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(54) Receiving coil for nuclear magnetic resonance imaging apparatus for spinal column images

(57) Receiving coil for nuclear magnetic resonance
imaging apparatus for spinal column images, where the
apparatus has a supporting bench of the patient and
means for generating a static magnetic field perpendic-
ularly oriented with rispect to the supporting bench of
the patient, characterized in that the receiving coil is pro-
vided with at least two conductors portions (C1, C2) use-
ful for the detection extending in the direction of the po-

sitioning of the longitudinal extension of the spinal col-
umn and in the or in a bench parallel to the supporting
bench of the patient and have a length that is enough to
cover approximately the anatomic district of the spinal
column or a part of interest thereof, the distance of the
two conductors (C1, C2) being in the order of magnitude
of the average width of the spinal columns and said two
conductors (C1, C2) being connected in such a way to
have a coherent flowing direction of current.
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Description

[0001] The present invention relates to a receiving coil
for a nuclear magnetic resonance imaging apparatus for
spinal column images.
[0002] Nuclear magnetic resonance imaging appara-
tus for spinal column images provided with a receiving
coil are known.
[0003] The known apparatus use horizontal field flat
coils in conjunction with a vertical static magnetic field,
the spinal column being arranged on an horizontal
bench. This configuration of the arrangement between
the receiving coil and the magnetic field of the nuclear
magnetic resonance imaging apparatus is known with
the name of "butterfly" configuration. Since the spinal
column has a long and narrow structure, the configura-
tion of the "butterfly" type receiving coil detects also
noise and artefact signals coming from body areas un-
der examination which are devoid of interest.
[0004] Other type of receiving coils for nuclear mag-
netic resonance imaging of the spinal anatomic district
are also known. However, these type of coils have com-
plex conductor paths that make difficult the planning or
the implementation of futher turns or conductor portions
to improve the coil sensitivity.
[0005] The invention is based on the problem of man-
ufacturing a receiving coil for a nuclear magnetic reso-
nance imaging apparatus of spinal column images, as
to obtain a constructive structure of the coil or at least
of the conductors relevant for the detection of resonance
signals which structure is best adapted to the geometric/
morphologic features of the spinal column area, ex-
tremely simple as regards the path of the detecting con-
ductors and/or turns and easily improvable as regards
the sensitivity for example with the addition of further
portions of detecting conductor or of detecting turns.
[0006] The invention achieves the above aims provid-
ing a receiving coil for a nuclear magnetic resonance
imaging apparatus for spinal column images, wherein
the apparatus has a supporting bench for the patient and
means for generating a static magnetic field perpendic-
ularly oriented with respect to the supporting bench of
the patient, the receiving coil being provided with at least
two conductor portions useful for the detection extend-
ing in the positioning direction of the longitudinal exten-
sion of the spinal column and in the parallel bench or in
a parallel bench with respect to the supporting bench of
the patient and they have a length that is enough for
covering approximately the anatomic district of the spi-
nal column or a part of interest thereof, the distance of
the two conductors being in the order of magnitude of
the average width of the spinal columns and the said
two conductors being connected in such a way to have
a coherent flowing direction of current.
[0007] A simple and effective embodiment provides
the receiving coil composed of at least two rectangular
turns, whose two conductors adapted to be arranged
nearer the patient are the useful detecting conductors

