric. Passive
magnetic detection of the external fields is quite limited.
For example, with available detection equipment, burial
depth measurement is limited to about .5 to 1.2 meters on
40mm cable, and to about .5 to .8 meter on 1l0mm cable.

25 Continuous tracking and burial depth measurements are made

difficult by wvariations in magnetic field strength along the



by the earth's magnetic field. An axial gradient in the applied axial

(1 ongi tudi nal) magnetization produces a radial 10 external "|edkhd3CT 2003
magnetic field around the cable that is substantially cylindricall 4
symretric and that varies periodically along th béeé
providing a strong permanent nmagnetic si gnaturepm?glsjbe rgﬁql 9
det ected by passive nmagnetic detection nethods. m er | d| C varl ations
in the radial external magnetic field along the bre
wave or a sine wave pattern, for exanple. If the wavel ength of the

vari at i onsabled Grapenicaigd with eslierpihtchi béugthrefigaimoveornwdtreof t he
cabl e decreases approximately linearly wth distance from20 the cable. The
desired n&gPe-zati on can be achieved by the use of a unique nagnetizer
having a pair of mirror-image magnets (or a plurality of pairs) disposed
at opposite si e @resrat cipvention produesagmagnetngiieddet neai el d

adj acent to the 25 cable, which varies repetitively as the cable is noved
| ongi t udi FAtMFatdion (i #%”t"?ﬁamﬁé@ smagerigal R@lélBﬂEE‘PPtGCO cabdEE 2003
WO 00/ 63927 PCT/ US99/ 12694 BRI EF DESCR| PTI ON OF THE DRAW NGS The i nventi on
will be f@Ft &P EIIMRFTH RIFTHR | LRAUGIPE PATMABEB pARTAFtdr awi ngs,

whi ch illustrat f best d nb t d_wh 5 Fi 1
e Che ci ARCRARIAE 1hm VIRt SROHRG AmFPRat - CBbOR: TEnPur & THEGRAA vor

in accord% \QJJ1éi%%ré&“%égﬁgtlzglgon ofstﬁeskgkkgr VI%@l%fﬂ%té¥% qq

enbodi nen
by the earth’s magnetic field. An axial gradient in the

applied axial (longitudinal) magnetization produces a radial
10 external "leakage" magnetic field around the cable that is
pubstantially cylindrically symmetric and that varies
periodically along the length of the cable, providing a
strong permanent magnetic signature that can be readily
detected by passive magnetic detection methods. The
15 periodic wvariations in the radial external magnetic field
along the cable may have a sguare wave or a sine wave
pattern, for example. If the wavelength of the variations
) ig long enough, the external field strength over most of the
cable decreases approximately linearly with distance from
20 the cable.
The desired magnetization can be achieved by the use of
a unique magnetizer having a pair of mirror-image magnets
(or a plurality of pairs) disposed at opposite sides of the
cable, for producing a strong magnetic field adjacent to the
25 cable, which varies repetitively as tﬁe cable ie moved

longitudinally relative to the magnets.
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Fig. '3 is a diagrammatgge el evation view, with the gfiber optic bl
in cross-section, of hird 10 enbodi nent; Fig. Is a di agrapr?]iaGﬂtﬁ:f?ﬂmn
cross- eUPEHAF vi ew showing radial flux |ines around aPE€TA89Y/1R6%4 c cabl e;
Fig. 5is a diagrammatic |ongitudinal sectional view of a fiber optic

cabl e magnetized in accordance with the 15 invention and show ng internal
axi al magnetization and external magnetic flux lines in accordance with a
square wave magnetization pattern; Fig. 6 is a diagrammtic |ongitudinal

sect i Onﬁhxﬁ@%ﬂgﬁnﬁfid}?rof’ﬁ 5 m%gé@gnet i zed in accordance with the
20 inventro ' gnetization and external nmagnetic

flux lines i mpacciviaiCioivil B 156 NEu e PddEEEg :9 cgdniﬁ.gétg t of

magnetic field radial conponent nagnitude versus ra nce froma
cabl e @k twariHSaccompEBGNEld Zk wind8Y akie hﬂmﬂré@&%&f\@i@ed

magneti zation; 5 0 WD 00/63927 PCTI 99/ 12694 Fi g. 8 is a plot of nmagnetic
field rdbeslt emmonaaibodBgemtsdean@robhsréagi al di stance froma cable for
vari ous rmagnetization wavel engths, for sine wave nagnetization; Fig. 9 is
a ferspectiverig evl of s avhac@iagrampaeiczplanSview sheawingi he€Eiepit ¢ cabl es;
and Fig. 10 is a diagranmatic perspective view of a magnetizer for |arge
di anet eﬁmbb@éme;m iaf cabhasne DEAeY LED DESORIATEOWIFh Teke | AVEABEDNNEI g. 1
shows, diagramatically, a sinple apparatus for 10 producing desired
magneti zati oF¥¥- a2 f}1Per Bpnitarayievw Fhea second embodiment;

Fig. 3 is a diagrammatic elevation view, with the
fiber optic cable shown in cross-section, of a third
10 embodiment;
Fig. 4 is a diagrammatic cross-sectional view showing
radial flux lines around a fiber optic cable;
Fig. 5 is a diagrammatic longitudinal sectional view
of a fiber optic cable magnetized in accordance with the
15 invention and showing intermal axial magnetization and
external magnetic flux lines in accordance with a square
wave magnetization pattern;
) Fig. 6 is a diagrammatic longitudinal sectional wview
of a fiber optic cable magnetized in accordance with the
20 invention and showing internal axial magnetization and
external magnetic flux lines in accordance with a sine wave
pattern;
Fig. 7 is a plot of magnetic field radial component
magnitude versus radial distance from a cable for various

25 magnetization wavelengths, for square wave magnetization;




apparatus conprises a netizer that includes a pgar of strongULOC]; 2003
mrror-imge magnets ( ., rare earth nagnets w’tipole strengths 0
about 29@0@&33) supported on counter- rotating non- magndOTEUIMAS4 10 ( of
al um num or plastic, for 15 exanple). Each nagnet may be-a | ong pernanent
bar magnet extending across a disk or shorter bar nmagnets oppositely
nount ed adj acent to the periphery of the disk and joined by a |ength of
hi ghly pernmeabl e magnetic nmaterial. The cable 12 is driven longitudinally

b i tabl gg3 20 t ' s of I di sk
y asurta ?él% 8" & QrpﬂétVSf(ﬂQEnétE‘iW‘knel‘HEgg@ | Sﬁ‘ccfng&&héﬁ‘@ | SKS are

di sposed cl o 0 oppositeé sides of the cable. supported for

rotati opa AU vedSudF AR Cal tahlet BEomPaaRaKAfe tHME Mali s The
rotation 6f the disks is synchronized so that, while the strength of the

nmagnet i gagmdt 014t Bt kSRl éRgthe, CabkesYaki @avi hagiietk Zaiiad on, the
polarity of the field at one side of the cable is the same 6 0 o 1 OCT
2003 WO 00/ 63@2F. 0s 1i & peL8pelEINESIVel?@I it ddituadl|mddieotDiethe fiel d
at the opposite side. A drive mechanismfor rotating the disks includes a
driye rddrersnalll diilven dpytibdechbhgstudndal novenent of the cable and

| i nkages (not shown) connecting the drive roller and the 5°disks. Suitable
| i nkages wi | | Fig. db8cisbaddiagyammiitd caperisgeatagretview ief dain
ferromagnetic material of the cable is near saturation and is nuch

st rongemagnetigrr fRY ukargenghameieri Sabeguertd < Fakd®sah' s magneti c
field, for exanple), so that it overwites or erases the natural 10
magneti zation throughout the I ength of the cable (except

DETAILED DESCRIPTION OF THE INVENTION
Fig. 1 showe, diagrammatically, a simple apparatus for
10 producing desired magnetization of a fiber optic cable. The
apparatus comprises a magnetizer that includes a pair of
strong mirror-image magnets (e.g., rare earth magnets with
pole strengths of about 20K Gauss) supported on counter-
rotating non-magnetic disks 10 {(cf aluminum or plastic, for
15 example). Each magnet may be a long permanent bar magnet
extending across a disk or shorter bar magnets oppositely
mounted adjacent to the periphery of the disk and joined by
a length of highly permeable magnetic material.
The cable 12 is driven longitudinally by a suitable
20 tractor drive (not shown), for example, and the disks are
disposed close to opposite sides of the cable. Each disk is
supported for rotation about an axis perpendicular to the
plane of the figure. The rotation of the disks is
synchronized so that, while the strength of the magnetic
25 field adjacent to the cable varies with disk rotation, the

polarity of the field at one side of the cable is the same
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per haps at regions of plied field polarity transigtions). The o r@ggwt
shown in Fig. 1 produ a repetitive sinusoi dalyadi ent in the cabl

magnet i WE0®3923nd a si nusoidal variation in the radial eRCEIREI13I8Ynetic

field. 15 Oher external magnetic field patterns can be produced by using
magnets with various spacings, orientations, and pole strengths around the
di sk circunference. For exanple, the magnetizer shown in Fig. 2 conprises
a pair of counter- rotating disks | 0OA of non-nagnetic material supporting a

