- 4 SEP 2003 ELECTRI C POLARI SATI ON DI STRI BUTI ON OF A VESSEL The present

I nvention relates to the neasurenent of the electric polarisation

di stribution characterising a vessel in water. Background The functi Mu a
magnetic range is to nmake neasurenents of the nmagnetic field from hﬁgs

and submarines and provide information to set on-board counterneasures to
mnimse the threat frommagnetic m nes. A known transportable nmagnetic
range is that sold under the trademark Transmag by U tra El ectronics
Magnetic Division. A key part of the Transmag systemis its ability to

Create a conput gnetic ranges, not
I nvol vi ng nodel mgfﬂm@s@@%ﬁ@ﬁ+

2 SIS KA M ldensor s

di spl ayed on a conputer screen, chart recorder or the like, and this data
is as much affected by the ship passing the sensors at different distances
and water depths and other environmental circunstances as it is by various

changes wirhe braest RER ' i ShiiRaGonseguent Ly,
the interpre gt i on of tt{]ngregﬁgfsaﬂﬁgg\?}é%agm gla %n?tlt@?u %_efe%%cugc%]%&saggn ?&%ﬁl&rﬁ‘)@
nodel in hich a.shig i s considered as a distribution of dipoles, the
measur ed SORRFIEITRE 4Xes5el18 WAl shown directly but cal cul ated data using the

nodel is displayed. The displayed data is corrected so as to be as if the
ship was passing over the exact centre of the range at a predeterm ned

&

™

depth. Thus, the only variations in displayed data are due to real | - 4
SEP 2003
Background

The function of 2 magnetic range is to make measurements of the magnetic field from ships
and submarines and provide information to set on-board countermeasires to minimise the
threat from magnetic mines. A known transportable magnetic range is that sold under the
trademark Transmag by Ultra Electronics Magnetic Division. A key part of the Transmag
system is its ability to create a computer magnetic model of a ship. In other magnetic
ranges, not involving modelling, the user sees magnetic measurements from sensors
displayed on 2 computer screen, chart recorder or the like, and this data is as much affected
by the ship passing the sensors at different distances and water depths and other
environmental circumstances as it is by various changes which are made to the Inagnetic
state of the ship. Consequently, the interpretation of the data is very difficult. By using a
magnetic model in which a ship is considered as a distribution of dipoles, the measured
magnetic data is not shown directly but calculated data using the model is displayed. The
displayed data is corrected so as to be as if the ship was passing over the exact cenire of the

range at a predetermined depth. Thus, the only variations in displayed data are due to real



changes in the magnetic state of the ship. In consequence, interpretation
of the data is made nuch easier but, nore inportantly, further prggsfﬁﬁmﬂ
by conputer is possible. Magnetic nodelling has reduced the Dunber

sensors necessary from dozens in sone cases to a mninumof three if the
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conpet ent "navigati ona

described in a paper entitled "Mgnetisation Mdelling Techni ques" by Dr G
J Viebb, TRRICRE9SIEr byismpredmporawty, F PIREeSSIR DY cempiist BYRoSsiPl§nal  Conf er ence
Proceedi ngs, 1994, M newarfare, Vessels and Systens -3. The nmmagnetic

nodel ling technique is briefly sunmari sed by the equation B ='oD. mwhere B
is the vector nmagnetic field at a point (this field has three vector
conponents), mis the size of the vector magnetic noment which is the

sour ce of Mdagefic edcllellimpries re@ededthe atbaest shsory nkessdrs fidie dovgizeihi some
pernmeability of free space, and Dis a matrix which contains the vector

byt hr oo CAiet 1 Ayo iR b fea IR P n bERul Rl TEAMMLE TRz B bhel 0

field, this is comonly called, Underwater Electric Potential (UEP) field
and i s catepedvidh adesscaBpeisntiavigainnaliabdidt.ent netals in the hull and ot her
underwat er artifacts. For exanple, the propulsor is usually of an all oy,
for exanpl e, phosphor bronze, whilst the hull is usually of steel. Sone
m nes detect UEP using at |east one pair of electric field sensors and
detonate if the UEP is sufficiently large. 2

The magnetic modelling technique is described in a paper entitled "Magnetisation

Modelling Techniques" by Dr G J Webb, The Royal Institution of Navel Architects
International Conference Proceedings, 1994, Minewarfare, Vessels and Systems -3. The
magnetic modelling technique is briefly summarised by the equation B = pD.m where B is
the vector magnetic field at a point (this field has three vector components), m is the size of
the vector magnetic morment which is the source of the field (three vector components), pa
is the magnetic permeability of free space, and D is a matrix which contains the vector
distance between the source moment and the field measurement point (a three by three

matrix).

Ships and submarines each have an associated electric field; this is commonly called
Underwater Electric Potential (UEP) field and is caused by corrosion between different
metals in the hull and other underwater artifacts. For example, the propulsor is usually of
an alloy, for example, phosphor bronze, whilst the hull is usually of steel. Some mines
detect UEP using at least one pair of electric field sensors and detonate if the UEP is

sufficiently large.



- 4 SEP 7003 Whenever an electric field exists in a conducting nmedium for
exanple, the sea, there is an electric current. Wenever an electric
current exists, there is around it a magnetic field. The corrosionk SEF 12803t
thus gives rise to a corrosion related nagnetic (CRM field. A problem
with the corrosion related magnetic (CRM field is that it decays nore

slowy with distance than that, K conponent of the magnet ic field which is
due to orVkersver amelselric dield exasis Inh AOHNEEIESEHYme M e wpPieelbe S AR B 3nown

as the ferromagnetic field. The degaussing of vessels is undertaken to

prot ect tehefid eamerpiViRheer fanedletide taedr ryistsitiees isarousd figp argharr field.
count ernmeasures, in particular degaussing coils, which provide a nmagnetic

field equal ' |, : ' - el cty, the
ferr ommorot RGeS, by pRE MR8 A R SRAE IS bbb ERM TG LD
di stance whereas the CRMfield only decays as. the reciprocal of the square
of the dipsetismevitirthesoresion related magaetici(kRMJirld s thatihdecays mpresipwly 3ty aphs
showi ng rel ati ve magni tude of magnetic field against distance fromthe

vessel i @isimiceethan lthettdeenpoatit ¢f GertspnetidEeRiuwkichvifidud to onkbaghi magnetiche
| eft hand side represents the ferromagnetic field, and the other curve is

the CRM ¢ g'zls%hdgfeg sgin,g; t°f%i2 Q%t%gg%itsmoﬁ gléls férfoﬁr?jﬁ@s%ﬁi%gom fromthe

source. Figure OWs region ‘arou romthe source. It
is clear that, close to the source, the ferromagnetic field is nuch |arger
but, far enough away (in this case 200n) the CRMfield becones |arger. The
CRMfield is not always negligible close to the vessel (where magnetic
measurenents are usually made). For certain types of ship it is possible
that the CRMis 10%of the total 3

The degaussing of vessels is undertaken to protect them from magnetic field detecting

mines by using on-board countermeasures, in particular degaussing coils, which provide a

magnetic field equal and opposite to the vessel's ferromagnetic field. In fact, the

ferromagnetic field generally decays as the reciprocal of the cube of the distance whereas

the CRM field only decays as the reciprocal of the square of the distance. This is illustrated

in Figures 1 and 2, which are graphs showing relative magnitude of magnetic field against

distance from the vessel in metres. In the both figures, the curve which is higher on the left

hand side represents the ferromagnetic field, and the other curve is the CRM field. Figure 1

shows the two fields from 1 to 100m from the source. Figure 2 shows the field at region

arcund 200m from the source. It is clear that, close to the source, the ferromagnetic field is

much larger but, far enough away (in this case 200m) the CRM field becomes larger.