and the opposite conductors are the so called re-closing
conductors or wires.
[0008] The coil according to this embodiment can
subtend an envelope solid with a parallelepiped rectan-
gular shape.
[0009] The above construction is simple and cheap
and it can be easily integrated with the replica of further
turns in order to increase its sensitivity. Indeed, it's very
easy to manufacture and to handle the rectangular
turns. The simplicity of turns allows also to provide a
modular construction allowing the progressive addition
of turns to a coil having a base number of turns, namely
the at least two turns costituing the two detecting wires.
[0010] If turns are added, the further rectangular turns
are simply put beside the already existing turns from the
outside, being possible to provide plugging electric con-
nection system for the correct and prearranged connec-
tion of the further turns to the already existing ones.
[0011] Since spinal column images are generally im-
aged with the patient at least partially laid on an exam-
ination table, the simplicity of the depicted coil and the
reduced dimensions allow to integrate the aforemen-
tioned receiving coil inside the examination table sup-
porting the patient. In this case the side provided with
the two detecting wires extends at or under the support-
ing bench, while the remaining part of the coil is embed-
ded inside the examination table structure that generally
has a fair thickness in order to allow driving of various
positioning and adjusting devices to pass through it.
[0012] This configuration allows to obtain effective re-
sults as regards the reduction of the detection of artifacts
and electromagnetic noise coming from patient areas
that are not interesting, i.e. not from the spinal column
anatomic district. Moreover, the arrangement of the use-
ful detecting conductors as well as of the whole coil are
geometrically adapted to the geometry or morphology
of the spinal column. Moreover the overall arrangement
of the coil conductors is extremely simplified and it al-
lows an easy integration of the number of the useful de-
tecting conductors for improving or varying the sensitiv-
ity.
[0013] However, the re-closing wires parallel to the
useful detecting conductors of the resonance signals
provided at a certain distance from the bench supporting
the patient, cause a contrast effect of the current in-
duced in the detecting conductors on the field useful for
image acquisition, causing a loss in sensitivity in the
deep areas of the part under examination, i.e. the ones
that are more distant from the conductors. Hence, the
flowing direction of the current in the re-closing wires is
opposed to that of the detecting conductors and so the
field generated by the re-closing wires is opposed to that
of the detecting conductors.
[0014] In order to avoid such drawback, as a further
improvement of the coil according to the present inven-
tion, in the plane defined by the two or more re-closing
wires a conductor reflection shield is provided.
[0015] Such shield, for example composed of copper,
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produces a reflection of the detecting conductors and of
the re-closing wires, which reflected image has current
flows, inside the reflections of the re-closing wires, that
are opposed to the ones of the re-closing wires, elimi-
nating or drasticly reducing the contribution to the mag-
netic field of the re-closing wires.
[0016] The reflections made by the reflection conduc-
tor shield of the detecting conductors have a great dis-
tance from the location of the detecting wires and the
contribution to the coil field in some points inside the
area under examination is poor and it can be not con-
sidered.
[0017] Advantageously, the reflection shield can be
composed of the RF shield of the transmitting coil which
must be present and often it is in a position compatible
with the one of the receiving coil. Therefore, the appli-
cation of the reflection shield on the receiving coil does
nor require the presence of further shield, but, in most
cases, it consists in the simple use of means already
provided in the nuclear magnetic resonance imaging ap-
paratus.
[0018] The invention has further features that will form
the subject of the dependent claims.
[0019] The characteristics of the invention and the ad-
vantages derived therefrom will appear more clearly
from the following description of a non limiting embodi-
ment illustrated in the annexed drawings, in which:

Fig.1 is a schematic perspective view of a receiving
coil according to the present invention.
Fig.2 shows a transverse section through the coil of
fig. 1, wherein the reflection shield and the reflection
provided by this one of the receiving coil is further
shown.
Figs. 3 and 4 shows two NMR images obtained by
the receiving coil according to the previous figures
respectively in a sagittal section plane and ina
transversal section plane, the said images showing
significantly the shape of the magnetic field in the
coil according to the invention..
Fig.5 schematically shows a nuclear magnetic res-
onance imaging apparatus according to the present
invention with a coil according to the present inven-
tion accommodated in the thickness of the exami-
nation table or of the bench supporting the patient.
Figure 6 shows schematically a coil according to the
imvention having several rectangular loops or turns.
Figure 7 shows a first variant of a further embodi-
ment of the receiving coil according to the invention
in which the coss-section of the coil assembly ac-
cording to a plane perpendicular to the main detec-
tion conductors and to the re-cosing conductors,
has a trapezoidal shape.
Figures 8 and 9 show a second variant of the em-
bodiment according to figure 7.