20 plurgld tyhofpdPhfSePfofBoRet $181H2R%EEndI BEBbEakkY sid® . SHOWLivii S
arrangenent produces repetitive square wave Vvariations in the radial

ext er nalmdeagiiei &6 f6£! fotdbengnbadi ERBLkE SheMide’ & @vivk i1 re
appropriate for magnetizing the strength nmenber or arnor of relatively 25

smal | didwreéed by behe opbhgitalinal mevemngeofditheeicableakkims, nultiple
pairs of mrror-inmge nmagnets | OB can be enployed as shown in Fig. 3, in
whi ch a Xiddesgest (zotabhewd? FofndOtANg63IN27 dRCTeUS®L/1E26hd ishown,

di agrammatically, in cross-section. Each magnet of an opposed pair. of
maghet s disskot at SbitabbeulinkagesswAll et descydbeshdiah®mr to an axi al

pl ane of the cable, and_that lies in _a plane perpendicular to the

| ongi t udi nal EResaBPdieghwagpptic fleldtiam iferromagretisgmaterial of

synchronized so that the polarity of the _ma%&et ic field applied at all
si des of thfecrBbelPsNEAT §5ﬁ§?a®i°€o@”§e,1_st PolshRFe T AR AE t he

raanet s otetey AU gRUELE SO | h O b S RSB0
that a Cyééngﬁgﬁ%igy,S¥gn%£gkci&a%%@rwrites or erases the natural
10 magnetization throughout the length of the cable (except
perhaps at regions of applied field polarity transitions).
The arrangement shown in Fig. 1 produces a repetitive
sinusoidal gradient in the cable magnetization and a
sinusoidal variation in the radial external magnetic field.
15 Other external magnetic field patterns can be produced by
using magnets with various spacings, orientations, and pole
strengths around the disk circumference. For example, the
) magnetizer shown in Fig. 2 comprises a pair of counter-
rotating disgks 10A of non-magnetic material supporting a
20 plurality of pairs of magnets arranged diametrally, as
shown. This arrangement produces repetitive sgquare wave
variations in the radial external magnetic field.
The embodiments shown in Figs. 1 and 2 are appropriate
for magnetizing the strength member or armor of relatively
25 small diameter fiber optic cables. For larger diameter
cables, miltiple pairs of mirror-imagg magnets 10B can be

employed as shown in Fig. 3, in which a fiber optic cable 12

-




external field is produced that varies periodically along the QngKﬂ ?mn
the cable. As shown in gs. 4-6, the cylindricalil'synnntric Xt ermna
magnet iwofosigdrhas flux 15 lines that extend radialTy w ploTnsesgembst o t he
cable. The radial flux lines F1 are parts of flux |oops having axial

parts F2 that extend parallel to the length of the cable, on the surface
and/or internally of the cable, and axial parts F3 that extend parallel to
the length of the cable 20 externally of the cable. Along the length of the

Sobar ity e e O AAPER L A0 ¥y AR FGSR S RLER -t y ESARe BAGHRE nat i ng.
' . f L h L/ 2, .wh L.i h I h of th
33852{‘?@"# B PRSP BRLE" B maeRE el te TRUAR e (AP 5h BB A hi ghl y
i i all i d di d of
Phe o - ihitorhe FpsBeatiRhid o ol nyhdlh Ft° el dhllg et o ¢ ©
per pendi @rldf%s'iﬁ Legﬂlaﬂe %ry%%h'%ﬁ%r%ettfé iy ibain&alle.faﬁdfr”a'
I el ecr ease

magneti c approximately Tinearly wi'th I ncrease in distance

frogn the e Al eab18.. THE! eotatdbn R hRlfHdtSH R RfdmRE 4de S5 fiel d
strength and the distance fromthe cable. The ™ relationship nmay be

EXpressedh shat Rhéhpoakity 0ie thdl sl ifd FdIE Aantiadd ide dBxis) of

the cable perpendicular to the centerline and is small relative to L.
sides of the cable is the same. Of course, the polarity.
changes as the magnets rotate.

The magnetizers shown in Figs. 1-3 magnétize the

10 fefromagnetic material of the strength member or armor of
the cable such that a cylindrically symmetric radial
external field is produced that varies periodically along
the length of the cable. As shown in Figs. 4-6, the
cylindrically symmetric external magnetic field has flux

15 lines that extend radially with respect to the cable. The
radial flux lines F1 are parts of flux loops having axial
parts F2 that extend parallel to the length of the cable, on
the surface and/or internally of the cable, and axial parts
F3 that extend parallel to the length of the cable

20 externally of the cable.

Along the length of the cable, the external magnetic
field includes, repetitively, a region of one polarity
followed by a region of the opposite polarity. The
alternating regions or zones are of length L/2, where L is

25 the wavelength of the magnetic field variations. In
accordance with the invention, it is highly preferred that L

be substantially greater than the width or diameter d of the

8



: rragnet I za

As .shown in Figs. 7 and 8, for the 1/R relationship, 10 the n@QnéCTcmmgeld
radi al conponent: magni tude IBrj at distances from .@ that are q@@lq
relative to wavelength L is substantially greater 1 69 ¥ B

As shown, the fall-off of the magnitude of the radigd npswqa e
field with distance R fromthe center i ne 15 of the cable IS in accordance

wth 1R copbier gefpkaabBiae o 3l bngthe CilAnateund ) Bigs 7 and 8

are for Wave neters, and nore. It is apparent that
the | ongegciehgyAveEerbeh ektiettadl ﬁ&ghetﬂie: fapidoxdemtdamed 0 1/ R 20 For
any given wavel ength, the wave shape may be adjusted from square wave to
S|nu50|daapprbmgmetelvoﬂlaﬁ?rlyhaééhOFW@#ePW&n¥ﬁlﬂkﬂﬁﬁﬁﬂe(ﬁFQP theuare

wave) the riation in,radial field stren mnth from
t he cablec?gfﬁot 1e8nst SRETH 3y FhdVEHEE %fﬁ gt varla Y%% of the

radi alg ?‘EQl&OEEQEﬁBEh' and EHAC i aVeY £2RMm \@iéeldfwttét f ophei nusoi dal
1on, but varies also wth position along the cable for

non- si nuspellatisRghRLPI mayl bie ekiprwsdede ds NYR," wivape K ofs ablye wavel engt h
I s sinusoidal, which also requires the S|nplest magnetizer 30

confi gur adishapeet ArpAg ther cenfealjine (axig) of therabs WO 00/ 63927

PCTI US99/ 12694 FEi 9 h t ual ¥
di anet er PFBBF“SE?“&a536%és ?Ré%%égi n%gg%%zgg Jﬁgli&g&%&££$ggﬁ§n§

accordance' wth the nvent1 on
roller 14 is dakveRobh 3nCalgs.(MOland WBorxHdEl R €1 465 6RNRID,

| ongi tudi nally over the drive
10 the magnetic field radial component magnitude |Br| at
-) distances from the cable that are small relative to
wavelength L is substantially greater than that for a 1/R%.
As shown, the fall-off of the magnitude of the radial
external magnetic field with distance R from the center line
15 of the cable is in accordance with 1/R", where n is between
2 and 1. The curves shown in Figs. 7 and 8 are for
wavelengths of 10, 20, 30 meters, and more. It is apparent
that the longer the wavelength L the closer the
approximation to 1l/R.
20 For any given wavelength, the wave shape may be
) adjusted from square wave to sinusoidal. However, for any
shape other than sinusoidal (e.g., square wave) the
‘variation in radial field strength with distance R away from
the cable is not constant along the cable. The radial
25 variation of the radial field component is a function only
of wavelength for sinusoidal magnetization, but varies also
with position along the cable for non-sinusocidal
magnetization. Thus, the ™ best” shape for any wavelength
is sinusoidal, which also requires the simplest magnetizer

30 configuration (rotating bar magnet).
9
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5 roller by a conventional tractor drive (not shown). The drinﬁ rﬁhhezmzs
connected to a pair of unter-rotating mrror-i P nmagnet s Jr 3to'
be di spwamo/e2Dpposite sides of the cable, by |irKages popsosmesde drive
shafts 16, belt and sprocket couplings 18, and gear boxes 20 to 10
rotational shafts. In this instance, each magnet Mis constituted by a

pair of oppositely poled short nagnets at the end of a bar of highly
perneabl e magnetic material nounted on a rotational shaft 22. The

ti I h | 24 _h t .sh 1 1 [
gut de. channcl Tt theHERR oot LUR  RRSREF e 2R meRBe it il * 'S
Fig. 10 | di t
cabi o, | SRS COEonk Tt T o B TRATRELEE AR BaesttlR [ G

mrror-i m&mts,rﬁ&eapmsra éeé FRODgt aﬂ%&gm ;a%g&q_ﬁﬁf the

circunference of a cable 12 that drives a drive ro

roller i sncwai)nagd oché Ocal8PE DOXRSvEA, 1eﬁgm/ehahnfahqgr§3%§1 m}%‘ﬁs?ﬁy These

rotatively nounted, by |inkages 28 that are shown

| i nkmges memq&;uoke dehverdtdon®l spracker aeiplel NatARMAY .al sthd Ncl ude
electrically operated variable gear ratios clutches and/or brakes in 10 O
0 0 1 OCaxAGas di] Déy 688 2dohd ¢ et d2a%98atrdef cautitiey -t atdidger n of
rotation of the disks in response to rotation of the drive roller. Cable
and ot hemighunyeireage bpagnet aenatrasdern toabeoddaposad tdt tduposimeat i on
can be detected, located, and 5 tracked using well-known magnetic
detectloﬁ#ﬁﬁﬂgﬂﬁnﬁh%nﬁﬁbyﬁngbnr1aykasﬁ3nﬁgﬁ§tmmqimﬁﬁmdrxﬂﬁﬂah§£ﬁ$uxgate