The CRM field is not always negligible close to the vessel (where magnetic measurements

are usually made). For certain types of ship it is possible that the CRM is 10% of the total



- 4 SEP 2003 neasured field (CRM plus ferromagnetic field) or nore if the
ship's degaussing coils are effective. Summary of the Invention The

i nvention consists in apparatus for determining the distribution oft 8ifellll
electric polarisation of a vessel in water, conprising an array of

el ectric potent.ial r ich ar ated in.the water bepeath the
vessel add @&t %%ﬂiﬁﬁ@ﬁ‘g\,\g%w&gn%?ﬁcg@r%rﬂ?ﬁ”ﬁdffll’} SRS S%EWSFI%&J‘E%IS@FCthe
el ectric potential at the sensor as effected by the vessel, a signal

pr ocessoreffeanve. and cabl es connecting each sensor to the signal processor
unit to deliver each respective signal to the signal processor unit, the
signal processor unit serving to determne the potential difference

bet ween respective pairs of sensors fromthe respective signals they
generate, and the signal processor unit processing multiple such potenti al

di fferencsglm,gg#qu@lm%ﬂ@ to deduce the distribution of electric
pol ari satTon | e S whi ch woul d cause said electric potential at
each of the electric potential sensors. The plurality of sensors are

preferably arranged in a row for exanple on the sea- or harbour- bed.
There are preferably between three and ei ght sensors, and preferably five
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correspondi ng nethod of polarisation distribution determ nation from

el ect ri c DIHTEANOILPT HiesseliB Matgrscomprising an ammay of electric potential sensors which are
located in the water beneath the vessel and each generates a signal corresponding to the
amplitude of the electric potential at the sensor as effected by the vessel, a signal processor
upit and cables comnecting each sensor to the signal processor unit to deliver each
respective signal to the signal processor unit, the signal processor unit serving to determine
the potential difference between respective pairs of sensors from the respective signals they
generate, and the signal processor unit processing multiple such potential difference

determinations to deduce the distribution of electric polarisation in the vessel which would

cause said electric potential at each of the electric potential sensors.

The plurality of sensors are preferably arranged in a row, for example on the sea- or
harbour- bed. There arc preferably between three and eight sensors, and preferably five
sensors. The apparatus can be part of an electromagnetic range including a plurality of

magnetic field sensors.

The invention also consists in a comesponding method of polarisation distribution

determination from electric potential measuremnents.



- 4 SEP 2003 The corrosion related magnetic (CRVM field of a vessel in

wat er can be determined from the electric polarisation deduced for the
vessel . Determination of CRMfield can be useful in designing a velsSEl 208p
as to mnimse the risk of detection fromthe magnetic field, in

particular CRMfield, which it produces. Also, the electric field of a
vessel can be determned fromits polarisation distribution. This can be
useful in designing vessels with ow CUP fields, in particular so as to
mnimse the risk fromUEP mnes. Using electrical potential sensors has a
nunber of I8FgRrOFeaneladargnsle <CRMY f}tﬂ‘? of evessel in waler ean ke deemned frement
to align the electric potential sensors, so they can sinply be fixed on
top of a rRgelettic pdpkrRaton ddiuded o RS Vsl EDROMIARIN, oAUl caP BOSNES ar e
inherently |less sensitive to positioning than electric field sensors. This
i s because the slectric.potential . froma,di pole source varies as,tnhe,

reci proc afn g 3%?1‘85 i ‘é’isgﬂég %&8&?@8’%3’%8&“ f'ﬁ&%@&?ﬁqrﬁ thg F@E@Ft@e@?;asmas
the reciprocal of the distance cubed. Electric potential sensors are |ess
sensi t i vepamicaker SRN Heehd, evhacht it prodizeesl d sensors. Electric potential sensors
are typically cheaper than electric field sensors. 5 4 SEP 2003 Preferred
Enbodi nents Preferred enbodi nents of the present invention in its various
aspects %11 now be described byway of exanple and with reference to the
figures, in which

Also, the electric field of a vessel can be determined from its polarisation distribution. This
can be useful in designing vessels with lJow UEP fields, in particular so as to minimise the

risk from UEP mines.

Using electrical potential sensors has a number of significant advantages. In particular,
there is no requirement to align the electric potential sensors, so they can simply be fixed
on top of a magnetic sensor. In a preferred embodiment, potential sensors are inherently
less sensitive to positioning than electric field sensors. This is bccéuse the electric potential
from a dipole source varies as the reciprocal of the distance squared whereas the electric
field decays as the reciprocal of the distance cubed. Electric potential sensors are legs

sensitive to noise than electric field sensors. Electric potential sensors are typically cheaper

than electric field sensors.



Figure | is a graph show ng magnetic field conponent val ues agai nst

di stance froma vessel; Figure 2 is a further graph show ng magnetic field
conponent val ues agai nst distance from C, a vessel; Figure 3 illuétStAtxg a
first systemincluding alternate magnetic field and electric field sensors;
6 4 SEP 2003 Figure 4 is a sinplified perspective view of one nagnetic
field sensor (on a tripod nmounting), Figure 5is a sinplified perspective
view of one electric field sensor (tripod nounting not shown), Figure 6

i |1 ustrat BefaredEmbddimentem i ncl udi ng magnetic field sensors and el ectric
potential sensors, Figure 7 is a sinplified perspective view of one

conbi ned magnetic field electric potential sensor of the second system
Figure 8 illustrates the second systemin nore detail, and Figure 9 shows
the electronics in the underwater junction box of the second system

Syst em i npRifyidd dRRfhhéss Rireld SRR ﬂgvéﬁioﬁhﬁmslﬁéﬁw%ﬁee@s whilndu M5t

rangi ng system 2 includes alternating magnetic field sensors

described by way of example and with reference to the figures, in which:

Figure 1 is a graph showing magnetic field component values against distance from a

vessel;

Figure 2 is a further graph showing magnetic field component values against distance from

a vessel;