[0020] In figure 5 an MRI apparatus is chematically
shown which is particularly dedicated to imaging the

spine or part thereof.
[0021] The apparatus includes a magnetic structure
overall indicated at 1 for generating a vertical static mag-
netic field B0 between two poles 101. The static mag-
netic field is indicated by the arrow B0. An examination
table for supporting the patient overall indicated at 2 in-
cludes an horizontal supporting bench 201 for the pa-
tient that has to be lay supine on said bench.
[0022] The supporting bench 201 is supported by a
bearing structure 202 that has a certain thickness and
wherein a chamber can be obtained for accommodating
a receiving coil 3. As it will result with reference to the
following description, the receiving coil 3 is manufac-
tured as to generate a field indicated at B1 and oriented
in the horizontal plane and having a perpendicular di-
rection with rispect to the static field B0. The field B1
that is perpendicular to the drawing sheet is indicated
by the star B1 in fig.5. In the same figure, with 4 the RF
shield is indicatred which is usually provided in the ap-
paratus with the above described description.
[0023] Obviously the nuclear magnetic resonance im-
aging apparatus has the common and known transmit-
ting coils and gradient coils and the control and process
electronics. These parts are not shown in detail since
are generally known and are not subject matter of the
present invention.
[0024] Fig.1 is a simplified embodiment of the receiv-
ing coil 3. The patient bench 201 is schematically indi-
cated by broken lines. The coil is composed of two rec-
tangular turns each of them comprising a detecting con-
ductor C1, C2 and a re-closing wire F1, F2. The two de-
tecting conductors C1 and C2 are substantially rectilin-
ear and parallel one with respect to the other and are
accomodated in a bench that is directly adjacent and
parallel with respect to the supporting bench of the pa-
tient. The arrows in figure 1 indicate the flowing direction
of the current induced by the signals detected in the con-
ductors C1, C2, F1 and F2 of the coil 3.
[0025] The length and the distance of the detecting
conductors and of the re-closing wires are selected in
such a way that thay have an arrangement anatomically
adapted to the spinal column morphology. Particularly
the coil is narrow and long. The said distance between
the detecting conductors C1, C2 and their length is se-
lected basing on the length and width average values of
the spinal columns.
[0026] The two conductor turns can be mounted on a
rigid frame, not shown, that corresponds to the final par-
allelelpiped rectangle shape that the coil 3 has to take.
[0027] The coil 3 outputs are connected in parallel to
a connection capacitor 4, while they are feeded to an
amplifier 5 to amplify the receiving signals and their
sending to the remaining processing sequence for re-
constructing the image.
[0028] Figure 2 shows a transeverse section of the
coil 3 wherein the detecting conductors C1 and C2 and
the re-closing wires F1 and F2 can be seen.
[0029] The re-closing wires are necessary, but they
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cause a field opposed to the field between the detecting
conductors that has repercussions on the useful field for
acquiring resonance signals useful for the image.
[0030] In order to avoid this drawback, the coil 3 is
associated to a shield of conductive material, particular-
ly copper, that is provided on the horizontal bench in a
positon directly adjacent to the re-closing wires F1, F2.
Such shield 6, from the electrodynamic point of view, is
a sort of reflector device. Thus, a configuration of con-
ductors or image wires is generated that help, in an ef-
fetive way, to eliminate or reduce the contrast effects of
the re-closing wires F1, F2 on the field useful for acquir-
ing resonance signals.
[0031] Particularly, in a symmetric position with re-
spect to the re-closing wires F1 and F2, the reflection
contributes with image wires F1' and F2' with a current
direction that is opposed to the one inside the re-closing
wires F1, F2. Thus, the image wires eliminate in a great
mesasure the effect of the re-closing wires F1, F2 on
the field useful for image acquisition.
[0032] A reflected image C1' and C2' is generated al-
so for the detecting conductors C1 and C2. However,
the distance of this image from the detecting conductors
C1 C2 region is such that the contribution generated by
these one to the field at point P1, i.e. in the area of a
certain depth in the body under examination, is poor and
slight as the contribution of the re-closing wires F1 and
F2 and of their reflections F1' and F2'.
[0033] An optimum condition is then obtained where
the field between the two detecting conductors C1 and
C2 at point P0 is null, while the field at point P1 is scarce-
ly influenced by the reflections of the re-closing wires
F1' F2' and by the reflections of the detecting conductors
C1', C2', as already defined by the contributions caused
by the re-closing wires F1, F2, by the reflections of the
re-closing wires F1', F2' and by the reflections of the de-
tecting conductors C1', C2'. Thanks to that the sensitiv-
ity of the coil is improved in the deep areas of the part
under examination, i.e. the ones more distant from the
detecting conductors.
[0034] The reflector shield can be a portion specifical-
ly dedicated to the receiving coil or can be composed
by the RF shield of the transitting coil that normally is
present in a position that is compatible with the opera-
tion of the receiving coil.
[0035] Figures 3 and 4 show by means of two NMR
images the field generated by the detecting conductors
C1 and C2 of the coil with two views, one is along a sag-
ittal plane and the other in a transversal section palne
as referred to the conductors C1 and C2, both with the
presence of the reflection shield.
[0036] The coil structure can be composed of a frame
of plastic material supporting the turns at angle regions,
for example comprising two plaques at the end sides,
around which the conductors are turned in order to form
the detecting conductors and the re-closing wires.
[0037] As already said before, the sensitivity of the
coil can be enhanced in a very easy way by adding one