16, belt and sprocket couplings 18, and gear ‘boxes 20 to )
10 rotational shafts. In this instance, each magnet M is
constituted by a pair of oppositely poled short magnets at
the end of a bar of highly permeable magnetic material
mounted on a rotational shaft 22. The magnetizer also
inciudes a housing 24 having a cover (not shown) with a
15 guide channel for the cable and a notch for exposing the
drive roller.
Fig. 10 shows, diagrammatically, a magnetizer for a
large diameter cable, . including two pairs of counter- )
rotating disks 26 carrying mirror-image magnets, the pairs
20 of magnets being arranged around the circumference of a
cable 12 that drives a drive roller 14. The drive roller is
connected to gear boxes 26, on which the magnet disks are
rotatively mounted, by linkages 28 that are shown
diagrammatically. These linkages may include belt and

25 sprocket couplings and may also include electrically

operated variable gear ratios clutches and/or brakes in

10




magnet oneters or gradigneters. See, for exanple, the nagnetic det ecti%n
equi pnent ‘di scl osed a clainmed in U S Patent |, cor por at ed fet dIGT D[B
ref er engg.gosoayn actual tests of the invention, on both 3L ed
cable and Ilant Iightweight unarnored cable, strong ext e?#g{mgﬁrrygggjet i C

field signatures were produced, which greatly facilitated accurate

hori zontal and vertical cable position determnation. In both cases, the
cables were easily 15 tracked at vertical distances of two neters. The
magneti zati on achi eved for the 51nm arnored cable was roughly the sane as
for a 20N9Rh &R arATerthe ceatpepnl pherotatihkndefetheodiskisadni ng and depth
determ nation possible at vertical distances approaching 6 neters. The
nmagnet | XRFRAPSD 7 ¥Peatien uphr kBeedrdasl sodderapproxi mately that of a 12-
i nch dianeter_pipeline, with detection, tracking and depth determ nation
possi bl e at \ﬁﬁi’ e Angi ether celpngakedsebircks mageersizBe: Bt ests i nvol ved
magneti zat i on, t hat duced a sinusoidal external magnetic field pattern.
25 Al't hcﬁfg‘??’fq\%n?ﬁg%? z@?g TRBFRELAR 8@§CE’Fb tersely 1psarefentnfhgnet s,

I d. Fixed, .pol.ari , ' I
o 6L OTAIE o s g BE-KiSH, HudEds s AL ARG O S
PCT/ US"/ j Ly i t b
7T o R TRl S ARAELY (LRSS IS con be |

. jacent 1 ! .
appl i ed JReNet bife £ &4 do£ 28r D81 ¥ALERYSC! CGLE, CRLLY exllips £3' h30EMENt Can
easily be enployed to 5 encode data magnetically on tThe cable, in a

di gi tal sfnetic detection equipment disclosed and claimed in U.S.

Patent ; incorporated herein by rgferenée.

10 In actual tests of the invention, on both 51mm armored
cable and 1llmm lightweight unarmored cable, strong external
magnetic field signatures were produced, which greatly
facilitated accurate horizontal and vertical cable position
determination. In both cases, the cables were easily

15 tracked at vertical distances of two meters. The
magnetization achieved for the 51mm armored cable was
roughly the same as for a 20-inch diameter gteel pipeline,
with detection, tracking and depth determination possible at
vertical distances approaching 6 meters. The magnetization

20 of the llmm unarmored cable was approximately that of a 12-
inch diameter pipeline, with detection, tracking and depth
determination possible at vertical distances in excess of 4
meters. Both tests involved magnetization that produced a
sinuscidal external magnetic field pattern.

25 Although the magnetizers shown and described employ
permanent magnets, electromagnets may also be used. Fixed

pelarity rotating electromagnets can simply replace the bar
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code, for exanple, whi can be read by the magneti tracki ng ft@grs Zﬁh’fh
an arrangenent may be d, for exanple, to mark?peaters or i% A '

along tWO @MY for future location. Simlar encodl ng of PCIEUSINIREMEt i cal | y

on 10 the cable can be achieved by varying the rotation of permanent
magnets or electromagnets with |inear novenent of the cable. For exanple,
a mcroprocessor can be used to control the rotational drive trains via
clutches, brakes, and/or variable gear nechanisnms. 15 Wiile preferred

mbodi he i ' . _sh d, described, th

cnbodi moamabe-( [ AIREHANIAVE, Qe8P oaey o TPELFORERRIES' ahA BE i1 be
: o . t Gifieart e o

 Uhout - BBARYRET adlaedt o 4 o fiha T bR BhCHBLRRTEK B 20 (e

SCope_of (phialeks o¥oleH b1 fld NiagRRERECH: G131 En pUNGh igqcl ai med is: 12

01 OCT 2003

1. met hod of "produci ng nagneti zation in ferromagnetic

naterialel@Et%&c@I%*ﬁﬂ‘%LigﬂéiianQQﬂQﬁESEQﬂ Hﬁgﬂgyabga?9§%%§%?h§% appl 'y

to a portion of sai

object a magnetic field that Tragne

f er somagaaticdedatia aladr i dEINE oh hBheCEgBLES #H! Al akgitsx%‘i& of

| ongi t udi nal

magneti zation that extends along the |[eng

that var tedeGofornuatdmpInerwiebeh cascbe, raad batheemabghetie multiple
cycles' of a radial external magnetic field around the object that in

subst ant kzxblcking isybteam | Swsginmahr agcrandeinbat axiebdsusledng fozhe | engt h of

t he object,

and providing relative novenent between said object and said

magnet i zexagpdeg thee navktrepdatensdovbppiicee apphy the wabilet ifoxfiel d of
the magnetizer to another portion of said object.
future location. imilar encoding of data magnetically on

10 the

cable can be achieved by varying the rotation of

permanent magnets or electfomagnets with linear movement of

the

cable. For example, a microprocessor can be used to

control the rotational drive trains wvia clutches, brakes,

and/or variable gear mechanisms.

15

While preferred embodiments of the invention have been

shown and described, these embodiments are intended to be

exemplary, not restrictive, and it will be apparent to those

gskilled in the art that modifications can be made without

departing from the principles and spirit of the invention,

20 the scope of which is =set forth in the appended claims.

What is claimed is:

12

h of the object and

A




2. A method according to claim1, wherein the external magnetic field has
radial flux lines the polarity of which varies repetitively al(phgl€he003

| ength of the object. 3. A nmethod according to claim2, wherein the radi al
flux lines are parts of flux |oops having axial parts that extend al ong
the length of the object on a surface of the object or internally of the
obj ect, and having axial parts that extend along the |length of the object
ext er nal Iy Bf "eHPD e Rrodcing npesRrt iwatdedi Ay ferrdmigneticwheterinl heh
cycles of tbe ad adiclgae¥liespfdcrTRgRehi fsfifhd hav 200 the
I)éngth of the obj ect.bt hat ilg%rea%g?&t hsalnﬂ ﬁ%l)%?dfg_hﬂac)é(@eﬁéggogﬁe%w

per pendi cul 5P ? oPPY¥Siqmerift P28 oRiget hadmagestidi njeld ¢haitnmagnehbzes n t he
vavel engt h ¢ge SeeFrondipett BemgBER 1Ud, of LG 5% 8Ral.TRODET {nﬁl%:gi d
decreases approxinmately linearly with distance of at |east a ne %_rom
the obj ect.S¥ 18 ek hbdenStietidigdg magner arat iPn vieate| extidralanadainandtiie i s a

plurality ofedflierse | eag: ob3el: LabETRAOS vir1dy TELAOLLAAGY UG Lo8l &I M S,
wherein the velength is a plurality of nmeters long. 8. "A netho
accordi ng tYTi%i nPEd WHEttei AeEHELT adital MakEigrkeal cymbemetdfc fi etadims a

square waveepaidrann ahaqpeedite | engid ohirobhe olymect . ekt Metief acgprdi ng
to claim1l, ereltgéﬁlge radi al external magnetic field has a sine wave

pattern al oHgIHE théf?‘i?ci"@ica&ﬂp’e@tm%?i%_ #2d hbbrtaceskendsy 2dond ai m 1,
wher ei n t hetityclesgelk olfongid Ud]bj’@&t,”a&ﬂ?t bl%g{ri@fhga][ §eP$ti|eR=.:~'allno4tnﬁMth and
i [ [ a en .
the cycles, bggwe%%dlsaé!idexoﬁaejgg%l arr.rt?igggtildcmaégetizagre glon%quthe len%th of
said object to apply the magnetic field of the magnetizer to

another portion of said object.

2. A method according to claim 1, wherein the external magnetic
field has radial flux lines the polarity of which varies

repetitively along the length of the object.