Figure 3 illustrates a first system including alternate magnetic field and electric field

Sensors;



4 of known type and electric field sensors 6, positioned, in use, in a row
al ong the sea or harbour bed. The sensors 4, 6 are connected using cables
(not shown) to control circuitry (not shown). There are five undegwﬁpqmm

magneti c sensors 4 each standing on a flat tripod 8, as shown in Figure 4.
In alternative enbodi ments, the magnetic field sensors 4 stand on concrete
mattresses, or some other underwater structure. There are also four
electric field 7 - 4 SEP 2003 sensors 6, an enlarged view of one (typical)
electric fiefigusehdon Gmpifiedgpsipeurivei viewi gusne Pagndite EdSdef®l (hif af tigbd
sensors 6 are also each nounted on a flat tripod. The sensors 4, 6 are
connect ed t omamtipgyjer wat er junction box (not shown) which is itself cabled
directly to an on-shore control unit. In an alternative enbodi nent, the
sensors are connected directly individually to the on-shore control unit.
As shown in Figure 5, each electric field sensor 6 consists of five

el ectrodes 1 te: . 2 and four arou he base 14. Electric
field neasur@ﬁ%%?? s ?r? "{qﬂ%e? h‘?’gpecjcﬁvr aﬁ%‘ﬁgﬁ%e Se&)%écggeé‘i %cnfnég'é 0%9‘091'3{“5 ™% ni ng

t he potenti al di{ferences bet ween each of the two opposing sets of base

el ectrodes fﬁoyg’give two right-angled horizontal field nmeasurenents, and
the difference between the potential at the electrode 10 at the top 12 and
the sumof the other four electrodes 10 at the base 14 in order to give
the vertical_electric field conponent. In addition to the el ectrodes 10,
each el ect r i F8¥F & iHusiiaies 8 secend sisicadiagiuding agnstiafitld senvenyaed deattiepoténiak

shown) and two inclinoneters (not shown) to determne the orientation of

t he sensor wiep$Pri,espect to the Earth's nagnetic field.

Figure 7 is a simplified perspective view of one combined magnetic field electric potential

sensor of the second system,
Figure 8 illustrates the second system in more detail, and

Figure 9 shows the electronics in the underwater junction box of the second system.

System involving Electric Field Sensing

As shown in Figure 3, the first ranging system 2 includes ahem__aling magnetic field sensors
4 of known type and electric field sensors 6, positioned, in use, in a row along the sea or
harbour bed. The sensors 4, 6 are connected using cables {not shown) to control circitry
(not shown). There are five underwater magnetic sensors 4 each standing on a flat tripod
8, as shown in Figure 4. In alternative embodiments, the magnetic field sensors 4 stand on

concrete mattresses, or some other underwater structure. There are also four electric field
7



Sensor Alignment Each electric field sensor collects its data in a

coordi nate systemdefined by the direction in which its axes are pointing.
The magnetic field sensors also collect data in a set of three a&gfp?mﬁept
they are ginballed, so we know the vertical axis is vertical. By
"ginballed", it 1is meant that the magnetic sensor hangs |ike a pl unb-bob
within a water-tight housing. 8 - 4 SEP 2003 The magnetic sensors operate
by neasuring the Earth's static magnetic field, fromwhich the headi ng of

the two hor senont 8] ancontisgediviely FREO@FHical)R1edB Teld sensoPs béink SholatigFpuRed. It is
then straightforward to apply a software rotation matrix to collect data in

a north, eashesdukcudR GRALAIAAIE SUPhEMeat olikfohs N0 Earth s electric
field, the sane cannot be done with an electric fiéeld sensor. Electric

field is a vector so electric field sensors have to be aligned to the
Earth's magnetic field. Therefore electric field sensors are rigidly

aligned to e magnetic field sensors so the appropriate axes, are

ar ol Lol - CTRE SRR A b S icamisied FLBT WP BPC U A PSS WBh AdBEt o be
in contact with the sea water and bearings in contact with sea water woul d
soon cor r od&2biftdiEsthy o an@nvaemR contrpd upit e Incanaligrmikig embogdisrent thecsepsass M el d

data into Earth's field coordinates is to neasure vertically down in the
magnet i ¢ sepywegeddacdy mdivisluasto ¢he anrstiore opitiohenit he vect or  neasurenent of
vertically down in the magnetic sensor's coordinates with the vector
measurenent Earth's magnetic field in the nagnetic sensor's coordinates to
determ ne the

As shown in Figure 5, each electric field sensor 6 consists of five electrodes 10, one at the

top 12 and four around the base 14, Electric field measurements in the three orthogonal

axes are taken by determining the potential differences between each of the two opposing

sets of base electrodes 10 to give two right-angled horizontal field measurements, and the

difference between the potential at the electrode 10 at the top 12 and the sum of the other

four electrodes 10 at the base 14 in order to give the vertical electric field component. In

addition to the electrodes 10, each electric field sensor 6 includes a three axis

magnetometer (not shown) and two inclinometers (not shown) to determine the orientation

of the sensor with respect to the Earth's magnetic field.

Sensor Alignment

Each electric field sensor collects its data in a coordinate system defined by the direction in
which its axes are pointing. The magnetic field sensors also collect data in a set of three
axes except they are gimballed, so we know the vertical axis is vertical. By "gimballed", it

is meant that the magnetic sensor hangs like a plumb-bob within a water-tight housing.



magneti c sensor's neasurenent in Earth's magnetic north coordi nates. Each
electric field sensor is fixed rigidly to the magnetic field sensors and
aligned with it. Thus, the same coordinate transformation from magnetic
sensor coordinates to Earth's magnetic field coordinates appliesit§EP 7003
electric field sensor data. The two inclinoneters nentioned above are used
to neasure the vector vertically down. 9 - 4 SEP 2003 Basis of QOperation
It is not possible, close to a test vessel, to distinguish between the

f err omagnet The angndtidNendorLoidrdy b RERBHALhE BRSNS QIR hagaliONad, FigHenRh. the
CRMfield is determined directly fromneasurenent of the electric field

via a pol ar &r&a{aa&@ﬁ%fﬁﬁ&%@%ﬁ%%@@mm@sﬁe& kd ﬁaagri;ﬁé Hﬁh\g@idséanmg@é‘imst? of

volts per netre ( , cannot be measured direct ctric I'dS in sea

water can b : ' Lhg. el ectrode Lrs, the pairs . being
separ at ed b?mggﬁﬁgaﬁ 8|5H§%8@?§€9§@%§FF%°§me 5039%%$d%?h¥%wgﬂb?“‘mm
centimetresa Thus aot determ ne electric field in the three orthogonal x,
y, Z di rect P OWE “CVHBAEFE i ¢ field sensor 6 consists of three pairs of
el ectrodes 10. In alternative enbodi nents, electric field sensors 6 wth
merely four or five electrodes can be used with appropriate sensor
geonetry. The four electrodes 10 at the base provide the neasured x and y
conponent s & thareismiodagh's tleetrie field shpwmeinroebadpne bithian eldctfic fiehd sfgorsum of
these four electrodes and the difference with the top el ectrode. For
accurate nmeasurenents each of the pairs of opposing el ectrodes 10 shoul d be
cl osely

Electric field is a vector so electric field sensors have to be aligned to the Earth's magnetic

field. Therefore electric field sensors are rigidly aligned to the magnetic field sensors so

the appropriate axes are parallel.