or more rectangular turns besides the original ones. Due
to the simplicity of the turn shape, this is not a problem
and it is also possible to make an embodiment allowing
the addition or the removing of the added turns.
[0038] Figure 6 very schematically shows a coil pro-
vided with four turns. To the base structure comprising
two detecting conductors C1 and C2 each of them be-
longing to one of two turns, further two detecting con-
ductors C3, C4 of corresponding additional turns are as-
sociated. Each additional turn with the corresponding
additional detecting conductor C3, C4 is put from the
outside, besides one of the two main turns of the main
detecting conductors C1 and C2, thus forming two sets
of detecting conductors. The additional turns are aligned
with the turns of the base coil and they can be also more
than one for each base turn.
[0039] Turns are connected or can be connected one
with the other according to the diagram of fig.1 that is
suitably enlarged if additional turns are present for ex-
ample by means of a prefabricated connector 7 which
has conducting tracks in conjunction with connection
jumpers in order to correctly configurate the electrical
connection between the individual turns. Thanks to that
it is possible to configurate coil at one's pleasure rela-
tively to the number of turns each time without realizing
it ex novo.
[0040] Figure 7 to 9 show two variants of a further em-
bodiment of the receiving coil according to the invention
in which the different conductor turns of the coil are ar-
ranged in such a manner that the turns defines a space
which is not a rectangular parallelepipedon as disclosed
above, but a different solid figure, preferably a parallel-
ogram or trapezoidal or rhombus parallelepipedon.
[0041] Conductors C1 to C4 defines one surface,
while conductors F1 to F4 defines the opposite surface
of the parallelepipedon. The loops or turns are oriented
as the side surfaces of the parallelpipedon parallel to
the conductors C1 to C4 and to F1 to F4.
[0042] Generally said as far as the conductors C1 to
C4 and the reclosing conductors F1 to F4 have such
orientations as to determine a reflection plane of C1 to
C4, any geometrical disposition of the planes defined by
the loops or turns of conductors in the coil can be choos-
ed in order to reduce the height of the coil. This is an
important feature, since the coil has to be placed under
the patient and reducing the height will help in maintining
a reduced gap between the opposite poles of a magnetic
structure of a MRI apparatus according to the choice
made here of providing the conductors C1 to C4 orient-
ed in a transversal, particularly perpendicular direction
with respect to the direction of the static magnetic field
generated by the magnetic structure of the MRI appa-
ratus. Reduced distance between the magnetic poles
means as known that the overall size of the magnetic
structure can be reduced with considerable advantages
for the dimensions of the MRI scanner, for the weight of
the MRI scanner and relatively to the costs of the MRI
apparatus. Considering the possibility of housing the
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coil according to the invention in a slot or housing pro-
vided inside the structure of a patient supporting table
or chair the reduced height of the coil would help in bet-
ter matching the height of the patiente bearing plate of
the table or of the chair without the nedd of providing
thicker parts of the said plate at the slot for housing the
coil in order to match the height thereof.
[0043] In the example of figures 7, the disposition of
the turns is such that the turns associated to the con-
ductors C1 and C2 and the corresponding re-closing
conductors F1, F2 on one side of a central plane of sym-
metry perpendicular to the plane defined by the said
conductors and the conductors C3 and C4 and the cor-
responding reclosing conductors F3 and F4 on the other
side of the plane of symmetry are oriented along diverg-
ing planes in the direction of the reclosing conductors
F1 to F4 in such a way that the coil defines an ideal en-
veloping surface having the fom of a regular trapezoidal
parallelepipedon.
[0044] As it can be appreciated the said disposition of
the lopps or turns spreads the dimensions of the space
defined by the coil in a transversal direction to the ori-
entation of the conductors C1 to C4 reducing the dimen-
sion in height. Thus the overall form and dimension of
the coil better fits the dimension and the form of the
structure of a patient supporting table or chair, particu-
larly of the bearing plates of the table or chair.
[0045] A lot of different kind of configuring the turns
can be choosen which are merely equivalente from the
functional point of view.
[0046] Figures 8 and 9 shows a preferred embodi-
ment in which a particular path of the loops or turns of
nthe coils is choosen which allows constructive advan-
tages to be obtained.
[0047] The conductors C1 to C4 are provided in a
plane forming the smaller basis of the regural trapezoi-
dal parallelepipedon as in the previous embodiment.
The reclosing conductors are placed in a plane forming
the bigger basis surface of the said trapezoidal parallel-
epipedon and which is parallel to the smaller basis sur-
face. In a different manner as the previous example the
coil is completely closed on itself and no transverse con-
ductors extending along the direction perpendicular to
the conductors C1 and C4 at the bigger basis surface is
needed. As it might be noted each conductor C1 to C4
is part of a loop section which forms with both ends only
part, particularly only half of two different reclosing con-
ductors F1 to F4, the other part or half being formed by
the ends of the turn or loop sections which are associ-
ated to two other different conductors C1 to C4. So the
loop section forming the conductor C1 forms with its
ends part of the reclosing conductors F1 and F2 which
other part is formed by the ends of the lopp sections
forming the conductors C2 nd C4. The loop section
forming the conductor C2 forms part of the reclosing
conductors F2 and F3, which other parts is formed by
the ends of the loop sections forming the conductors C1
and C3. The loop section forming the conductor C3

