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(54) Magnets 

(57) A m a g n e t pole piece fo r an NMR 
i m a g i n g magne t is made of a p lu ra l i t y 
of magnet i c w i res w i t h one end o f each 
w i r e he ld in a non-magnet i c spacer, t he 
o ther ends of the w i res be ing b r o u g h t 
to a p inch, and connected to a magne t i c 
core (6). The w i res may be e m b e d d e d in 
a synthet ic resin (4) and the 
magnet i sa t ion and u n i f o r m i t y thereo f 
can be var ied by ad jus t ing the dens i ty o f 
the w i res at t he spacer w h i c h f o r m s the 
po le piece. 
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SPECIFICATION 
Magnets 

The present invention relates to magnets ofthe 
kind employing opposed pole pieces for 

5 establishing a magnetic field between them, and 
more especially, though not exclusively, to 
imaging magnets suitable for use in Nuclear 
Magnetic Resonance (N.M.R.) Imaging Systems. 

If such a magnet has an iron core, this provides 
10 a decrease in the magnitude of the fringing 

magnetic field thus helping to overcome some of 
the difficulties in imaging associated with the 
fringing field, and allows for a more efficient 
design of the magnet. 

15 It is still necessary, however, to achieve uniform 
flux between the pole pieces through the desired 
volume, and it is desirable that this be done in 
such a way as to keep the amount of iron in the 
system to a minimum so as to keep the weight as 

2 0 low as possible. 
In accordance with the invention a magnet 

comprises a magnetic core extending between 
opposed pole pieces, at least one of which pole 
pieces comprises a plurality of wires of magnetic 

25 material, corresponding ends of which are spaced 
from each other by spacing means such that their 
end surfaces form an array which faces the 
opposite pole piece, the parts of the wires which 
are adjacent the core being held relatively close to 

3 0 each other. 
Preferably the spacing means is made of non-

magnetic material. 
Preferably also the spacing means comprises a 

rigid plate having holes therein, each wire having 
35 its end within a respective hole in the plate, and 

being secured therein in any convenient manner, 
the holes preferably being such that the sides of 
the holes support the parts of the wires within 
them substantially normal to the face of the plate 

4 0 facing the opposite pole piece. 
Between the spacing means and the core, the 

wires are preferably embedded in a synthetic 
resin, for example an epoxy resin. The plate is 
conveniently flat, and the spaced ends of the wires 

45 are preferably flush with the surface of the plate 
facing the other pole piece. The parts of the wires 
which are adjacent the core are conveniently 
brought into close contact for example by being 
bound together. 

50 Preferably also both pole pieces are 
constructed in a similar manner. 

In order to produce or vary the magnetic field 
between the pole pieces a drive coil is 
conveniently disposed around the core in the 

55 vicinity of each pole piece. 
An embodiment ofthe invention will now be 

described with reference to the drawing in 
which:— 

Figures 1—3 show stages in the construction 
60 of a pole piece according to the invention, 

Figure 4 is a schematic diagram of a magnet 
including at least one pole piece as shown in 
Figure 3, and 

Figure 5 is a schematic diagram of an NMR 

65 Imaging System employing a magnet according to 
the invention. 

In Figure 1 there is shown, in cross section, a 
flat member 1 of non-magnetic material in which 
holes 2 have been drilled. One end of each of a 

70 plurality of iron wires 3 is then inserted into a 
respective hole in the member, as shown in Figure 
2, and the other ends of the wires are brought to a 
pinch and clamped together as at 5 in Figure 3, 
the complete pole piece structure then being 

75 potted in a resin such as epoxy as indicated at 4 
which serves to secure the wires in the holes. The 
flat member 1 is of a thickness sufficient to ensure 
that the wires 3 are held substantially normal to 
the face of the member 1 when their ends are 

80 inserted in the holes 2. 
As shown in Figure 4, the pinched end 5 ofthe 

pole piece is then connected to a core 6 of magnet 
material and coils 7 are provided around the core 
next to the pole pieces to produce the field. 

85 The ends of the wires within the flat member 
thus provide a pole face larger than the cross 
section of the core with a substantial reduction in 
the weight of the pole piece. 

If a constant magnetisation per unit area is 
90 required, then the density of holes in the member 

is made uniform, but the magnetisation may be 
varied by adjusting the density of holes. Also, the 
hole density needs to be large enough to avoid 
high order ripples appearing in the field, and to 

95 achieve the desired magnetisation without 
magnetic saturation of the wires. 