The electric field sensors are not gimballed as they have to be in contact with the sea water

and bearings in contact with sea water would soon corrode and cease to work.

The preferred way to get electric field data into Earth's field coordinates is to measure
vertically down in the magnetic sensors coordinate system and combine the vector
measurement of vertically down in the magnetic sensor’s coordinates with the vector
measurement Earth’s magnetic field in the magnetic sensor's coordinates to determine the
magnetic sensor's measurement in Earth's magnetic north coordinates. Each electric field
sensor is fixed rigidly to the magnetic field sensors and aligned with it. Thus, the same
coordinate transformation from magnetic sensor coordinates to Earth's magnetic field

coordinates applies to electric field sensor data.

The two inclinometers mentioned above are used to measure the vector vertically down.
g



spaced conpared to the distance fromthe el ectromagnetic field source. In
consequence, the neasured potential differences used to determ ne electric

field conponents are quite small, but for accuracy nust be signiI%ggpqu

above the background noise level. The electric field Eis related to

pol ari sation by the follow ng equation: F = (]/-0).D.p 10 - 4 SEP 2003
where Eis the field, pis polarisation, -ois the permttivity of free
space and Dis a matrix which contains the vector distance between the

el ectric fighgs@%%&&mognd the electric field neasurenent point (3 by 3
matrix). Preferably p 1s a matrix having 144 el enents, E has 14043

el ements and D has 2022192 el enents. By taking sufficient neasurenents of
el ectrical field, and knowi ng the geonetry, the polarisation distribution
i s determ ned, rrections for the presence. qf the sea bed and urface
are made i nf)t sef‘ég?pr?fsﬁ?qﬁgf?otsﬁ b2 ﬁSﬂlvﬁ?SF]s%?td%BﬂgubSh BYSER Hl?tefF’B‘?WagPﬁ’CﬁQa ?‘%&@ ar,
the electrig field, E, cannot exist in a conducting nediumwthout a

cor r espondi AGRYy MegetiG @rasurgments alqge., dlowsyerthe C&@"&N@r i6 dgtermingdndirectly
conductivity of the medium The electric dipole equation for the current
density fi efrdmfmeasiremeniof theeleetbodididerth a polanisgion distibivtiop medtl.um becomes J =
cr!-oD.p. However, the source nonent is in coulonb netre (Cm and it is
conventional to give source strengths in sea water as anpere netre (Am
so the equation becones J = D.c where c is the current dipole strength.

Further complecgit fidd\Swhioh hasvuiittest o€ peomete (Vag, BRELIUKS insashied! diRcdyd

bounded by two
Electric fields in sea water can be measured using the opposing electrode pairs, the pairs
being separated by a known distance, typically of the order of tens of centimetres. Thus to
determine electric field in the three orthogonal x, y, z directions, the electric field sensor 6
consists of three pairs of electrodes 10. In altenative embodiments, electric field sensors 6
with merely four or five electrodes can be used with appropriate sensor geometry. The
four electrodes 10 at the base provide the measured x and y components of the field, the z

component being obtained from the sum of these four electrodes and the difference with

the top electrode.

For accurate measurements each of the pairs of opposing electrodes 10 should be closely
spaced compared to the distance from the electromagnetic field source. In consequence,
the measured potential differences used to determine electric field components are quite

small, but for accuracy must be significantly above the background noise level.

The electric field E is related to polarisation by the following equation:

E=(l/)Dp
10



ot her regions of different conductivities, one above and one bel ow, such as
the present case of a source enbedded in sea water with air above the
water and a sea bed belowit. The three layers (air, sea and sea Fﬁg% ve
different conductivities. The air conductivity is zero, but the o 2

are not. The sea bed conductivity is typically an order of magnitude |ess
than the sea conductivity. Il _A SEP 2003 The current dipole equation J =
D.c is thus enhanced by adding i mage di poles. The inages are reflected in

each interfgog.0isthakielh ktgls &Pfaﬁ%} atibf)"-&s 'thel ?mh o"fltfrc@sé}sﬁé glPiltD Pygkhe sea

surface equal to the dep e dipole t and rst sea bed

I mge is at ow t he Sea u to t.he hei ght . of. the urce

di pol e abovg’%ﬁ;1 C%hgdm&ﬁlb‘ﬁ%: or Ol Este g‘?’%@"q& f??‘?ééf {Ield fouree. %'Pe f]ﬁgg‘érsl ges
reflects and so on. The inmage nonents_decrease in _accordance with the
ratio of thECEWEFTIY PPt Qe'é)’ %B’HEIW:t Preferapliamis & marix hagee df4 elamens Epsm the
sea layer increase quite rapidly so it is not necessary to sum thousands of
i mages bef od€043t ¢lemenisnsnd ilb hac d2é9gelementyy  dyeteking sufficientl meaguremehty ofxi st i n
sea water if a current density field J exists too, since sea water is a
conduct or whlectecilield; and lenwirgahsgdometry, eliecholbri§aiov distriuliof wldktemsined. J=aE wher e
6 is conductivity (a scalar) and Eis electric field (a vector). The sea
bed and sea surface nust be considered. Above the sea surface, the current
density is zero since no current flows in air even when there is an

electric fiebfectibAS fQBe PRYNIAST e sea bed and sea surface are made in determining the
polarisation p distribution. In particular, the electric field, E, cannot exist in a conducting
medium without a corresponding current density, 1, given by 1 = oE where © is the
conductivity of the medium. The electric dipole equation for the current density field from
a source embedded in a conducting medium becomes ] = o/-,D.p. However, the source
moment is in coulomb metre (Cm) and it is conventional to give source strengths in sea
water as ampere metre {Am), so the equation becomes J = D.c where ¢ is the current dipole

strength.

Further complications follow when the conducting medium is finite and bounded by two
other regions of different conductivities, one above and one below, such as the present case
of a source embedded in sea water with air above the water and a sea bed below it. The
three layers (air, sea and sea bed) have different conductivities. The air conductivity is
zero, but the other two are not. The sea bed conductivity is typically an order of magnitude

less than the sea conductivity.