forms with its ends one part of the reclosing conductors
F3 and F4 which other parts are formed by th ends of
the loop sections forming the conductors C2 and C4 and
the ends of the loop sections forming the conductor C4
forms part of the reclosing conductors F2 and F4, which
other part is formed by the ends of the loop sections
forming the conductors C1 and C3. The ends of each
sections are mechanically separated and the different
loop sections indicated by L1, L2, L3 and L4 are con-
nected at their ends by means of electronic units carry-
ing out different functions. Thus between the ends of the
loop sections L1 and L4 forming the reclosing conductor
F1 and between the ends of the lopp sections L3 and
L4 a detuning circuit such as a passive LC circuit is pro-
vided through which the said ens of the loop sections
are electrically connected one with the other. Such cir-
cuits are indicated by boxes 20 and 21 in figure 8. The
ends of the loops L2 and L3 are connected electrically
to an active tuning circuit, comprising foir example a var-
icap as the active tuning unit. Such tuning unit is indi-
cated as a box 22 in figure 8.
[0048] Ends of the loop sections L1 and L4 forms the
outputs 25 and 26 of the coil at which the output signals
are extracted and separately fed to a differential pream-
plifier 24. active tuning unit 22 and the preamplifier have
both a power supply input rescpetively indicated with
122 and 124 and the preamplifier has a signal output
224 from which the signals received by the coil is fed to
the further evaluation electronics of an MRI apparatus.
[0049] Figure 9 illustrate a frontal view on the trape-
zoidal lateral surface of the coil mfrom which the shape
of a regular paralellpipedon can be better appreciated.
The inclined parts of the loops which are at the rear are
illustrated with discontinuous lines in order to differenti-
ate them from the frontal ones. Figure 9 refers to a view
on the left hand side of the coil of figure 8 which is an
upper perspective view of the coil.
[0050] Although the coil of figures 7 to 9 has been il-
lustrated in the form having four conductors C1 to C4,
the same principle can be applied for a coil having only
two conductors as in the embedment of figures 1 to 4 or
in a coil having more than four conductors.
[0051] As illustrated in figure 8 the amplifier 24 can be
best placed inside the coil assembly and housed in a
electromagnetically shielded box for example made of
a copper sheet.

