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Magnet Geometry

Tunnel systems: These have a tunnel bore with horizontal magnet field, best magnetic field

homogeneity and are seen only with superconducting systems. (s cisgai Ao dakiy) oda (g giad ; 3lay) dakil
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Wide bore designs have superior homogeneity for large FOV’s, while short bore magnets provide relief
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Fig. 7 Wide bore (70 cm) tunnel magnet

Open systems have a vertical magnetic field; can be permanent or superconducting

magnet (Fig. 8).
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Fig. 8 Open low field MRI with a permanent magnet

Specialty magnets are specially designed for a particular type of examination usually for musculoskeletal

applications. These have a superconducting / resistive magnet. There is a chair/recliner so that the patient
is seated comfortably (Fig. 9). <bluzal) cilaydal dale Jaadl) (e (e £ 5il larad dawaiiall Cluhlisal) sl o
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Fig. 9 Specialty magnet system used in musculoskeletal imaging
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Shim Coils

The magnetic field must be stable and not affected by temperature. The homogeneity of a magnet is
specified as the maximum deviation of the field in points per million (ppm) over a spherical volume of a
given diameter (dsv). The uniformity should be in the range of 5 ppm. |Jieas udliaad) Jlaal) 058 o o
(Colad) (2 &) Gale JSI BRI Jlaal) Gl Ay (oY) aad) Al o (ualaliial) (udlad aaad oy 81 pad) A 5l Y
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Imperfections in manufacturing of the coils lead to harmonic error field. The process of ‘shimming’ is
required to overcome these errors. 4:sthae "ol dilas 88 g1l Uadl) Jlaw ) Glilel) pubat 3 igaal) 520
SUsRY) ol o il

Two methods are available for shimming:: gelell (lids b g5

Passive shimming: It is achieved by placing small permanent magnets at strategic locations at time of

installation within the bore of the magnet to counteract field in homogeneities. (& 488ad ah 1 ol gdiad)
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Active shimming: A set of coils is used and current is passed through these ‘shim coils’. This generates

small magnetic fields gradients superimposed on the main magnetic field and remove the field non-
uniformities. Field homogeneity is measured by examining an FID (free index decay) signal in the
absence of field gradients. The FID from a poorly shimmed sample shows a complex decay envelope
with many humps. Shim currents are adjusted to provide a large amplitude exponentially decaying FID
indicating a homogeneous BO field (Figs 10A and B). sl et s g Skl (e de sana alasinl o5 i) sisl)
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Figs 10A and B FID signal from a pocorly shimmed sample (A)
Showing a complex decay envelope, while an exponentially decaying
amplitude (B) indicates proper shim

Active shimming is computer optimized for each imaging volume.
The shim coils can be superconducting and located within the cryostat and maintained at low

temperature. Shim coils can also be a set of resistive shim coils, when they are placed in the room
temperature bore of the magnet. 483 (318, cilila (485 () Sar | jugaai paa JS0 3 gadlly lill) gdial) (awal oy
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