3. A method according to claim 2, wherein the radial flux lines
are parts of flux loops having axial parts that extend along
the length of the object on a surface of the object or
internally of the object, and having axial parts that extend

along the length of the cbject externally of the object.

4. A method according to claim 1, wherein the cycles of the
radial external magnetic field have a wavelength along the
length of the object that is greater than the width of the
object perpendicular to its length.

5. A method according to claim 4, wherein the wavelength is such
that the magnitude of the external magnetic field decreases
approximately linearly with distance of at least a meter from

the cbject.

6. A method according to claim 4, wherein the wavelength is a

plurality of meters long.
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11. A nethod of producing magnetization in ferromagnetic material of an
el ongat ed object, conprising applying to said object a nagneti@ If GETd2003at
magneti zes the ferromagnetic material in a nmanner that creates nultiple
cycles of longitudinal nmagnetization that extends along the length of the
object and that varies continually over each cycle, and that results in
multiple cycles of a radial external magnetic field around the object that
i s subst dnt® aPeyhed | peerydiag yto ssApimt r3.c ehetetihatthextwavdd eagtingishe | engt h

of the obj elgjural\gﬁg?r g'fnméglgrsrrqgggt_ ic field is applied during relative
| engt hwi se novenent of the objecl and a magnetizer, and the field applied

by the nmagnetizer has a polarity that varies repetitively. 12. A method

according.tp fbehdd ldccdhtlhg) nd herdadi 2l gXLAIGA cndBgleldc Hhalddias a
square wave pattern along the length of " the object. 13. A nethod according
to clai m1™MagResisi Aiehd Pagi al sevaes rwave magherncalong dthmslengthnefnave
pattern al onyg tdgekength of the object. 14 0 1 OCT 2003 14. A nethod
according to claim 11, wherein the cycles of |ongitudinal magnetization
are of equal length and the cycles of radial external magnetic field are

equal | engtd). mdfhod gBEHQE RS oy OdUGi O MegRetd Zat i Foufar ronagnehic
mat eri al of an eI_on(t:;at ed object, conprising applying to said object a
magnet i ¢ fiAHPStASt Thathdtas &s stRe Yo1e RRagRER| *lonmtdei Apngrh 2 er that
results in gbjeatti.al external nagnetic field around the object that is
substantially cylindrically symmetric and that varies along the | ength of
the object, wherein the magnetic field is applied during

10. A method according to claim 1, wherein the cycles of

longitudinal magnetization are of equal length and the cycles

of radial external magnetic field are of equal length.

1i. A method of producing magnetization in ferromagnetic
material of an elongated object, comprising applying to said
object a magnetic field that magnetizes the ferromagnetic
material in a manner that creates multiple cycles of
longitudinal magnetization that extends along the length of
the object and that varies continually over each cycle, and
that results in multiple cycles of a radial external magnetic
field around the object that is substantially cylindrically
symmetric and that extends along the length of the object,
wherein the magnetic field is applied during relative
lengthwise movement of the object and a magnetizer, and the
field applied by the magnetizer has a polarity that varies

repetitively.

12. A method according to claim 11, wherein the radial external
magnetic field has a square wave pattern along the length of

the object.

13. A method according to claim 11, wherein the radial external
magnetic field has a sine wave pattern along the length of the

object,

14




rel ative | engt hwi se novenent of the object and a magneti zer, aQq hb&h inql d
applied by the magnetizer has a polarity that varies repetitively, I n
t he magneti zer includes a pair of mrror-inage nagnets di sposed at
opposite sides of the object and the polarity of which adjacent to the
object varies repetitively during the relative novenent. 16. A nethod
accordinq to ¢laim15 wherejn the na%netizer I ncludes a plurality of said

pairs of agnét s"HihsBACH BRI tPh&labPectl, 1vheveinet Horl svedeai ®f to
claim 16, whefrgitndihel Magaedtsi 2 ieachre pPaf redudiiati@ngbAULn@XeRe tHA1dd € 1N a
pl ane transverse .tqg the length of the qbject. 18. A nethod according to
clai m 15, Wﬁgﬁaq&a?hgxﬁﬁﬁﬁgt agpehte £ frexesahdEenpgFR:- in a pl ane

transverse to the length of the object. 19. Apparatus for producing

magneti zation_in ferrqomagpetic . material of an el ongated object, conprising
a ?ragnet iatzsér f'\‘hatmeglilﬁgl uggs REOIS RERot i Hegl mignefEXEPPERId T 0 be

di sposed adjstzernialt @ft ke cljoaghted oppasi,t ecuiptesihdesgoiving dechad sm

t hat providegs. gyided relative ment of the object . and the nmagneti zer
al'ong the IGRGEN of (RE"SH S SaRd Hfs BRTIRreB00sh ol AERPRITHC
repetitivelmategriads time pomanneéy ofhatheremgitet sinadi acasdiallo ékeeolylect as

t he obj ect Jmved gelagive to th magpet s. ._ Appar at .u ccor qirln to
. th :
claim19, atgzr_el n t he nmagne T7eF ?:ngl ugg S plztg}aa |t1>? oF”%i?%Ptp]eﬁ é’gof _
magnet s ar rangedrigabdy diwpssd amwlnthathevatjesctalodd. thppdreaignd adcor di ng
to claim 1%&'\’“85?&& faghePlifalde "RANRISNABIAPAL U ARBYSIE G RY arity
end portions and The

relative lengthwise movement of the object and a magnetizer,

and the field applied by the magnetizer has a polarity that

varies repetitively, wherein the magnetizer includes a pair of

mirror-image magnets disposed at opposite sides of the object

and the polarity of which adjacent to the object wvaries

repetitively during the relative movement.

16. A method according to claim 15, wherein the magnetizer
includes a plurality of said pairs of magnets dispoged around
the object.

17. A method according to claim 16, wherein the magnets of each
pair rotate about axes that lie in a plane transverse to the

length of the object.

18. A method according to claim 15, wherein the magnets rotate
about axes that lie in a plane transverse to the length of the

object.

19. Apparatus for producing magnetization in ferromagnetic
material of an elongated object, comprising a magnetizer that
includes a pair of mirror-image magnets arranged to be
disposed adjacent to the object at opposite sides thereof, a
mechanism that provides guided relative movement of the cbhject

and the magnetizer along the 1length of the object, and a
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mechani smthat repetitively varies the polarity of the nagnets o] [ a
device that counter-rotates the magnets about axes that are sugjt Dm'i Zﬁﬁy
perpendicular to a longitudinal axial plane of the object and that lie in
a plane substantially perpendicular to the length of the object, and

sher el n ¢ henedekisch LRAL FOUIRER! AL ES dDGNIPIBRLS iyP OPRE @2@, i th

t he novenent of the object. ratus accordi ng t cI aim 2 erein
t he devi ce dfiacentolot &her Qba@‘é% Qﬂmthﬂag)ﬂ?eﬁst chaprivess reldrive to dibe t hat
includes a ggdy&d0ller arranged to be rotated by |ongitudinal novenent of
the object and a |inkage that causes the nagnets to rotate in response to
rotation of the drive roller. 23. Apparatus according to claim22, wherein

the linkage ipphvdessa a@egk&ﬁg{ hat RaLTH sldevarméfém Oéhé haa platign of

the magnets in response to rotation of the drive rol . par at us
accor di ng t¥reiuden 21 Plwraléty phesabdneaiysarcs n@apséﬁtearwadotta yedi sks.

25. A net hogllégogyd)\égghﬂg it roq,gggget ic material of an elongated object
with an external nmagnetic field for passive magnetic detection, conprising

using a magnetizer to apply to a portion of said object a magnetic field

that nagneti zepphberud erdRERaNSy | GoTBELL il 16N gymRAGH dat BEeaéae_L%
multiple cycles of |ongitudinal magnetization that extends al on the 16 0

1 OCT 2003 PRERfHT d12st fe RBjFeOf SRBOEHER RRAGXESYCSALI RAEFIS D

cycle, and hwéeHadi@sUkhst | Pegadili Pk ey CY4tRS Qi'leapéﬁéiﬂ'lazly oEXtRE n@égﬂ@c%net I C
field around the ol:;; ect that is %stantlall éhlndrlcall y. symretric and

that ext endSOHGFGS PheeY LR Hhass cPH’ét%‘bJré’(FPteﬁn DGt AgPP et ataxAs
nmovement  beaeedrs agtbalintahl aidpeRpehdiRgnati 265 aal10ngi t H@ih0N 0t Qf

plane of the object and that lie in a plane substantially
perpendicular to the length of the object, and wherein the
device that counter-rotates the magnets is coordinated with

the movement of the object.

22. Apparatus according to claim 21, wherein the device that
counter-rotates the magnets comprises a drive train that
includes a drive roller arranged to be rotated by longitudinal
movefnent of the object and a linkage that causes the magnets

to rotate in response to rotation of the drive roller.

23. Apparatus according to c¢laim 22, wherein the linkage
includes a device that permits wvariation of the rotation of

the magnets in response to rotation of the drive roller.

24. Apparatus according to claim 21, wherein the magnets are

supported on rotary disks.