Claims

1. Receiving coil for a nuclear magnetic resonance im-
aging apparatus for spinal column images, wherein
the apparatus has a supporting bench for the pa-
tient and menas for generating a static magnetic
field perpendicularly oriented to the supporting
bench of the patient, characterized in that the re-
ceiving coil is provided at least with two conductor
portions (C1,C2) useful for the detection which ex-
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tend in the positioning direction of the longitudinal
extension of the spinal column and in the bench or
in a bench parallel to the supporting bench of the
patient and which have a length that is enough to
cover approximately the anatomic district of the spi-
nal column, the distance of the two conductors
(C1,C2) being in the order of magnitude of the av-
erage width of the spinal columns and the two con-
ductors (C1,C2) being connected in such a way to
have a coherent flowing direction of current.

2. Coil according to claim 1, characterized in that it
is formed by at least two rectangular turns, whose
two conductors (C1, C2), that are to be positioned
nearer the patient, are the useful detecting conduc-
tors and the opposite conductors (F1, F2) are the
so called re-closing conductors or wires.

3. Coil according to claims 1 or 2, characterized in
that the rectangular turns are arranged in order to
subtend an envelope solid of a parallelepiped rec-
tangular shape.

4. Coil according to one or more of the preceding
claims, characterized in that it includes various
detecting conductors put one beside the other, each
of them is a part of a rectangular turn.

5. Coil according to claim 4, characterized in that it
comprises two main detecting conductors (C1, C2)
that are parallel and spaced one from the other, to
each of these conductors are associated on the side
opposite to the one oriented towards the associated
main detecting conductor (C1, C2) one or more ad-
ditional detecting conductors that are parallel with
respect to the main detecting conductors (C1, C2)
and are part of as many rectangular turns put from
the ouside besides the rectangular turns of the main
detecting conductors (C1, C2).

6. Coil according to claim 5, characterized in that it
has a base structure composed of a pair of rectan-
gular parallel turns put one beside the other con-
nected in series one with the other by means of a
terminal board provided with removable connection
means and a plurality of further additional rectan-
gular turns that can be connected in series one with
the other and with the turns of the base structure by
means of said terminal board in conjunction with
connection jumpers, which additional rectangular
turns can be mount in a removable way to the base
structure.

