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Frequency Encoding Gradient
The axial slice has just been created by the Gz gradient. The protons in this slice havespin with the same

frequency and have the same phase. Within the slice there are stillan awful lot of protons and we still don't
know from where the signal is coming from within the slice; whether it comes from anterior, posterior, left or
right. gl ol g gill &5 gaall day ydl) oL) A5GZ, . shall (alli Lgd g 20 B (s A ) 030 (B B g gal) i ghg sl g
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Further encoding is required to allow us to pinpoint the exact origin of the signals. The frequency
encoding gradient is a static gradient field, just like the slice selectionmagnetic field gradient. It
does the same thing; it causes range of Larmor frequenciesto exist in the direction in which it is
applied (according to the Larmor equation). . bddd (3840 jaaall saads W rlacdl 800 (e & ja cisllas
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To encode in the left — right direction, the second gradient (Gx) is switched on. This will create an
additional gradient magnetic field in the left — right direction. we neednow is to do one more
encoding to determine whether the signal comes from the left, the centre or the right side of the head.
The protons on the left hand side spin with a lower frequency than the ones on the right (Figure
9.40). slai¥) & a7 e ouhilita Jae sldd) 1) 13 2o (AU g ol Gl aly (Oal) — i) slad¥) (B pddall
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Figure 9.40: The different frequency of protons (Gyz gradient:
Frequency encoding gradient).
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By causing this range of frequencies to exist, we can use the Fourier transform to separate them out after we
measure an MRI signal as shown in Figure 9.41 (which isa mix of all signals from a slice).
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They will accumulate an additional phase shift because of the different frequency, but — and this is utterly
important - the already acquired phase difference, generated by the Phase Encoding gradient in the
previous step, will remain. Now it is possibleto determine whether the signal comes from the left, centre or
right hand side of the slice. We can pinpoint the exact origin of the signals, which are received by the
coil. oo il (Jadlly uuaiSall jghal) (358 Au — Alall aga 130 g — (g cclidiall 03 1) Guany Alda) ) sha Jgal aS) iy gy
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Figure 9.41: Fourier transform to separate frequencies.
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Application of the Frequency Encoding Gradient4 il jea s g ail) g
The frequency encoding gradient applied during the recording of the MRI signal.

The frequency encoding gradient causes the precession of net magnetizations within
the slice to be position dependent in that direction, whilst the signal is being recorded
(see figure 9.42).
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Figure 9.42: The frequency encoding gradient (Gf) i1s applied during
signal measurement.
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If the frequency encoding gradient is not applied at the same time as measuring the MRI signal, the signals
from the different columns in the imaging slice will all have the same frequency. We cannot, therefore, use
the Fourier transform to separate them out. L) (ald 48 o oX) cdgll (udd 3 00l a0 (gl 2 ol 1)
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In order to encode the image or the imaged object along the so-call phase encoding direction, here the y
direction (but the direction could also be in z or x direction), a gradient along the y direction is applied, and
thereafter the signal is sampled. The phase encoding grading (Gpn) is a magnetic field gradient that allows the
encoding of the spatial signal location along a second dimension by different spin phases. The phase
encoding gradient is applied after slice selection and excitation (before the frequency encoding gradient),
orthogonally to the other two gradients. The spatial resolution is directly related to the number of phase
encoding steps (gradients). In fact it is necessary to apply this gradient several times, each time increasing the
gradient by an equidistant amount. ela3¥) La «ghl) adi olad) aws La Jsh o seaall Gl o) 5 guall 855 Jal (e
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This is done by a gradient field is briefly switched on and then off again at the beginning of the pulse
sequence right after the radio frequency pulse, the magnetization of the external voxels will either precess
faster or slower relative to those of the central voxels. 3! 5 488 a5 5 jua o 5 idl 7 e Jia Jaudi (30 e dlld o3y
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During readout of the signal, the phase of the x-y-magnetization vector in different columns will thus
systematically differ. When the x- or y- component of the signal is plotted as a function of the phase encoding
step number n and thus of time n TR, it varies sinusoidally, fast at the left and right edges and slow at the
center of the image. Voxels at the image edges along the phase encoding direction are thus characterized by a
higher "frequency' of rotation of their magnetization vectors than those towards the center.
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As each signal component has experienced a different phase encoding gradient pulse, its exact
spatial reconstruction can be specifically and precisely located by the Fourier transformation
analysis. Spatial resolution is directly related to the number of phase encoding levels (gradients)
used. The phase encoding direction can be chosen, e.g. whenever obliqgue MR images are acquired
or when exchanging frequency and phase encoding directions to control wrap around artifacts. /o4
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In a MRI sequence diagram this procedure is indicated by the phase encoding (see Figure 9.44). As seen this
figure consists of 32 steps in this example, each lasting for

0.250 ms, and with an increment of 0.734085 mT/m (milliTesla per metre). One could go through this figure
from the bottom to the top, or from the top to the bottom, this is called linear phase encoding. One could also
go from the middle and outward like 0, 1, -1, 2, -2 etc, this is called low-high phase encoding Jelw Lhia 4
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Figure 9.44: Phase encoding table - symmetrical , , _
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Note that one particulate step corresponds to applying no gradient at all, and for the low-high encoding, this
would then be the first step. In order to code the protons further the Gy gradient is switched on very briefly.
During the time the gradient is switched on an additional gradient magnetic field is created in the Anterior-
Posterior direction. gaddiall pddill duuilly (@UY) o zox ol Gkl ate o (3865 Baalg dparn Bobd of BaY
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As you can see small volumes (voxels) have been created. Each voxel has a unigque
combination of frequency and phase. The amount of protons in each voxel
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determines how strong (amplitude). The signal received contains a complex mix of frequencies,
phases and amplitudes each from a different location (voxel) within the brain. <lalaa sLdd) &3 (5 73 Las
(Al Wi e JuS g S B clighg ) dgas 2 jhall g a8l e 3 A e o JusSsd JS s iny () Busa
£ ladl) JA13 (JuuS gd) cilida ad ga (ha Lgaa IS ccilaadl g ) gk g culad il (e dra g e o Aldioial) 3 LAY g giad

The computer receives this massive amount of information and then a "Miracle™ occurs. In about
0.25 seconds the computer can analyze all this and creates an image. The "Miracle” is a
mathematical process, known as Two-Dimensional Fourier Transform (2DFT), which enables the
computer to calculate the exact location and intensity (brightness) of each voxel. <)) 132 i guasl) a0
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This can be summarized (slice selection, phase encoding and frequency encoding) as follows: (S
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After slice selection the encoding of spatial information has only to be performed in two dimensions.
This can be accomplished by magnetic field gradients in the respective directions. These are
differentiated by the time of gradient switching, i.e. before or during data acquisition. The first case,
the so-called phase encoding, is discussed below. In the second case (frequency encoding), a
readout gradient Gro is switched during data acquisition and the gradient direction is therefore
called the ‘readout direction'. Gro produces an additional, linearly varying magnetic field and due to
the proportionality between magnetic field and frequency, the latter also alters linearly. Spins at
different positions therefore emit radiation with different frequencies which can be distinguished
after Fourier transformation. Each frequencyis related to a specific position on the readout axis and
the intensity of the radiation with this frequency is proportional to the number of spins emitting at
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