
ELECTRIC FIELD SENSOR FOR MARINE ENVIRONMENTS The
invention relates to a field sensor for marine environ
ments, more particularly a field sensor which is
provided with at least two containers, each encasing
at least one electrode, being filled with an
electrolyte and being in fluid communication with the
surrounding water masses through flexible hoses, and
the electrodes being connected to a sig nal processing
unit. Prior art comprises two main types of electric
field sensors for normal use in marine electromagnetic
exploration. In sensors of the first type are used
long isolated wires to connect Ag-AgCl, Pb-PbCl or
other electrodes to a recording unit (e.g. Cox et al
1971; Filloux 1973; Webb et al . 1985). The
interelectrode distance is usually large, typically in
the order of 100-1000 metres. This type of electric
field sensor can elevate the signal level way above
the noise of the electrodes. In addition, large
separation of electrodes makes it possible to average
electric fields created by tur bulence, waves and
variations in temperature - salt concentration, these
fields being in the order of just a few me tres .
Because of the large separation of the electrodes they
often work under different pressure and temperature
conditions . This may lead to significant drift in the
recorded signal.The drift velocity is dependent on the
composition and struc ture of the electrodes.
Parameters affecting the drift in four types of
electrodes are shown in Table 1 . 



Table 1 In sensors of the second type, the salt bridge
type (Filloux 1974) , electrodes are placed together
inside an instrument case and connected to the sea
water by means of isolated hoses which are only a few
metres long. With a view to the fact that such sensors
are often used for data acquisition from long period
electric fields, a special device called a "chopper"
is used to eliminate zero-point drift caused by
variations in temperature and pressure . Owing to the
fact that the measurement base has a relatively short
length, such sensors are less sensitive compared to
the first sensor type. On the other hand they are
characterized by greater stability and minimal drift
in the measured sig nal . The invention has as its
object to remedy or reduce at least one of the
drawbacks of the prior art. The object is achieved
through features which are specifiedin the description
below and in the claims that follow. The invention
relates to a new type of sensor for measuring
components of the electric field in marine
environments . The sensor combines the main advantages
of existing sensors as regards measurement sensitivity
and stability against the in fluence of varying
temperature, pressure, turbulence, waves and changes
in salt concentration. For simplicity it does not
necessarily include a "chopper", which may be used for
long period measurements . According to a first aspect
of the invention the electric 



field sensor includes a pair of containers. The
containers are closed with the exception of an outlet
for a hose con nected to each of the containers. The
hoses are manufactured from an electrically non-
conductive material . One end of the hose is connected
in a fluid-communicating manner to the con tainer,
whereas the other end of the hose is open and con
nected to a positioning means in the form of, for
example, ballast, typically an anchor, or a buoyancy
body, typically a buoy. In an operative .position the
containers are placed next to each other and filled
with an electrolyte. Both containers contain at least
one electrode, preferably a Ag-AgCl elec trode. The
second, open end of the hose is placed in a de sired
position in the water masses relative to the
respective container by means of the positioning
means. The direction of a connecting line between the
second, open ends of the two hoses indicates which
component of the electric field is be ing measured;
the distance between the ends defines the meas urement
base. The electrode is connected to a signal process
ing unit in a known manner. According to a second
aspect of the invention the containers are filled with
an oversaturated electrolyte forming a chemi cally
non-aggressive environment around the electrodes
andpreventing the ingress of water from the hose into
the con tainer. According to a third aspect of the
invention the sensor in cludes multiple pairs of
containers with the corresponding hoses extending in
different directions, the sensor being ar 



ranged to measure selectively several different field
compo nents . According to a fourth aspect of the
invention each of the containers is provided with
multiple electrodes, different pairs of electrodes
formed by one electrode in either one of the
containers of the container pair being arranged to be
used for independent recording of the same field
components by means of a multichannel signal
processing unit. According to a fifth aspect of the
invention the sensor is arranged for sequential or
continuous comparison of the meas urement stability of
the electrodes. According to the sixth aspect of the
invention the signal processing unit is arranged to
exclude a pair of electrodes which is faulty or
unstable, after checking the collective measurements .
According to a seventh aspect of the invention the
signal processing unit is arranged to average data
acquired by means of different pairs of correctly
functioning electrodes so as to improve the
signal/noise ratio. In what follows is described a
non-limiting example of a pre ferred embodiment which
is visualized in the accompanying drawings, in which:
Figure 1 shows a principle drawing of a sensor
according to the invention, the sensor being provided
with one pair ofelectrodes and being oriented for
measuring a horizontal field component; Figure 2 shows
in a manner similar to that of figure 1 a 