7. Coil according to one or more of the preceding
claims, characterized in that a reflection shield of
conductive material is provided, which shield is ar-
ranged directly below the re-closing wires (F1, F2)
that are parallel to the detecting conductors (C1,

C2) and it is parallely oriented to the plane subtend-
ed by the re-closing wires (F1, F2).

8. Coil according to claim 7, characterized in that the
reflection shield is composed of a RF shield that is
in common with a transmitting coil.

9. Coil according to one or more of the preceding
claims, characterized in that it is provided in con-
junction with a supporting bench for a patient, which
bench has a bearing structure, in said bearing struc-
ture being provided a chamber for accommodating
said receiving coil.

10. Coil according to one or more of the preceding
claims, characterized in that the main detecting
conductors (C1, C2, C3, C4) are placed at narrower
lateral distances one with respect to the other than
the reclosing conductors (F1, F2, F3, F4).

11. Coil according to claim 10, caharcterized in that the
main detecting conductors (C1, C2, C3, C4) and the
reclosing conductors (F1, F2, F3, F4) are placed in
such a way that with respect of a central plane par-
allel to the said conductors (C1, C2) the main de-
tecting conductors and the reclosing conductors
(F1, F2) on one side of the said central plane and
the main detecting conductors (C3, C4) and the re-
closing conductors (F3, F4) have the same lateral
distance.

12. Coil according to claim 11, characterized in that
the main detecting conductors (C1, C2, C3, C4)
have the same distance one from the other.

13. Coil according to claim 11, characterized in that
the reclosing conductors (F1, F2, F3, F4) have the
same distance one from the other.

14. Coil according to claim 11 or 12, characterized in
that the reclosing conductors (F1, F2) on one side
of the central plane and the reclosing conductors
(F3, F4) on the other side of the central plane have
a greater distane one from the other than the main
detecting conductors (C1, C2) on one side of the
central plane and the main detecting conductors
(C3, C4) on the other side of the central plane.

15. Coil according to one or more of the preceding
claims, characterized in that the rectangular turns
forming the main detecting conductors (C1, C2, C3,
C4) are arranged along parallel or diverging planes
one from the other, whicn planes provides for re-
closing conductors (F1, F2, F3, F4) which are trans-
versally not aligned with the main detecting conduc-
tors (C1, C2, C3, C4).

16. Coil according to claim 15, caharcterized in that the
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rectangular turns forming the main detecting con-
ductors (C1, C2, C3, C4) are oriented in such a way
to subtend an envelope solid of a parallelepiped
shape having a non rectangular cross-section along
a plane transversal, particularly perpendicular to
the said main detecting conductors.

17. Coil according to claim 15 or 16, characterized in
that the rectangular turns forming the main detect-
ing conductors (C1, C2, C3, C4) are oriented in
such a way to subtend an envelope solid of a par-
allelepiped shape having a cross-section along a
plane transversal, particularly perpendicular to the
said main detecting conductors which has the form
of a trapezium, particularly a regular trapezium, or
a parallelogram or a rhombus.

18. A coil according to on or more of the preceding
claims 15 to 17, chatracterized in that the main de-
tecting conductors (C1, C2, C3, C4) are placed in a
plane coinciding with the smalle basis of the trape-
zoidal parallelpipedon, while the reclosing conduc-
tors (F1, F2, F3, F4) are placed on the plane forming
the bigger basis of the trapezoidal parallelpipedon
which is parallel to the said smaller basis.

19. A coil according to one or more of claims 15 to 18,
characterized in that the main detecting conduc-
tors (C1, C2, C3, C4) and the reclsing conductors
(F1, F2, F3, F4) are placed symmetrically with re-
spect to a plane oriented parallel to the said con-
ductors and perpendicular to the plane defined by
the main conductors and or by the reclosing con-
ductors and or both the planed defined by the said
conductors.