11



di fferent conductivity fromthe sea. Thus we have three different val ues of
current density for the equation above. For the Air region, conductivity
cm= 0 therefore the current density field JOis zero. For the Se I.Qn
conductivity 6, is greater than zero therefore the current densiT@SE€§Mﬁ
J, is not zero. For the Sea-bed region, conductivity G is greater than
zero therefore the current density field J2 is not zero. 12 -4 SEP 1003
Consi dering the sea surface, since no currents exist in the air, no current

passes t hr ogghcddig: dip6ie e?.g.([:ié@ﬁ@D.ch' titis ERHAnRRG b?EO ri@i&a%{;ﬁﬁ’o]&? The Er'm? LLtious

di pol e above the sea sur ~ produci ng equal currents 1o the
fictitious [n- i PO nd. equal. _and posite wvertical cyrrents. From

t hese two d%%orléggc,tgft ﬁeéa o?n Rirata’ lé'ﬁ& &Pﬂ.ﬁgdﬁ'ﬁ"t'ﬂﬁgcs’éél §L?}F’Igglcag’°?’% H’féF%. Ve

t hen use the sum of th@ curﬁeg s .in the sea only fromthe two dipol es. That
sum of  cur MEHEE egvab I, e denth p ’&iﬁidWQWetP?ﬂo“t K a8d the &irst sep hed jeageis abatiepth hr ough
the sea surface. Jo are currents fromthe image, J fromthe source. The
currents i nPEPY the ¥aibgthemelto thedeight pfcthe squice dﬂmgb)ﬂbavﬂdt-zédtﬁyionaNMEm drar thing
happens at the sea bed only this tine, because the sea bed has non-zero
conduct i vi t fonpiedtwhen sacht dfahese feagse eefletth andliqad. e Theivegt moafents iecrsaa ibed
dipole are reduced in proportion to the ratio of sea-bed to sea

conduct i vi t yccondanee with phairétioodf theOdeh B8Pl seirB@uddividp hiRSth@ frfagd 9aehnt & Hdre

anal ysis, one in the air above the source and one in the sea bed bel ow t he

sour ce. Thegiska eI ferédss ui dpidly St |sqfet heRsirP (d 08 BERad8 U infBEk tehtfe S€a bed

i mge al so has a
the summation converges.

An electric field can only exist in sea water if a current density field J exists too, since sea

water is a conductor where the current density field J (a vector) follows:

[t
n

q

les!

where o is conductivity (a scalar) and E is electric field (a vector).

The sea bed and sea surface must be considered. Above the sea surface, the current density
is zero since no current flows in air even when there is an electric field. The sea bed has a
different conductivity from the sea. ‘Thus we have three different values of current density
for the equation above. For the Air region, conductivity 6, = O therefore the current
density field Jp is zero. For the Sea region, conductivity ¢y is greater than zero therefore
the current density field J, is not zero. For the Sea-bed region, conducti'vity O is greater
than zero therefore the current density field 1z is not zero.
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reflection in the air. Furthernore, these inmages al so have imges. In fact,
there are an infinite nunber of images. Fortunately, each successive pair
of images gets further away and since the field froma dipole degrﬁﬁeﬁ as
the reci procal of distance cubed, fairly rapidly the imges get Ié ¥
significant. In practice, around 50 images are used, getting to wthin 1 %
or so of the infinite sum Predicting CRM and El ectric Fields 13 - 4 SEP
2003 Knowi ng the polarisation and ideal ship positioning, it is possible to

cal cul ate tdwsiditg the sdaduBCRVidE he elrrentslek RN DAL AlrtchBifds@ thiGighdhd he
equation: 0 z -y RCRM= o0 114nr3 -z O x py -x 0 where Po is the magnetic

per meabi | i ts¥a @hrfick CETRIPAGE bel agpfoxBRAE @ OfekibAMELHE MBS e sdd hface
pol arisation and x,y, z are distances of each dipole position in tFle vessel

d
from each pgéﬁgiggté:ﬁﬁjal A8Hifintal @u&r gs %gﬁgh&ﬁﬁgs ﬁt?slé?dlgﬁg?%{h itc:au::ﬁ1 aggkéﬂogitcha\/i ng 3

x 31 x 151°= 14 el ement s. arrsation di ron p i matri x

of 144 el ergglqltcglc%o&rﬂgs %nd‘ihg t;two th% tott'lgnal 4 di'gq]:ees X fhree axes. The
three by t PSS HEPFTS abGyEeT VP HIRS F’egcezga TR PIPUBY e ARG BIRRCSS Z10-

val ues, 48‘@: 681 = 224688 hi mes. As magnetjc field B is neasured using the

\ g .
magnetic fi eB NS Hiessum ofhe Enreatiell ks yea oplydram e dwp dipolesa That a6l f r om B
and BCRM as fol |l ows:.

currents produces a requirement that there are no currents through the sea surface. J, are

currents from the image, J, from the source. The currents in air are ignored (as in reality

they are zero).

A similar thing happens at the sea bed only this time, because the sea bed has non-zero
conductivity (but less than the sea) the dipole moments of the sea bed dipole are reduced in

proportion to the ratio of sea-bed to sea conductivity.

Thus, a pair of notional image dipoles are used in the analysis, one in the air above the

source and one in the sea bed below the source.

The air image also has a reflection in the sea bed. And the sea bed image also has a
reflection in the air. Furthermore, these images also have images. In fact, there are an
infinite number of images. Fortnately, each successive pair of images gets further away
and since the field from a dipole decreases as the reciprocal of distance cubed, fairly
rapidly the images get less significant. In practice, around 50 images are used, getting to

within 1% or so of the infinite sum.

Predicting CRM and Electric Fields
13



13 =B -?CRM Fromthis B a magnetic nonent distribution rn is cal cul ated.
Fromthis magnetic nonent distribution m the ferromagnetic field at
specific positions B -P predicted, if desired. 14 - 4 SEP 2003 Cal cul ati ng
, BAP magnetic field distribution is useful as this enables the anpedt? 2ilin
setting of the degaussing coils which conpensate to be set appropriately in
the vessel. Furthernore, being aware of the B p and BCC, distributions
enabl es vessel's magnetic fields to be reduced so as to reduce a threat
posed by magnetic field sensitive mines, and long range detection devices
where the corrosion rel ated nagneti c CRM conponent Bci of the nagnetic
fieldis re Y b : S0 . ct.rl i

predi ct ed atk@g?vﬁgrmggg{aﬁ%hg%gr gjrghéghlg @%ﬁg‘rﬂ giltllE ro]& |]%E°r%c3{a?°§ne ?{Nﬁsi ng

t he equatio T - ) E.ls a neasyre of. the Underwater Electric
Poten?ial ?ﬂ@ﬁ?“@?@‘?%P$€ﬁ$%H%mV%%%%FWgE%F¢F¥°%referab|y a matrix
consisting of 14043 elenents, p being a matrix with 144 el enents. System
involving Electrical Potential Measurenent A second system 16 shown in
Figure 6 consists of five magnetic field sensors 18 each nounted on a flat
tripod 20 shown in Figure 7. YAn efectr¥cal potential sensor 22 is nounted
on top of each magnetic field sensor 18. The connecting cables and control
circuitry i s nfdcem sholnt’ n Fi-gure06. x o}

¥ -X 0

where po is the magnetic permeability of free space, r is separation from the vessel, p is
polarisation and x,y, z are distances of each dipole position in the vessel from each
predicted point in the predicted data. Beam is a matrix having 3 x 31 x 151 = 14043
elements. The polarisation distribution p is a matrix of 144 elements corresponding to the
notional 48 dipoles x three axes. The three by three matrix above is thus repeated, with

different x, y, z values, 48 x 4681 = 224688 times.