25. A method of providing ferromagnetic material of an
elongated object with an external magnetic field for passive
magnetic detection, comprising using a magnetizer to apply to
a portion of said object a magnetic field that magnetizes the
ferromagnetic material in a manner that creates multiple

cycles of 1longitudinal magnetization that extends along the

16



said object to apply the nagnetic field of the magnetizer to ﬁgt bﬁr
portion of said object. 26. A nethod according to claim25, whe hgﬂﬂ3
ferromagnetic material of the object is first magnetized and then the
object is buried in the ground. 27. A nethod according to claim 25,

wherein the onByg mat eri al the object is. fir magneti zed and
t hen the ob] %rgth i S p%%eabﬁgﬁ%a?ﬂd Q%SHyVBF:L t §pntipal iynﬁ"?‘?&d &&or di ng
to cl ai m 25¢yaitear eandt hehdtal kresfftof imhemuhmiplict udgcDés t g r adi adqiext er nal
magnetic fi t-h d| Rfr thec ter . line of the opject is in
accor dance %ﬁfﬁa} %%r?eq: Swhef &° ﬁ{r: s B8R en Peand®H €S9, E\g t hdd
accor di ng t@m}dtaalmm%lym/aglmdritdmm/alslyfméfrﬁ ae thRgnextelaiofaldigy radi al
ext er nal v\%‘lflﬁl g Wi thh dlgta ce R fromthe centf line of the object
is in accor ance E RS up R S Sher % PECYEES nhRlarivey "R SRsHod
accordi ng tlketteanm=25d \m:aleetn aadc said phatét heer tdlengelaid arsliycp et ween
the magnit f r adi t ex na| net f.ielLd_and distance R from

t he centerul?aelée) oo]:;fj%%t 2 %}’Bg? Eﬁe 3 Ig\?tg tk#éeclzar\c/’% Fﬁﬁ LR HTE 58 ween
t he curves angtRegupoftbonl oiff Ragtowpjeat.FIG 7. 31. A net hod according to
claim 25, wherein a curve plotting the relationship between the magnitude
of the radial external magnetic field and distance R fromthe center |ine
of the 1760 1AQOWFthod3agbprding ites almwire A5he whereénlktResdpr 2omaghdieioween

the curves pl/RigPo2 aid K %c%hQWfJ[fhtFI g’ﬁngtlg’%} K grr%hhgdtﬁlgcqu ding to

claim 25, wherein the radi aI extern magnet fas a € Wwave
pattern al ofy Fdefeqytthefgrophd. obj ect .

27. A method according to claim 25, wherein the ferromagnetic
material of the object is first magnetized and then the object

is placed beneath a body of water.

28. A method according to claim 25, wherein the fall-off of the
magnitude of the radial external magnetic field with distance
R from the center line of the object is in accordance with

1/R.sup.n, where n is between 2 and 1.

29. A method according to claim 25, wherein the fall-off of the
magnitude of the radial external magnetic field with distance
R from the center line of the object is in accordance with

1/R.sup.n, where n is less than 2.

30. A wethod according to claim 25, wherein a curve plotting
the relationship between the magnitude of the radial external
magnetic field and distance R from the center line of the
object lies above the curve 1/R.sup.2 and between the curves

1/R.sup.2 and 1/R shown in FIG. 7.
31. A method according to claim 25, wherein a curve plotting

the relationship between the magnitude of the radial external

magnetic field and distance R from the center line of the

17




33. A nethod according to claim25, wherein the radial external t
field has a sine wave pattern along the length of the object. &%ﬁ%d
according to claim?25, wherein the cycles of |ongitudinal magnetization
are of equal length and the cycles of radial external magnetic field are

of equal | . t f o} N netization i.n ferromagnetic
mat eri al 01%}2%1&& gﬁggt e%ﬁ%g] gg?, gég%r?);&?'nsél%agangaﬁe#% N NGB s m f or
provi di ng giiRieaer8| and v/ Reemenin fIG.hé.obj ect and the nagneti zer al ong
the length of the object, and nmeans for operating the nagnetizer to apply
to a portion of the object a magnetic field that nagnetizes the
ferromagAéti cA mEEBPE sAAcdardingahnerlaiwat2scr shersimiit phdisy céxsemfal

| ongi tudi n J1RG ti e hat I of |t obj.ect and
that vari e?%ont iri_%ugﬁlggl/aog%% égag %@%ﬂ%&a%%gt%ggt g?%gjlhihse ilnen%‘%lht io,pfl e

cycl es of aha@PadecExternal magnetic field around the object that is
substantially cylindrically symetric and that extends al ong the | ength of
t he object. 36. aratus according to claim35, wherein the cycles of

| ongi t udPRal ARBRERPG AGEHdArE b9 etpidl 2Senyhereitd thise refitabsextofrmaddi al

external nagnpldtecf ebth atg @f seﬂea&a\léf%tc_*eerég?m}ﬂ?ﬁo%ﬁé%rpr iglng a

magnetic signature in ferronmagnetic materi al ongat obj ect,
conpri si ng,@5Styi ng to said object a magnetic field that magnetizes the
ferromagnetic material in a manner that creates nmultiple cycles of

| ongi tudinal npagneti.zation that extends along the length of 18 01 OCT 2003
the obj edt anft t QParFELTERE il Fy2berSeacheEfdre, they §Hcle® pfoduce

mul tipl e cymmeftabiinal atiglet@xhel il ar@getddualli ebfgr Rl oadHdeQhkgct t hat

extends along the length of the object
éggraG1a£ eékernal magnetic field are of equal length.

35. Apparatus for producing magnetization in ferromagnetic
material of an elongated object, comprising a magnetizer, a
mechanism for providing guided relative movement of the object
and the magnetizer along the length of the object, and means
for operating the magnetizer to apply to a portion of the
object a magnetic field that magnetizes the ferromagnetic
material in a manner that creates multiple cycles of
longitudinal magnetization that extends along the length of
the object and that varies continually over each cycle, and
that results in multiple cycles of a radial external magnetic
field around the object that is substantially cylindrically
symmetric and that extends along the length of the cbject.

36. Apparatus according to claim 35, wherein the cycles of
longitudinal magnetization are of equal length and the cycles

of radial external magnetic field are of equal length.

37. A method of providing a magnetic signature in ferromagnetic
material of an elongated object, comprising, applying to said
object a magnetic field that magnetizes the ferromagnetic
material in a manner that creates multiple cycles of

longitudinal magnetization that extends along the length of

18




and so that the fall-off of the magnitude of the radial external néé]el%ﬂ
with distance Rfromthe center line of the object is in accor b vaob3
1/R sup.n, where nis less than 2 and greater than or equal to one,
irrespectice of the radial direction fromthe object. 38. A nethod

accor di ng ten&! @48c37 anhenst nvameesr %@h@&n&ﬁ%{) rzs%ler gﬂeigz éthgsldpd s a

square vvave pattern along the length of the accordi ng
to clai m 375 BFQRICK MHECIRIR Aycdrecphat farﬁﬂgheﬁi@efﬂ@ thabpastic sty dvave

pattern al Oéhgjdrﬂii‘ trengbheof tha ORietal: afOng ngtﬂé%@tﬁcsié’fe'ﬁ@goﬁ%%&' ai m

37, wherein, in the course of the magnetizing o ferromagnet
material, t#e eF8ngdtedd thej dallithoPéd thsghesmi tisle yof 413heA yadiedd

accordi ng téxtddial Fhel@Nafiehn dikeaf¥e! 8S fobm kBRIIdMELPak s HBIRGL iFation
are of equal l ength and the cycles of radial external nmagnetic field are

of equal | eTRASFE 45, 1A ACTHSHENGE Pibli HimEUR - Ragheate nsilgnies? ethéﬁl 2

ferrorragnetan‘d g‘ﬁa@élrakh@ﬁ ap eheaDat£doab] eGlnespRAPI S| NP RONEIdizi1Ng the
ferromagnet {c materi manner that results in multiple cycles of a

radi al extée ]rﬁﬁCtrJrﬁé‘ngf‘F’E tfl'feeloé?Jﬁ?Bund the object that extends along the

I ength of the object over a plurality of neters, wherein each cycle

I ncl udes a portion ex end| g bet ween palarity reversal points in which
Bx e 5ara

radial f I ihng'gtla? rFeye e PRERFIhENShFeetat npsRIGdt t hat

portion aﬂﬂhgi‘!mtleIleﬂ)dt has exs@mditgvdiel WReBep! Alddy H1QVEISRcHP@ENts in
whi ch radla&i fl X #nes of opposite polarity emanate from the object

t hr oughout }h ot [ portion, and wherein the 19 0 1 OCT 2003 magni tude of
the radial external magnetic field varies

39. A method according to claim 37, wherein the radial external
- magnetic field has a sine wave pattern along the length of the

object .

40, A method according to claim 37, wherein, in the course of
the magnetizing of the ferromagnetic material, the elongated

object is moved longitudinally.

41, A method according te claim 37, wherein the cycles of
longitudinal magnetization are of equal length and the cycles

of radial external magnetic field are of equal length.