20. A coil according to claim 19, characterized in that
the turns are such that each turn forms entirely a
main detecting conductor (C1, C2, C3, C4) and a
reclosing conductor (F1, F2, F3, F4), part of the said
turns, particularly half the number of the said turns
being oriented substantially parallel to the lateral
surfaces of the enveloping parallelpipedon defined
by the coil, which surfaces are parallel to both the
associated main detecting conductor and corre-
sponding reclosing conductor.

21. A coil according to one or more of the preceding
claims 15 to 20, characterized in that the coil is
closed on itself providing an endless conductor.

22. A coil according to one or more of the preceding
claims 15 to 21, characterized in that the coil is
made of at least two loop sections (L1, L2, L3, L4)
which a first loop section being mechanically sepa-
rated at the two opposite ends form the correspond-
ing end of the two opposite ends of the second loop
sections the facing first ends of the said forst and

second loop sections forming the outputs of the coil
which are fed to a differential amplifier (24), while
the second facing ends of the said first and second
loop sections are electrically connected by means
of an active tuning unit (23).

23. A coil according to claim 22, characterized in that
the coil is made of at least three successive loop
sections (L1, L2, L3, L4) each of the three sections
having a first and a second end the first end of the
first loop section (L1) forming the output of the coil
together with the second end of the third loop sec-
tion (L4), while between the end of the second loop
section associated to the second end of the first
loop section and the end of the second loop section
associated to the end of the first end of the third loop
section the said first and third loop sections are
electrically connected to the said second loop sec-
tion by means of electronic units one of which is a
tuning unit (23) and the other of which is a detuning
unit (22).

24. A coil according to claim 22, characterized in that
the coil is formed by four loop sections (L1, L2, L3,
L4) having a first and a second end the first end of
the first loop section (L1) forming with the facing
second end of the fourth loop section (L4) the out-
puts of the coil, while the intermediate second and
third loop sections (L2, L3) are electrically connect-
ed one with the other and respectively to the first
and to the fourth loop section (L1, L4) by means of
an electronic unit, one unit being a tuning unit (23)
and the other two units being two detuning units.

25. A coil according to claim 22, characterized in that
it is formed by several loop sections (L1, L2, L3, L4)
each having a first and a second end mechanically
separated from the other adiacent loop sections,
the first end of the first loop section (L1) and the
second end of the last loop section (L4) forming the
outputs of the coil, while the intermediate loop sec-
tions (L2, L3) oar connected to the preceding and
to the following one electrically, al least part of the
said intermediate loop sections being connected by
electronic units forming at least one a tuning unit
(23) and at least one a detuning unit (22).

26. A coil according to one or more of the preceding
claims 22 to 25, characterized in that the main de-
tecting conductors are continuous.

27. A coil according to one or more of the preceding
claims 22 to 26, characterized in that the loop sec-
tions (L1, L2, L3, L4) are separated one from the
other at the reclosing conductors (F1, F2, F3, F4),
at an intermediate, particularly at a central zone te-
herof.
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28. A coil according to one or more of the preceding
claims 22 a 27, characterized in that the reclsing
conductors a formed parly by one end of one loop
sction (L1, L2, L3, L4) forming a first main detecting
conductor (C1, C2, C3, C4) and partly by the end
of a second loop section (L1, L2, L3, L4) forming a
second main detecting conductor (C1, C2, C3, C4).

29. A coil according to one or more of the preceding
claims 22 to 27, characterized in that the tuning
unit is an active tuning unit, having an active tuning
component.

30. A coil according to one or more of the preceding
claims 23 to 29, characterized in that the detuning
unit is a passive electronic circuit.

31. A coil according to one or more of the preceding
clams characterized in that an coil output signal
amplifier is provided which is housed within the vol-
ume defined by the coil inside an electromagnetic
shielded enclosure.
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