principle drawing of a sensor according to the
invention, but in which the sensor is provided with
four pairs of elec trodes ; and Figure 3 shows a
principle drawing of a two-component sensor according
to the invention, one part of the sensor being con
figured for measuring a horizontal component of the
electric field and another part of the sensor being
configured for measuring another horizontal or
vertical component of the electric field. In the
figures the reference S indicates a sensor according
to the invention, the sensor including two containers
1 , 2 encasing electrodes 3 , 4 . The containers 1 , 2
are immersed in a mass of water W . The electrodes 3 ,
4 are connected by means of cables 5 to a signal
processing unit 6 . The containers 1 , 2 are formed of
an electrically non-conductive material and are filled
with an oversaturated electrolyte E . To each of the
containers 1 , 2 is connected in a fluid-communicating
manner a first end 7a, 8a of a hose 7 , 8
respectively. A sec ond end 7b, 8b of the hose 7 , 8
respectively is open to the surrounding masses of
water W . The hoses are formed of a nonconductive
material and are filled with sea water. The second
ends 7b, 8b of the hoses 7 , 8 are provided with means
in the form of ballast 9a or a buoyancy body 9b (see
figure 3 ) for positioning the second ends 7b, 8b
relative to the containers 1 , 2 . The direction of a
straight line B through the second ends 7b, 8b of the
hoses 7 , 8 determines which component of 



the electric field is being measured, and the distance
MB be tween the ends 7b, 8b forms the measurement
base.Figure 1 shows a sensor S according to the
invention in its simplest embodiment . Figure 2 shows
an example of a sensor S ' characterized by im proved
stability and less electrode noise compared with the
sensor S which is shown in figure 1 . The improved
features of the sensor S ' are achieved by placing
multiple electrodes 3 , 3 ', 3 '', 3 ''' and 4 , 4 ',
4 '', 4 ' 1 ' respectively in each con tainer 1 , 2
and by the signal processing unit 6 recording multiple
channels. Figure 3 shows an electric two-component
sensor S '' consist ing of four containers 1 , I 1, 2
, 2 ' and four hoses 7 , 7', 8 , 8 '. Depending on the
relative distribution of the free ends 7b, 7b 1, 8b,
8b' of the hoses the sensor S 1 can provide si
multaneous recording of either two horizontal or one
horizontal and one vertical component (s) of the
electric field. A corresponding structure can be used
to measure the full vec tor of the electric field. A s
mentioned above, known existing electric sensors may
be divided into two separate groups . Sensors of the
first group utilize a large measurement base with
electrodes placed at either end. Such sensors can pro
vide a good signal/noise ratio because the signal
amplitude is proportional to the length of the
measurement base. The large measurement base also
attenuates electric signals created by small-scale
disturbances and heterogeneities. On the 



other hand, this type of sensor is prone to drift in
the measured signal. To reduce the drift care is taken
to select electrodes in pairs having close
self-potentials and tempera ture and pressure
coefficients. Nevertheless, the very design of these
sensors implies that electrodes are placed at a sig
nificant distance from each other and therefore into
quitedifferent conditions. This applies to an even
greater degree to the sensors used for measuring a
vertical electric field. In this case, even two
carefully selected electrodes will display major drift
in the measured signal because they are placed at
different depths and therefore in surroundings with
different temperature and pressure conditions and salt
con centrations . In a salt bridge sensor the drift in
the signal is greatly reduced by placing the
electrodes close to each other and additionally using
a "chopper" . However, the low sensitivity of the
sensor and its susceptibility to small-scale
disturbances and heterogeneities place limitations on
its application. The proposed sensor which is shown in
figure 1 combines the advantages of already existing
sensors by making use of long hoses, that is to say a
large measurement base, and close placement of
electrodes. In practice, the close placement of
electrodes will eliminate any drift caused by these
sensitive elements (sensors) in the structure. The
length of the hoses is determined by the desired
signal /noise ratio and may vary from several metres
to either several kilometres in the case of sensors
for horizontal electric fields, or only being lim 