The core 6 may be formed of a solid member of 
magnetic material or may be constituted by a 
continuation ofthe wires forming the pole pieces. 

100 Such a magnet is especially useful in NMR 
Imaging Systems ofthe type used in examination 
of patients for medical purposes, such as 
described in U.K. Patent Specifications Nos. 
1,578,910 and 2,056,078, for example. 

105 The apparatus basically includes a first magnet 
system whereby a static magnetic field can be 
applied to a body to be examined in a given 
direction, normally designated the Z-direction, 
with a gradient in any one or more of the three 

110 orthogonal directions i.e. X, Y, and Z directions. 
Referring to Figure 5, the first magnet system 

10 comprises a pair of pole pieces 11 of the type 
described above in accordance with the invention, 
the ends of which, are connected together by 

115 means of a core 13, and coils 14 are provided 
around the core next to the pole pieces and are 
connected to a power supply 15 for producing the 
magnetic field between the pole pieces. R. F. coils 
16 and 17 are each connected to an R.F. power 

120 transmitter 18 and are used to excite and pick up 
NMR signals in a patient (not shown) lying in the 
Z-direction within the magnet system 10.on a 
patient handling device 28. 

The NMR output signals are amplified in a 
125 preamplifier 19, analysed in an R.F. spectrometer 

2 0 and processed in a computer 21 under the 
control of an operator console 22, which is in turn 
linked to a viewing console 23 and multi-format 
camera 24. Three sets of magnetic field gradient 
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coils, only one of which is shown at 25, generate 
controlled nominally linear magnetic field 
gradients in the X, Y and Z directions in response 
to a field controller 26. The overall operation of 

5 the apparatus is controlled by a system interlock 
27 powered by a central power distribution 
system 29. 

The use of a magnet according to the invention 
instead of conventional magnets results in a 

10 substantial reduction in iron and therefore in 
weight of the system. 

The NMR Imaging system as shown in Figure 5 
and described above is particularly useful for 
scanning small parts of a patient but may, if 

15 required, be made large enough for scanning 
larger parts. 

CLAIMS 
1. A magnet comprising a magnetic core 

extending between opposed pole pieces, at least 
20 one of which pole pieces comprises a plurality of 

wires of magnetic material, corresponding ends of 
which are spaced from each other by spacing 
means such that their end surfaces form an array 
which faces the opposite pole piece, the parts of 

25 the wires which are adjacent the core being held 
relatively close to each other. 

2. A magnet according to Claim 1 wherein the 
spacing means is made of non-magnetic material. 

3. A magnet according to any one of Claims 1 
30 or 2 wherein the spacing means comprises a rigid 

plate having holes therein, each wire having its 
end within a respective hole in the plate. 

4. A magnet according to Claim 3 wherein the 
sides of the holes support the parts of the wires 

35 within the holes substantially normal to the face of 
the plate facing the opposite pole piece. 

5. A magnet according to any one of Claims 3 
or wherein the plate is flat. 

6. A magnet according to any one of Claims 3, 
40 4 or 5 wherein the spaced ends of the wires are 

flush with the surface of the plate facing the other 
pole piece. 

7. A magnet according to any preceding claim 
wherein said parts of the wires which are adjacent 

45 to the core are brought into close contact with 
each other for example by being bound together. 

8. A magnet according to any preceding claim 
wherein between the spacing means and the core 
the wires are embedded in a synthetic resin. 

50 9. A magnet according to Claim 8 wherein the 
resin is an epoxy resin. 

10. A magnet according to any preceding claim 
wherein both pole pieces are constructed in a 
similar manner. 

55 11. A magnet according to any preceding claim 
further comprising a drive coil disposed around the 
core in the vicinity of each pole piece. 

12. An N.M.R. Imaging system of the kind 
employing a magnet system for applying a 

60 magnetic field to a body to be examined, wherein 
the magnet system comprises a magnet according 
to any preceding claim. 

13. A magnet substantially as hereinbefore 
described with reference to Figures 1—4 of the 

65 accompanying drawing. 
14. An N.M.R. Imaging system substantially as 

hereinbefore described with reference to Figure 5 
of the accompanying drawings. 
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