As magnetic field B, is measured vsing the magnetic field sensors, the ferromagnetic field

Br can be calculated from B, and Bew as follows:
.B_P = Em - ECRM

From this Br a magnetic moment distribution m is calculated. From this magnetic moment

distribution m, the ferromagnetic field at specific positions By is predicted, if desired.
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Each electric potential sensor 22 has no alignnment requirenent so is sinply
fixed at the top of a magnetic sensor 18. 15 - 4 SEP 2003 Because el ectric
potential (froma dipole source) varies as the reciprocal of disgaqﬁ$ 2003
squared, whereas the electric field decays as the reciprocal of the

di stance cubed, potential sensors 22 are |ess sensitive to positioning
errors then the electric field sensors 6 of the first system2. It is also
consi der e@alchiating Bine magatticheld dissiidBonegusefil anthéer amabley tHeespersmmssating t o

| ocal electric field anomalies, such as due to different nmetals in

under wat ; ; foh L t I i i ors 2. As
shown inQﬁ?&ﬁ?gﬂggh?%gogﬂggﬁgkgﬁgg?gﬁfqg@gﬁ§§§§P2ﬁ8$lﬁpggﬁﬁggnetic field
sensors 18 on each of which is nmounted a corresponding electric potenti al
sensor 22. The electric potential sensors 22 are each connected to an
underwat er junction box 24. The junction box is connected via an out put
port 26 tlhuthersioy, bengrasard ofthe Brr 2d Brhedistributibigyenabled vesshls maghetiofitkds
junction box 24 has five input ports,.denoted V, to V5 for receiving
respecti vig wuHdited s@Bake rddued heatl Jossd B% Sdohitsc DAHGRBhdRe SARIOLR By AS
shown in Figure 9 the signal fromeach potential sensor 18 and the neXt one
or the signal , fromthe first and | ast sensprs in t series e input into
Fespoct | VARG FHE LI e Ml PR o e fitElbianshe K thppad Bepaft
amplifier 30 is connected via an A to D convertor 32 and opto-isolator 34
to a nicrvapreediddis relstivgly moge sigaifigader wat er j unction box 24. The

m cr o- processor 36 and opto-isolators 34 are connected via a bus 38. Power
is provided to

Also electrical field can be predicted at other positions from the polarisation distribution p
using the equation E = (1/~,).D.p. E is a measure of the Underwater Electric Potential

(UEP) field from the vessel.

Brry is preferably a matrix consisting of 14043 elements, p being a matrix with 144

clements.

System involving Electrical Potential Measurement

A second system 16 shown in Figure 6 consists of five magnetic field sensors 18 each
mounted on a flat tripod 20 shown in Figure 7. An electrical potential sensor 22 is mounted
on top of each magnetic field sensor 18. The connecting cables and control circuitry is not

shown in Figure 6.

Each electric potential sensor 22 has no alignment requirement so is simply fixed at the top

of a magnetic sensor 18.
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the anplifiers 30, Ato D convertors 32 and opto-isolators 34 via DCto DC
convertors 40. The connections of the DC to DC convertors 40 to the other
circuit elements 30, 32, 34 are not shown for reasons of cIarity..TgE

out put port 26 fromthe underwater junction box 24 is to a serial"ﬁ BZW3
link to the on-shore circuitry 28. The data |link is part of a cable 42
along which power is also passed. 16 - 4 SEP 2093 Returning to Figure 8,
the cable 42 can be several kilonetres long and lies with other cables 44

connected tg_the netic field sensors 18. The on-shore control circuitry
Bedei ERARE Rplenlilglionn s B0 aiioh vaesuth D6 demorcal i pover

28 includes a

supply 50 to th Hagnetic fiel.d sensors 18 and a power supply 52 to the
electric pof@ﬁfcﬁaw Leadby dece Higld) decayins thesedprosal ﬁf:thFéﬁtaBFﬁ(‘mgﬂ‘i pefentidie
junction box 24, opto-isolation is essential to avoid earth currents

t hr ough t heseaors Barage teshsansitive for pagitionipg ePorswtirenitke ¢lbaike Selgpkised & bAtheC t o DC
convertors 40. This preferred enbodi nent of the second systemis shown with
five magnet fist sysdml Sedtsvraso emeidéred ehae lpateitial Gerpors €22t inay bs Gike@dnsly 1643 Ot her
enbodi ments between three and eight pairs inclusive of nagnetic field

sensors ands@bieoé o tepoflesiid Abld SRAIES saEifasS@leas ufbrerBafidds B ufdeiaLi on The
electric field froma dipole is defined as: E = (11-0).D.p where -0 is the

perm ttivit Yorbetbls@8d TRAGSR; then ERctROGARsSRbisA) ARNhWR i1 SFiSurdBE feXeddpaCh

system 16 consists of five magnetic field sensors 18 on each of which is mounted a
corresponding electric potential sensor 22. The electric potential sensors 22 are each
connected to an underwater junction box 24. The junction box is connected via an output

port 26 to on-shore circuitry 28.

As shown in Figure 9, the underwater junction box 24 has five input ports, denoted V, to
Vs for receiving respective output signals from the five electric potential sensors 18. As
shown in Figure 9 the signal from each potential sensor 18 and the next one or the signal
from the first and last sensors in the series are input into respective low noise differential
amplifiers 30. Each differential amplifier 30 is connected via an A to D convertor 32 and
opto-isolator 34 to a micro-processor 36 within the underwater junction box 24. The
micro-processor 36 and opto-isolators 34 are connected via a bus 38. Power is provided to
the amplifiers 30, A to D convertors 32 and opto-isolators 34 via DC to DC convertors 40.
The connections of the DC to DC convertors 40 to the other circuit elements 30, 32, 34 are
not shown for reasons of clarity. The output port 26 from the underwater junction box 24
is to a serial data link to the on-shore circuitry 28. The data link is part of a cable 42 along

which power is also passed.
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contains the vector distance between the source and the field neasurenent
point. Preferably pis a matrix having 144 el enents, E has 14043 el enents
and D has 2022192 elenents. 17 -'4 SEP 2003 NowE=- VWV where V is tF