ited by the water depth in the case of sensors for
vertical fields . The advanced sensor S ' in figure 2
utilizes four electrodes 3-3 ''', 4-4' ' ' in each
container 1 , 2 . The four-channel sig nal processing
unit 6 performs synchronous measuring of elec tric
fields by using different pairs of electrodes. The re
sults from the measurements are analysed to, among
other things, eliminate channels having unacceptable
noise or instability, and the signals are subjected to
further process ing, including averaging or
sophisticated filtration.C l a i m s 1 . A sensor (S)
for marine measurements of an electric field, c h a r
a c t e r i z e d i n that the sensor (S) includes -
signal transmission means (5) for transmitting meas
ured signals from the sensor (S) to a signal process
ing unit (6) ; - at least two closed containers (1, 2
) which are formed of a non- conductive material, are
filled with an electrolyte (E) and, each separately,
encase at least one electrode (3, 4); - at least two
flexible hoses (7, 8 ) formed of an electrically non
-conductive material; at least one first hose end (7a,
8a) being attached in a fluid-communicating manner to
each of the containers (1, 2 ) , and a second hose end
(7b, 8b) being open and attached to means (9a, 9b) for
exact positioning of 



the second hose end (7b, 8b) ; the hoses (7, 8 ) being
arranged to be filled with a medium (W) of the same
type as that, in which the sen sor (S) is arranged to
be immersed in an operative condition; and two
containers (1, 2 ) forming a pair of containers, the
two containers (1, 2), relatively, being placed close
to each other under approximately identical thermal,
pressure and chemical conditions. 2 . The sensor (S)
according to claim 1 , c h a r a c  t e r i z e d i n
that the electrodes (3, 4 ) are Ag-AgCl electrodes . 3
. The sensor (S) according to claim 1 , c h a r a c  t
e r i z e d i n that the electrolyte (E) is
oversaturated and forms a chemically non-aggressive
envi ronment around the electrodes (3, 4). 4 . The
sensor (S) according to claim 1 , c h a r a c  t e r i
z e d i n that the first hose end (7a, 8a) is
connected to the container (1, 2 ) via a passage in an
upper portion of the container (1, 2 ) . 5 . The
sensor (S) according to claim 1 , c h a r a c t e r i
z e d i n that the measured field component is
determined by the direction of a straight line B
between the second hose ends (7b, 8b) of a pair of
containers (1, 2). 6 . The sensor (S) according to
claim 1 , c h a r a c  t e r i z e d i n that the
placement of the second 



hose ends (7b, 8b) of the pair of containers (1, 2 )
may vary randomly. 7 . The sensor (S) according to
claim 1 , c h a r a c  t e r i z e d i n that the
sensor (S) includes one pair of containers (1, 2 ) . 8
. The sensor (S) according to claim 1 , c h a r a c -
t e r i z e d i n that the sensor (S) includes at
least two pairs of containers (1, 2 , I , 2'), the
electrodes (3-3 ''', 4-4' '') of each pair of
containers (1, 2 , 1', 2') being connected in a
signalcommunicating manner to the signal processing
unit (6) via different channels for separate signal
processing. 9 . The sensor (S) according to claim 1 ,
c h a r a c t e r i z e d i n that each container (1,
2 , 1 ', 2 ') is provided with multiple electrodes
(3-3 ''', 4- 4 ''') which are all arranged to measure
the same field component independently.0 . The sensor
(S) according to claims 1 and 9 , c h a  r a c t e r i
z e d i n that the signal transmission means (5) for
transmitting measured signals from the sensor (S) to
the signal processing unit (6) include means for
interconnecting selected electrodes (3-3' '', 4-4' ''
) of particular properties. 