42. A method of providing a magnetic sgignature in ferromagnetic
material of an elongated object, comprising magnetizing the
ferromagnetic material in a manner that results in multiple
cycles of a radial external magnetic field around the object.
that extends along the length of the object over a plurality
of meters, wherein each cycle includes a portion extending
between polarity reversal points in which radial flux lines of
one polarity emanate from the object throughout that portion
and another portion extending between polarity reversal points

in which radial flux lines of opposite polarity emanate from

the object throughout the other portion, and wherein the

1s



progressively throughout each portion. 43. A nethod’according tﬁ. ikﬁjahéﬁ,
wherein the portion of the cycles of radial external nmagnetic ikl a f

equal length, and wherein the radial external nagnetic field is
substantially cylindrically symretric. 44. A nethod according to claim42,

wherein_t hendiliclaee e nehe MRS © LkeklaS ARl e eYBYS RALLGLN al ong

the length of° the object. 45. A nethod according to claim erein, in
t he course EWOQHQ%§lHﬁghe%hﬁﬁqﬁ?°éF edeh foortdémagnetic material, the el ongated
object is noved longitudinally. 46. A nethod of providing a nagnetic
signature_in ferromagnetic material of an el ongated object, conprising
magnet i zi*Ag t Re MefBPR oRBERRAING kRt €RRAP 42 avhemeder thhaportiwt exf miletipl e
cycles of |enaids@mabanBgneki aalhohabliet ; X34 53k0BY Lhgay | £l OF the
obj ect over a plurality of neters, in"which the magnitu o% t

| ongi t udi naA"hagWBEF9ER | orthear i ¥adigdr ogrreeinadl y mhgrsigitout feeth cyisl e, and

wher ei n t hesudaeki it Pady MBGREELTRY) | QRAmkesyLts in nultiple cycles of a
radi al external magnetic field around the object, each cycle of the radial

external magnetic field including a portion in which radial flux |ines of

one pol amity anmmeshed fdcubddiag ob] €rdid hpougheut: 36%deqnes1 and.aaat her
portion in which, K radial flux Iines of opposite polarity emanate fromthe

obj ect t hrGIFGFSAE 38610ehrRe. sqyaTen Wasteh R tEEER 81 PRE t'd | LanEtE6s ofwher ei n
t he fall-oftfheofontjbet. magni tude of the radial external magnetic field with
distance R fromthe center line of the object is in accordance with

L/R sup.n, where nis between 2 and 1, irrespective of the radial

di recti oasfrom meehodj eétordithg to claim 42, wherein, in the course of

the magnetizing of the ferromagnetic materiai, the elongated

object is moved longitudinally.

46. A method of providing a magnetic signature in ferromagnetic
material of an elongated object, comprising magnetizing the
ferromagnetic material in a manner that creates multiple
cycles of longitudinal magnetization that extends along the
length of the object over a plurality of meters, in which the
magnitude of the longitudinal magnetization varies
progressively  throughout each cycle, and wherein the
longitudinal magnetization results in multiple cycles of a
radial external magnetic field around the object, each cycle
of the radial external magnetic field including a portion in
which radial flux lines of one polarity emanate from the
cbject throughout 360.degree. and another portion in which
radial flux lines of opposite polarity emanate from the object

throughout 360.degree..

47. A method according to claim 46, wherein the fall-off of the
magnitude of the radial external magnetic field with distance
R from the center line of the object is in accordance with
1/R.sup.n, where n is between 2 and 1, irrespective of the

radial direction from the object.
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0 1 OCT 2003 48. A nmethod according to claim46, wherein the ra[g'&/gé
external magnetic field extends continuously between polarity r 612003
poi nts throughout the I ength of the el ongated object. 49. A nethod

according to claim46, wherein nmultiple poI arity reversi ng poi nts of the

mul ti pl e sgycl @ﬁnefthaadé@éoﬁ&&@r B8l c1JBgNeL %hé#s SR8 jthe
| ength of the object to define a wave en jt h of eac e of t e radlal

external nERFAGIC fiteld enbends %@teweus%n bmeelnh@dﬂalrh.txaf fendrddie
magni tude Ofoidte radbabnhsud @Rk HBONGSH ¢nbi si%d&f/g gé@@ce R from the
. Su

center line of the object is in acCordance wt where n in
between 2 and 1. 50. A nethod according to claim46, wherein the radl aI

ext er nal sonagnetiethbhehdchagimy SaEE; MRAVA PAlHS L the
object. 51. A nethod accor dllnrggto cl allm 46, wher e?rﬁ #ﬁgg%%{? 4) ext etynal

magnetic fiETEI489a RYRESwAfe Hin t BaH iglenFycies| afgt Padifalt hextejadct . 52.

A net hod aofHrditig Eﬁeﬁhahﬂb4gpa&9§r§16h 'Ehé'ﬁ%ﬂayﬂr%ﬁ Uhe (d1FTRINGL I ZI NG
of the ferr Err@g;jnetlc material, the eIongated obj"ect iIs nove

| ongi t udi nd 537 NaYELFRIthcPbr BATY @Y Cicai f 46hewraddiad tevetaraailal f 1 ux

lines are tdiumlﬂautfleaﬁhtﬁaﬁl es Qéléaﬁed adl alhAXt@fdad 51 1MTRgRELiFC hiel d
bet ween pol arlt reve siz:a]%pm ts. A net hod according to cl ai m46,

wher ei n t hé™Shd Fugs lnz%"tﬁﬁ’@r?ujet‘}‘az%ﬁeitéﬁ Ai818f wilduadistangeh and
the porti chsfodm tties cg@im of ideadh il tigxt eyt MBONEt | ScddRlGoar &ichlf equal
l'ength, and mherein the radial flux |lines Smanate from the object

t hr oughout ch UBoPt i "I T 5SS 1R RetHSE 6t 2B obi di ng a magnetic signature in

ferromagnetic material of an el ongated object, conprising magnetizing the
50. A method according to claim 46, wherein the radial external

magnetic field has a square wave pattern along the length of
the object.

51. A method according to claim 46, wherein the radial external

magnetic field has a sine wave pattern along the length of the

object.

52. A method according to claim 42, wherein, in the course of
the magnetizing of the ferromagnetic material, the elongated

object is moved longitudinally.

53. A method according to claim 46, wherein the radial flux
lines are throughout each c¢ycle of the radial external

magnetic field between polarity reversal points.

54. A method according to claim 46, wherein the cycles of
longitudinal magnetization are of equal length and the
portions of the cycles of radial external magnetic field are
of equal length, and wherein the radial flux lines emanate

from the object throughout each portion.

55. A method of providing a magnetic signature in ferromagnetic

material of an elongated object, comprising magnetizing the
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21 01 OCT 2003 ferromagnetic material in a manner that produces mnultipl
cycles of a radial external magnetic field around the object t Qak Qﬁxpaﬁﬂﬂs
along the length of the object and in a manner such that the fall-off of

the magnitude of the radial external magnetic field with distance R from

the center l_céfl@or{;g%ntelggc oGt shS 40 acoprdance SP}V\EGSU g%t 0 enis

between 2 and A net hod according to cl al m Feln adi al
external nEERERS coF | 2| TRdad £xguare nagretpat tieddalagngnd hehe eolgidéctof  t he

obj ect. 57. HaEERAh AL CAIHNErE0 ekt B2, HOCEEILcd Ned adi Al gxLernal

magnetic field has a sine wave fpattern al ong the engt ect 58.
A net hod ac®eflithptt shel dpkd 55 L Wife £bR nmagmi tude eéutlsse Im‘dlatlhexnazgurﬂa‘t i zi ng

of the ferreagenstd ceatenidn cilhﬁa%l:@nﬁatﬁqu Vld}l:%rnq\ﬁg

| ongitudinally. 59. A method according to clai m 5 erein the cyc]T es of
the radial “R&%r nd Yhgraoreanre| vl el 6t segual Wbmgﬁ hn abel bérwegradd al
external nmagmetic field is substantially cylindrically symetric. 60.
Apparatus for producing magneti zation in ferromagnetic material of an

el ongat ed obj ect, conprising, a magnetizer constructed to apply to said

obj ect assagnet methbel @Icé&ahngrfaln@iéﬁ@%st henb LI ANBANGLISG sMBLLfdAlal N @
manner that creates fén'g I e cycles of |ongitudinal nagnetization that

extends al BHYTHE | F f‘hé%ﬁ"ec‘t’a%?ncPattﬁanvaiP’é% elomt 1ereh of over
each cycl e, tlendbtjleat .results in nultiple cycles of a radial external
magnetic field around the object that is substantially cylindrically
symmetric and that extends al ong

57. A method according to claim 55, wherein the radial external

magnetic field has a sine wave pattern along the length of the

ohject.

58. A method according to claim 55, wherein, in the course of
the magnetizing of the ferromagnetic material, the elongated

object .is moved longitudinally.

59. A method according to claim 55, wherein the cycles of the
radial external magnetic field are of equal length and the
radial external magnetic field is substantially cylindrically

symmetric.