mat hemati cal notation neaning gradient of, and V is electric poten ﬁ£F2w3
order to relate potential V directly to polarisation we defined a row
vector Q such that; V=QP Taking the gradient of both sides gives the
electric dipole equation vV =-E=(-1/-0).D.p =V Qp Hence the

pol ari sat i ORewiitg tPBlguRNg | Be dRALCITTCHLEE Edvern RNl Ring MRAIME SIRNYifer S
descri bed below. O course, the potential at a point is not uniquely

def i ned. 'ncawswcwnﬂ&me& Jaemﬁk@,@ﬁﬁ& ficlaREABIY 1Sa|Tlﬁtonash 'aahne,lrarfm{n Gygga W Il

depend, to sone ext ent rr05|on ds of vessels in the

S€a, on el elc s chblqe 4 e??d Eog%%geg% th[;caé{J%xcli] 4$6t 1Pagde}s F%P\%gras pﬁal*ﬁﬂ éo {i!l ot her

i nfl uences. can e potenti gRce
nmeasured as t erence otenti a en . two el ectrodes Thi,s is
not - a deterfﬁaﬁ%{fﬂcglﬁt“gfe“é?fédﬁ PP%EPP%‘F’&“P%SE fefeetuc poteatialisgpsori BraBfence

measurenents, the potential differences between the appropriate pairs of
el ectric poredervaler gasionmbex 24 are determined. In particular, for the first
two sensors 18 denoted a and b we have: V. = Q.p and Vb = Q Subtracting
t hese gi ves:

In the junction box 24, opto-isolation is essential to avoid earth currents through the

on-shore control circuitry. Power is thus supplied via DC to DC convertors 40.

This preferred embodiment of the second system is shown with five magnetic field sensors
and five electric potential sensors, In other embodiments between three and eight pairs

inclusive of magnetic field sensors and electric potential sensors are selected.

Basis of Operation

The electric field from a dipole is defined as:

E=(l/-)Dp

where - is the permittivity of free space, p is polarisation, and D is a matrix which
contains the vector distance between the source and the field measurement point.
Preferably p is a matrix having 144 elements, E has 14043 elements and D has 2022192

elements.
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(V.-Vb)=(Qa-QO-p 18 "4 SEP 2003 Preferably V. and Vb are matrices each
havi ng 480 elenments, p is a polarisation distribution matrix having 144

el ements, and Q and Q are matrices each of 69120 el enments. The -iin #8) of
this equation is solved in the conputer 48 and the pol arisation
distribution of the vessel determned. This involves electric potential
nmeasurenents fromall five electric potential sensors 22 in the preferred
system It would be seen that from neasurenment of potential, the

pol ari sati on gh§&ﬁ§$gli nis deduced. It is then possible to predict both
electric field, and field magnitude at any selected position fromthe
pol ari sation, as described in the previous section entitled "Predicting
CRM and El ectric Fields". The values calculated via this route have been
found to be accurate with directly nmeasured electric fields and, fields
to within avhaaV Bdiceabempispidifaian meatinpradigh o Vciselegins aisptite dp by
approximately 6 netres (depending on sea depth), and are | ess sensitive to
noi se than drder telradae potentfal ¥ldireslyris pelgrigtionf we ¢rfingd 3 sow veptor @ppch that) n
particular, with a range 2 of sensors at approximately 9 netres depth and
potential senver@p22 at approximately 6 netres apart, and with anplifier
and el ectrode noise of 50 nano-volts, the electric field noise is
approximately 6 nano-volts per metre. This conpares to a noise |evel of
200 nano-volts per netre for a corresponding range 2 having electric field

Sensors 6 Ofysayin0sR%eHRIEM ARAELeARLhAdvibecsare ampl i fier and

el ectrode noise o

vV =-E=(-1/)D.p=vQp

Hence the polarisation distribution is determined from potential measurements as

described below.

Of course, the potential at a point is not uniquely defined. In particular, the electric
potential at a point in the sea will depend, to some extent, on the corrosion fields of other
vessels in the sea, on electric fields due to cosmic rays hitting the sea, and many other
influences. What can be defined is the potential difference. This is measured as the

difference in potential between two electrodes. This is not a determination of electric field.

For electric potential difference measurements, the potential differences between the
appropriate pairs of electric potential sensors 22 are determined. In particuiar, for the first

two sensoss 18 denoted 2 and b we have: V, = Q,.p and V, = Qp.p. Subtracting thesz gives:

(Va- Vi) =(Qs-Oy)p
18



50 nano-volts. 19 =4 SEP 2003 Clains | . Apparatus for determning the
distribution of the electric polarisation of a vessel in water, conprising
an array of electric potential sensors which are located in the wat&rSEP 2003
beneath the vessel and each generates a signal corresponding to the
anplitude of the electric potential at the sensor as effected by the
vessel, a signal processor unit and cables connecting each sensor to the
signal processor unit to deliver each respective signal to the signa

processor u ni#’%efeltaﬂg éﬁ. iagd; 9l 2R 'ix%ﬁ%?z%tm H{Uiﬁgpat%ﬁ rc:l\éi'n@?ls ,tspe% s g g%@fﬂigﬁdignﬁguﬁon

potential differen tween respectivepalrs o

respective sign t hey, nerate, .and. the signal r r unit processing
i £ ol o suchbn Tavimecye §emeaRo o 81 O Rafirecly LRI REm TR

di stribution_of electric polarisation in the vessel which would cause said
el ectric pot ShEinyerse of tuseqpaien ¥ gelved Bdhe somppist 45 pndathe geladwen disribptionar at us
as claimed in claiml in which a plurality of the sensors are arranged in a
row on the sehlyr verasiistarmbned. This Mmyplaesatlentricapoteritial medsurementsafrom 21 five
conprising between three and ei ght sensors. 4. Apparatus as clained in

cl aim 3, conpkcsicypgtehiialsersen2@isthe prefefppsysaimis as cl aimed in any of the
preceding clainms including a plurality of nagnetic field sensors to
determ ne the nmagnetic distribution of the vessel underwater. 6. Apparatus
as claimed in claim5, in which the electric potential sensors and a

It would be seen that from measurement of potential, the polarisation distribution is
deduced. It is then possible to predict both electric field, and CRM field magnitude at any
selected position from the polarisation, as described in the previous section entitled
“Predicting CRM and Electric Fields". The values calculated via this route have been
found to be accurate witb directly measured electric fields and CRM fields to within a few

percent.

