Spatial Encoding 023;2024 :
Dr. Raed Mohammed Kadhim M.Ali

Spatial Encoding (Sl e 3
Localization of the Signal 5 L&Y (b
Three more magnetic fields are superimposed on the main magnetic field along X, Y, and Z axes to localize the
signals. These magnetic fields have different strength in varying location hence these fields are called “gradient
fields” or simply “gradients”. The gradient fields are produced by coils called as gradient coils. <¥laa 433 s 3 %y
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The three gradients are: ;4 5L s i)
1. Slice selection gradient. & &l JLid) z a1
2. Phase encoding gradient <) jea il dls s

3. Frequency encoding (read out) gradient. .z < (35)_8) 244 jua i

Slice Selection Gradient il JLid) day

Slice selection gradient has gradually increasing magnetic field strength from one end to another (Fig. 1.5). It
determines the slice position. Slice thickness is determined by the gradient of the magnetic field or the bandwidth
of RF pulse. Bandwidth is the range of frequencies. Wider the bandwidth thicker is the slice. The more gradient
the magnetic field, the less the slice thickness (Figure 10.12). (oshlaall Jlaal) 868 3205 ) dagpdd) LA 7 a8 o
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Fig. 1.5: Slice selection gradient
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Figure 10.12 Transverse slice selection with a Z-field gradient:

(a) sagittal cross-section of the patient, (b) magnetic field

gradient, and (c) transmit frequency gradient.
In-slice localization 4yl Ja)3 (b o)
Having selected the slice, the objects within the slice have to be localized. This is achieved by applying phase
encoding and frequency encoding. These gradients are used to localize the point in a slice from where signal is
coming. They are applied perpendicular to each other and perpendicular to the slice selection gradient. aai
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Typically, for transverse or axial sections following are axes and gradients applied even though X and Y axes can
be varied. . sbaall ¢ 535 AlSa) (e 1) o AN iy il ) glaal) Gadal oy oAy gaall i Ada o) pdaliall Luuillly cBals
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Immediately after the protons in the slice have been excited by the RF (90°-180°), DC is passed for a few
milliseconds through a second set of gradient coils. This produces a magnetic field gradient, for example in the Y-
direction (Fig. 10.14a,b), from the front to the back of the patient. Al g day Jall 3 53 g2 gall Ui ghg ) 3L 2y 3 diloa
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Switched DC gradient coils
Figure 10.14 Phase encoding using a Y-field gradient: (a)

transverse cross-section of the patient, (b) magnetic field

gradient, and (c) phase gradient for a given tissue type.

DC, direct current.
For that brief period of time, some of the precessing dipoles and M,y vectors speed up and some slow down. Those
in voxels near the top of the column precess more slowly and lag behind those in the middle, while those near the
bottom precess faster and get ahead. Usliby g cdadiial) cilgaial) g QUaY) il any £ bl a ) (14 8 _yalll) 5 a8 lli JNA
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When the gradient pulse is over, they all precess again at the same rate, and they again all emit the same frequency
signal. However, the phase differences remain, and these are dependent on the position. s iiall il 4i%i Larie
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Frequency encoding 224 ja 5

At the same time as the gradients for phase encoding are applied, DC is passed through the third set of gradient coils
to produce a magnetic field gradient, also orthogonal to the slice selection gradient, for example from side to side
in the X-direction (Fig. 10.15). Protons in each vertical column of (Figure 10.15) experience the same magnetic
field, precess with the same frequency, and emit MR signals of the same frequency. But those in the left-hand
columns precess more slowly than those in the middle, and those on the right precess faster. There is a
corresponding frequency gradient from left to right in the MR signals emitted (Fig. 10.15¢). 4 ok g3l cidgl) (udi A
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Figure 10.15 Frequency encoding using an X-field gradient:

(a) transverse section of the patient, (b) magnetic field gradient,

and (c) receive frequency gradient.
Field of view 43,1 Jlaa
The receiver is tuned to accept only a certain range of frequencies, called the receive bandwidth, coming from a
corresponding FOV (Fig. 10.15¢). «Juiadl g3l GUaill (a8 o ocilaa ) (pa Jadd cpma (glad J gl JLiaad) Jlga bapsda oy
A210.15 Jsadl) Jaal 4350 Jlaa (1 a8l

The FOV may be increased by either making the field gradient less steep or increasing the receive bandwidth.
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The voxel width equals the FOV divided by the number of components into which the frequency spectrum has
been sampled. .4z 22 ik (a i M a3 Al QU gSall 230 o U gaia 4350 e (g g oS 5B (22 0

The MR signal emitted by the whole slice therefore comprises a mixture or spectrum of phases as well as of
frequencies. At the same time as the computer is analysing the signal for frequency, it is analysing it for phase.
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