60. Apparatus for producing magnetization in ferromagnetic
material of an elongated object; comprising, a magnetizer
constructed to apply to said object a magnetic field that
magnetizes the ferromagnetic material in a manner that creates
multiple cycles of longitudinal magnetization that extends
along the length of the object and that varies continually
over each cycle, and that results in multiple cycles of a
radial external magnetic field around the object that is
substantially cylindrically symmetric and that extends along
the length of the object, said magnetizer having a mechanism
that providés relative movement between said object and said

magnetizer along the length of said object.
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the length of the object, said magneti zer having a nmechani sm t@a{ r{ﬁﬁoéh es
rel ati ve novenent between said object and said nagnetizer alon I h
of said object. 22 0 1 OCT 2003 61. Apparatus according to claim60,
wherein the nagnetizer nmagnetizes the ferromagnetic material such that the
cycles of the radial external magnetic field have a wavel ength neasured

in nmeters. 62. Apparatus according to claim®60, wherein the cycl es of

| ongi t udfhal ABRPAERT YAt RERCERINDT teqgahines@t h wredetihe thec| msgnadfizeadi al
external MBgRAlG 2bkCtHe 3f &rRinaGlUal o | RN 2163, APPAL AT US, TRIRIOGYCT Ng
magnetization in ferromagnetic “nmaterial of an el ongated oebj ct,

conpri si ng,*BE HEghiedi sk magsstiesfield Hayeols ewvedenaynetdasired! d t hat
magnet i zes theetbegromagnetic material in a nmanner that creates nultiple
cycles of |ongitudinal nagnetization that extends along the Ilength of the
object and that varies continually over each cycle, and that results in
mul ti pl esgycl app@fatud agdiabradid efHal1apaneti C xfzﬂ@rleq.nar%dc%gfeé)bjoﬁm that
is substantially. cylindrically symmetric and that extends along the

| engt h of ﬁﬁ@%ﬁ%@&%ﬁll SERMSAFRELPT ATHRA FFVaIneEREHP stAd tthe 9¥5V€S t he
obj ect | engifhwigeal ebaid iRl Babher MRGARIEZEFe H eghBPAI&idtS: according to
claim63, wherein the nagnetizer nagnetizes the ferromagnetic materi al
such that the radial external magnetic field has a square wave pattern

al ong the3. | eagpdwrarfus h&oabj pebdudihg ApBanat 18 HGROT dhNJféHr ShRjrid 63,
wherein thgnarg%cllmae&i zgr rrfignetiz{ﬁs the ferromagnetic material such that the
radial  externar maghett CFPErEeH aP e nEORRY S g t &r FREPYriFEEh&aFengt h
of the obj egiplies to said object a magnetic field that magnetizes the

ferromagnetic material in a wmanner that creates multiple
cycles of longitudinal magnetization that extends along the
length of the object and that wvaries continually over each
cycle, and that results in multiple cycles of a radial
external magnetic field around the object that is
substantially cylindrically symmetric and that extends along
the length of the object, said magnetizer having a mechanism

that moves the object lengthwise relative to the magnetizer.

64. Apparatus according to claim 63, wherein the magnetizer
magnetizes the ferromagnetic material such that the radial
external magnetic field has a square wave patternlalong the

length of the object.

65. Apparatus according to claim 63, wherein the magnetizer
magnetizes the ferromagnetic material such that the radial
external magnetic field has a sine wave pattern along the

length of the ocbject.

€6. Apparatus according to claim 63, wherein the magnetizer
magnetizes the ferromagnetic material such that the fall-off
of the magnitude of the radial external magnetic field with

distance R from the center line of the object is in accordance

with 1/R.sup.n, where n is between 2 and 1.
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66. Apparatus according to claim®63, wherein the nagnetizer mag{gftgégsz b?e
ferromagnetic material such that the fall-off of the magnitude 0
radi al external magnetic field with distance Rfromthe center |ine of the
object is in accordance wth 1/R sup.n, where n is between 2 and 1. 23 0
1 OCT 2003 67. Apparatus according to claim63, wherein the magnetizer
magneti zes the ferromagnetic material such that the fall-off of the

magni t udé’of HPParatval asgetdied fagrdein f§3%l dwvhgrdin dilse amsen& fzeom t he

center |inem&5né€y%e9bk%%tf@%rbﬁaﬁ&&@$ﬂﬁﬂﬁ%§iﬁﬁtguéﬁRtﬁﬁg'Qhem@gif%éké s less

than 2. 6B. Apngarat us according To claim wherein t cycles o
| ongi t udi naPf neiPelpgaitwie afe Bie expiilall engermahdmetretic| Bbeldfwitddi al

external megneldicel RelkdoRl Endfcet@ud! 11 80U M 189 AP Y§ Bgeogéz%ed' ng a
magnetic signature in ferromagnetic nmateri al o? an el ongat ed object,
conpri si ng, "Eh Ae@néuPzer vhene Bppsikesa ¢heai - obj ect a magnetic field that
magneti zes the ferromagnetic material in a manner that creates nmultiple
cycles of longitudinal magnetization that extends along the Iength of the
obj ect a8 -t hAPPeERT e ESAPFRIRT | §° léimeath cykeeeip BBet gypreduce

mul tiple cyrh@sfitliidal aghghet @486k r 8GRIl ehdeAr gHAdcfibe.pbjLCt t hat
extends al ong the_length of the object and so that the fall-off” of the
magni t ude off tiiRddrEFeERReMigPet el Tistidt AT i of AR IRIERSHR - t he center
line of the object is in accordance with 1/R sup.n, where n is between 2
and 1, irrgespective of the radial , direction fromthe object. 70. Apparatus
accordi n§”to CPRPHPEYS wH&ei nPERSICRE es®of MPERRfitUdi SR ARt i Zat i on
are of equatedrmngbheand hbeecidl asf 4 ¢BSigleaxbehBat, NBgRSEiGink, elzd are
of equal Ienggt h. . . . . . .
magnetizer that applies to said object a magnetic field that
magnetizes the ferromagnetic material in a manner that creates
multiple c¢ycles of longitudinal magnetization that extends
along the length of the object and that varies continually
over each cycle so as to produce multiple cycles of a radial
external magnetic field around the object that extends along
the length of the object and so that the fall-off of the
magnitude of the radial external field with distance R from
the center line of the object is in accordance with 1/R.sup.n,
where n is between 2 and 1, irrespective of the radial

direction from the object.

70. Apparatus according to claim 69, wherein the cycles of
longitudinal magnetization are of equal length and the cycles

of radial external magnetic field are of equal length.

71. Apparatus for providing a magnetic signature in
ferromagnetic material of an elongated object, comprising, a
magnetizer that magnetizes the ferromagnetic material in a
manner that results in multiple cycles of a radial external
magnetic field arcund the object that extends along the length
of the object over meters, wherein each c¢ycle includes a
portion extending between polarity reversal points in which

radial flux lines of one polarity emanate from the object
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71. Apparatus for providing a nmagnetic signature in ferromagnetnl q;ﬂt%ﬂ?l
of an el ongated object, conprising, a nmagnetizer that nagnetizes t
ferromagnetic material in a manner that results in nultiple cycles of a
radi al external magnetic field around the object that extends al ong the

length of theceficet t@&@rpBEﬁﬁi&,aM@'r@tﬂe?aEBr@ﬂ&l %ﬂt@ﬁhuﬂgsb@twéﬁﬂlon
ext endi ng between polarity reversal points in which radial Tlux |ines of

one pol arit¥° terF?’SFﬁ?]ne opEst 3 ohichocradbl thHigughdues t Rk

portion andoppsdites préii@ﬁ éndraitdi RdoReineehjepel ahtdugHoayeral ot s in
whi ch radi al fI ux |ine osite polarity emanate fromthe object

t hr oughout P®E meran‘goP”F?B ante L huff e Ofadiia ubRdtHL tﬁét‘?’%&ﬁlal

external nagpeddie fietd wﬁﬂe@spabggéﬁ@sﬁew ¥ hi QiHeRO ek cRAEH tiQunt.i on. 72,
Apparatus according to claim 71, wherein the portions of the cycles of

radi al external magnetic field are of equal Ilength and the radial external
nmagnet i ¢ 7i.el dpparattst astoadiny ©yl enslin cad | ywiserreiet I’ﬁlﬁa ﬂ&ty%m@arc&t us for

provi di ng a_ magn G, Si nat ur.e. i ferr netic al el ongat ed
obj ect, conmptf H&i ﬁggr@t 24 e("f’f&tmﬁggﬁ%‘?flﬁ'é%c?? i rFSF’ra et Tt eri al
in a rrannelemgttai andeahesradi ]l pixeeeysel esagpiletiiongiéldliimalsubeagneidalzat i on
al ong the I%ngltndnfca&tl'ue %e%t .qver neters, wherei n the nmagnitude of the

[

| ongi t udi nal” ‘nmagnéti za Vari es progre55|vely t hroughout each cycle, and
wherein the |ongitudinal nmagnetization results in nmultiple cycles of a

radi al external %ngggg%l c d4.el dP%QP&ﬂ"o‘# Pe aobj %gé%e ch ﬁ?%?t‘é% tt}L radi al

ext ernal magne reld including a p ion in ernal fl ux
| i nes of onkepwsimagneyiemmateridk onf whe edbpgated hpblﬁgtm)utcmi@égge@ and

anot her por&ééﬂéﬂﬂ}e@h'éﬂét magnetizes the ferromagnetic material in a

manner  that creates multiple cycles of longitudinal
magnetization along the length of the object over meters,
wherein the magnitude of the longitudinal magnetization varies
progressively  throughout each cycle, and wherein the
longitudinal magnetization results in multiple cycles of a
radial external magnetic field arcund the object, each cycle
of the radial external magnetic field including a portion in
which radial external flux lines of one polarity emanate from
the object throughout 360.degree. and another portion in which
radial flux lines of opposite polarity emanate from the object

throughout 360.degree.