Potential sensors are typically separated by approximately 6 metres (depending on sea
depth), and are less sensitive to noise than the electric field sensors 6 of the first system 2.
In particular, with a range 2 of sensors at approximately 9 metres depth and potential
sensors 22 at approximately 6 metres apart, and with amplifier and electrode noise of 50
nane-volts, the electric field noise is approximately 6 nano-voits per metre. This compares
to a noise level of 200 nano-volts per metre for a corresponding range 2 having electric
field sensors 6 of say 0.25 metres apart and with the same amplifier and electrode noise of

50 nano-volts.
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plurality of magnetic field sensors are arranged so as to be substantially
equi di stant along a row on the sea or harbour bed, the nmagnetic _f,}l ghﬂ 0
sensors being used to determne the magnetic distribution of the vessgq
underwater. 7. Apparatus as claimed in claim6, in which the electric
potential sensors and plurality of rfegimsic field sensors are arranged
along a row on the sea or harbour bed such that each magnetic field sensor
carries an electric potential sensor. 20 =4 SEP 2003 8. Apparatus as

cl ai med iyjn any, r b P |. & ' eherm ngs .t he or.rosi-on

rel ated r%égnet’?@;aféltgﬁjpslc()ﬁ &?ﬂiéﬁ%eg%??%u%ﬁht% Eéh%eeltleecc rPc@%ﬁ)sc?lng? Pgﬁt" FoR.M9. A
met hod ofwaial ebmipfiking ddherall 6f elcbwici Riter®hl thBoR! WIGLK iafe RRLABIRALE Rl a
vessel in water, conprising providing an array of electric potential
sensors ibAngdte thixtvessehané zabh tgheeratee ssegnad eotrbspondiag Ho gbe ermliesleaofsihgnal
correspon litude of_t el.ectric potential at the sensor as

effected c%%&@%& é‘f%&@’(‘%’? Nid ﬁFfﬁﬁQ‘ﬁiémﬁo‘{eéﬁ‘ﬂs 3803} progesspcenit gk Gables

respecti b : | ¥.8:.S] I , and

o oneas LomiRiing it SERRAG TS HOMDNEEIEE BATHd 4Bt ORA SerBRe FEREIERE .

t he- di st sighal protesefr we, eet s grel Etﬂcéefsbx&&ﬁti RAvisdtotRervarIRe p¥bhEd dwddecause
0

said electric potential at eac f the electric potential sensors. 10. A
met hod aBCRYe5D FEEestvediairs of scnsers figmt &n Teshective sigodlf 816y gereratecandebesignal i el d

For aet ePiar ey Titd7erERfs rhitil b Bk ofl i Rl elied 1™ ¢

distribution of electric polarisation in the vessel which would cause said electric potential

at each of the electric potential sensors.

2. Apparatus as claimed in claim 1 in which a plurality of the sensors are arranged in a

row on the sea-or harbour-bed,

3. Apparatus as claimed in claim 2, comprising between three and eight sensors.
4. Apparatus as claimed in ¢laim 3, comprising five sensors,
5. Apparatus as claimed in any of the preceding claims including a plurality of

magnetic field sensors to determine the magnetic distribution of the vessel underwater.

6. Apparatus as claimed in claim 5, in which the electric potential sensors and a
plurality of magnetic field sensors are arranged so as to be substantially equidistant along a
row on the sea or harbour bed, the magnetic field sensors being used to determine the

magnetic distribution of the vessel underwater.
7. Apparatus as claimed in claim 6, in which the electric potential sensors and

plurality of magnetic field sensors are arranged along a row on the sea or harbour bed such

that each magnetic field sensor carries an electric potential sensor.
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determning the electric polarisation distribution of the vessel according
to claim9 and subsequently determning the electric field of the-hvgqas%m

fromsaid determ nation of the electric polarisation distribution ot the

vessel . 12. A nethod for determning the corrosion related magnetic field

of a vessel conprising determning the electrjc polarisation distri Eut I on
of the velsel Appurwsng cipimed dnniy. of dhe prepsdmgdciams atahridaterginehdhe

corrosion rel ated netic f.iel f a yessel i wat er. conpri sing providi ng
an array W%IOMFH%WﬁFﬁﬁﬁ &éﬁ%\gpgeY?rﬁqthge&épépogaéﬁgéqnh the vessel so
that each generates a signal corresponding to the anplitude of the electric
potential at the sensor as effected by the vessel, determning the

tential diff t . tive pai f S I th .
P espoct | v S gRAED0H 5] SETBRIACINE GRBLSSER 4§ (e IFe R PERE R Y Mo
res gharsbeney i BERSer G Pafirs 75
ool ar' sat { AP R R RReh T FERMGE R FAARY e T 1R FRL] bty e,

each of tHRse! QLA Ceadlh geferafel 20R3alpedrfRapdrings e sy smphfide dgdihei ¢lgctiibe
corrosion related magnetic field fromthe deduced electric potential
di stri butpasential 4t thenensmcasotiiertadebyithe vgssehedetsirmining ¢he peteatigf differsssel in

wat er conpri Ssin rovidin afn ma o% el ectric potenti al I§ensorst|nt e
wat er bengaff*t %8Sf@8§‘éeelpa§g‘f héetnséréc_ oMy B FAPEIVE sé*?r&ﬁsalt o PIa g to
the anpli ﬂdg@ssﬂ% ﬁuﬁﬁllp eﬁﬁfbﬁio el &ikiefte BltekiBatRAPIOBedRe 1B AREMR DYt he

vessel , determ ning potential difference between respective pairs of
electric polarisation in the vessel which would cause said electric potential at each of the

electric potential sensors.

10. A method as claimed in claim 9, in which the corrosion related magnetic field of

the vessel is deduced from the polarisation distribution.

11. A method for determining the electric field of a vessel which comprises
determining the electric polarisation distribution of the vessel according to claim 9 and
subsequently determining the electric field of the vessel from said determination of the

electric polarisation distribution of the vessel.

12. A method for determining the corrosion related magnetic field of a vessel
comprising detenmining the electric polarisation distribution of the vessel according to

claim 9.

15. A method of determining the corrosion related magnetic field of a vessel in
water comprising providing an array of electric potential sensors in the water beneath the
vessel so that each gencrates a signal corresponding to the amplitude of the electric
* potential at the sensor as effected by the vessel, determining the potential difference
between respective pairs of sensors from the respective signals they generate, processing
multiple such potential difference determinations to deduce the distribution of electric

polarisation in the vessel which would cause said electric potential at each of the electric
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sensors fromthe respective signals they generate, processing nultiple such
potential difference determ nations to deduce the distribution of :Zlﬁgt”}c
pol arisation in the vessel which would cause said electric potenti dl“tat il
each of the electric potential sensors, and deducing the electric field
fromthe deduced electric potential distribution. 22

potential sensors, and deducing the corrosion related magnetic field from the deduced

electric potential distribution.

14, A method of determining the electric field of a vessel in water comprising
providing an array of electric potential sensors in the water beneath the vessel so that each
generates a signal corresponding to the amplitude of the electric potential at the sensor as
effected by the vessel, determining the potential difference between respective pairs of
sensors from the respective signals they gencrate, processing multiple such potential
difference determinations to deduce the distribution of electric polarisation in the vessel
which would cause said electric potential at each of the electiic potential sensors, and

deducing the electric field from the deduced electric potential distribution.
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