74. Apparatus according to claim 73, wherein the magnetizer
magnetizes the ferromagnetic material so as to produce
multiple polarity reversing points of the multiple cycles of
radial external magnetic field that are spaced along the
length of the object to define a wavelength of each cycle of
the radial external magnetic field determined so that the
fall-off of the magnitude of the radial external wmagnetic
field with distance R from the center line of the object is in

accordance with 1/R.sup.n, where n is between 2 and 1.
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radial flux |lines of opposite polarity emanate fromthe object throughout
360. degree. 74. Apparatus according to claim 73, wherein the maglhétﬂﬁgrzmn
magneti zes the ferronmagnetic material so as to produce nmnultiple polarity

reversing points of the multiple cycles of radi al external magnetic field

t hat t R@co haf def i I th of
Th cycle o PPRer e Ao e O GRalt 11 cPHCHE Ly RRoGYEHEnal { ho

each cycle of the radial exter magneti c t he
fall-of f oflen#E tyddRpl udeagretiratiani akrextef nadquaﬂgné'engthf i #ndl wiHeh -

di st ance FzééﬁﬂﬂdhgedEth%rc&bﬂ@sogftpﬁe g&%%%_ 8586 CCOFQ%ﬁb %ﬁﬂﬂé

1/ R sup.n, where n is_betweén 2 and
accordi ng tTFTICH #AP8L hpratd r‘?nﬁhéheymdﬂsilofexthnm@l tflicixn Al nemgeredriazat i on

are of equafrduenghbd apielhe tmlfghggg ggthe g%_clﬁs o% &hePr?ghil o tegrnal

magnetic field _are of equal | ength an erna
emanate f rigifiide SFbpERel t WFRHsutt ieddhiporuberantind lxhey2indt hel lyadi al

external nagaaldceikield is substantially cylindrically symetric. 76.
Apparatus for providing a magnetic signature in ferronagnetic material of
an el ongated object, conprising a nmagnetizer that magnetizes the

ferromagneti cappiedidl | Foz nﬁﬂé\%dltn t produces qul tiple, es a
radi al external %net ic field around the object that ex?e%ﬁg Sl o(r%gg1 t he

length of & BBFRTYIC afd*¥n% rfhnak §be¢sém ehectal |carprising he

magni t ude ofaghkeiradi ahaeXtrighat i FEGNEHEC ffe&-%\qa%gﬂcdl sladce) Rirgmthe
center l'n'?ngﬁ-; th o ect ‘Jeﬁs I n accordance with "1/ R sup.n, wherein n is

bet ween 2 an Ap%’é‘? §S R @LRg T Crai th 78, %ﬁél rexteangycl es of
the radi almaemteeinaflesmigm’fouﬁdftleé bifjlee t 0t h€ Uit rRBIE NoAR A H 8 engtn

of the object, and in a manner such that the fall-off of the
magnitude of the radial external magnetic field with distance
R from the center line of the object is in accordance with

1/R.sup.n, wherein n is between 2 and 1.

77. Apparatus according to claim 76, wherein the cycles of the
radial external magnetic field are of equal length and the
radial external magnetic field is substantially cylindrically

symmetric.

78. An elongated object comprising ferromagnetic material
magnetized to provide multiple cycles of longitudinal
magnetization that extends along the length of the object and
that wvaries continually throughout each cycle, and that
results in multiple cycles of a radial external magnetic field
around the object that extends along the length of the object
over a plurality of meters, and wherein each cycle of the
radial external magnetic field includes a half-cycle in which
radial flux lines of one polarity emanaté from the object
through 360.degree. and another half-cycle in which radial
flux lines of opposite polarity emanate from the object

through 360 .degree.
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radi al external magnetic field is substantially cylindrically
78. An el ongated object conprising ferronagnetic nateri al magnglﬁ]i zed to
provide rmultiple cycles of |ongitudinal rmagnetization that ext ds afofﬁﬁ
the length of the object and that varies continually throughout each
cycle, ang that results in nmultiple cycles of a radial external magnetic
field around the®oHj¥dted hehiast eadsoniiong tdiechgngt hgof he obj ect  over
a plurali tycmlermtefs,lcﬁy@qt%?ﬁﬁ n gaghtc cle of the r adi 6{1 &xtler
magnetic figld includes a hal “CyclEPREAATERT ramR afdenticdli nesesf sone
polarity e natet¥o t et el théroughes368. Qg@f@ﬁ-ext%?ﬁai‘”nﬁ’é her_,

hal f - cycl e firldhiach iaeh@lcaif gyérlé%%s OE‘ .ogposi te polarity enanatefrom

t he object through 360 degree. 26 1590 metens. el ongat ed obj ect
accor di ng to claim 78, wherein the cycles of |ongitudinal nagnetization
are i dent? cal Anverormyatplduesk bty .ers_and the cycles of radial external
magnetic tjeld are ident | cgl o.\/efaa;coarpaé)L Ar 5P i T4216F 78et whereo mAnielengat ed
obj ect accordrng ¥ o EV&FFATEB, PR of muhei phetipod abjtyed eyer $i,Ag, poi nt's
of the nul ekpeen&l chegnefid agh alg %e\gﬂg&l 4 etic field are spaced al ong
the Iengthegfethe, o 'e[fct to define a wavel n%???goftléeachew& eobf théie
radial external nagnetiBef ifeltPisdeaghhned sadnhadydike dal Lrof £ 8;& he
nagn| tude Sq{t@m]r a‘@gabtﬁdtﬂélai d@%ggﬁ_f“&&d fE‘piOelt% \é\ﬂ t h d| st ance ﬁ romt he
center |ing,gf; Qi egt is.in accor at fke fad Inoffhef ethe i s

ance wt
between 2 and 1. 81.  An 6l 6AGRRb B Eel megne it qigf e oCkakm &8st ein the
radi al ext%rﬁﬁPmnﬁgﬁepbntéfehm@agfatﬁgngbyxgé/g pattern along the length of

. in accorddnce with
the objecti/rR.sup.n, where n is between 2 and 1

B1. j V
An elongated object according to claim 78 wherein the

radial external magnetic field has a sine wave pattern alon
the length of the object. ’

82. An elongated object according to claim 78

radial external magnetic field has 3 Square wave p
the length of the object.

wherein the

attern along

83. j
An elongated object according to claim 78 wherein the

object is a fiber optic cable.

84. i
An elongated object according to claim 78

| . wherein the
object is a ferromagnetic pipe.

85. j
5 An elongated object according to claim 78

, wherein
magnitude of the e

longitudinal magnetization
pProgressively throughout each cycle thereof

varies

86. j
An elongated object according to claim 78, wherein radial

f1 i
ux lines emanate from the object throughout each cycle of

. . .
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82. An el ongated object according to claim78, wherein the radial external
magnetic field has a square wave pattern along the length of thg 108C§c?003
83. An el ongated object according to claim78, wherein the object is a
fiber optic cable. 84. An el ongated object according to claim78, wherein
the obje IS fer etic pipe. 85. An elongated object according to
clai m 78, g?}\her%l?n % é—g’gﬁ%%nf%aagt OPCFHEd’r’Eﬁ]gFPud?glr?élm nénewhern¢imontuari es
progr essi veloy<lhs oufjhadiadaekt eyed 1e nlabaeeod . £:889 ApeELP eidlg{g#teﬁ:t
according to claim78, wherein radial flux lines emanate tromthé obj ect
t hroughout each cycle of the radial external magnetic field between

pol arity $®veral elpwigated 28bfedt OeImAQ3nd7. rAP-chafEatied QRigGh

. . . : 1
according t@agl , erein_the cycles of radial external magne?l C
field are of aéq%%ﬁ%%nﬁpﬂ.a%BFoArP@db%ﬁat@ﬂlto‘t?jléctcl‘,@r?@ri sfna f erdoatgneti c

material nmaghernaledragnessct dipladaeeundl thol &1kl §9,2¢f e@t@ﬁg%]a%%ox?ﬁ;er nal

magnetic fiehd § e .object that extends along the [|engt
obj ect over a pl Eggﬂgt %Pofﬂﬁeto% &Lndveh 2t RAtrahEY A1 -wtferst amk so

magni t ude ofhehetheadicdll -eferolthd ahagnivhdd ot shansgaRf rdahhe septer |ine
of the objegithsSgiB od Lth 1/ R sup, n, where Ris in a range of
several meters andt%lig{eﬁn%{}gﬁl e 1SS HiHeesplctnGe oBpeehe isadiml
direction fRefR%drEcEhjwith. 188. svp. el ontgateedk o end &CeQhd NGr t Qe GdAiM 78,

wherein th i e i¢.field is substantiall cylindricall
SynnEtriC.egEFégyignd Xherpal PRONELd G 2, irrespective of Xheyradial y

direction from the object.

89. An elongated object according to claim 78, wherein the

radial external magnetic field is substantially cylindrically
symmetric,
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