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Acquisition
During the relaxation processes the spins shed their excess energy, which they acquired from the 90° RF pulse,
in the shape of radio frequency waves. In order to produce an image we need to pick up these waves before they
disappear into space. This can be done with a receive coil. The receive coil can be the same as the transmit coil

or a different one. An interesting, but ever so important, fact is the position of the receive coil.

The receive coil must be positioned at right angles to the main magnetic field (Bo). Failing to do so will result
in an image without signal. This is why: if we open up a coil we see it is basically nothing but a loop of copper

wire. When a magnetic field goes through the loop, a current is induced (Figure 9.23).
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Figure 9.23: A magnetic field goes through the loop, a cuurent is induced.

Bo is a very strong magnetic field; much stronger than the RF signal we are about to receive. That means if we
position the coil such that By goes through the coil an enormous current is induced, and the tiny current
induced by the RF wave is overwhelmed. We will only see a lot of speckles (called: noise) in our image.
Therefore, we have to make sure that the receive coil is positioned in such a way that By can't go through the

coil. The only way to achieve this is to position the receive coil at right angles to By as shown in Figure 9.24.
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It is quite interesting to try this for yourself with your scanner. Just make a series of scans where you position the
receive coil at different angles. Start with the coil at a right angle with B0, and then turn it a bit such that BO is
allowed to run through the coil. Next turn it a bit further until Bo runs entirely through the coil. You will see your
image degrade very quickly. At some stage the system is probably not able to “tune” the coil anymore and won't

be able to make a scan.
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Receive Coil

Figure 9.24: The receive coil at right angles to Byp.

Remember this;: s

> The only proper way to position the receive coil is at right angles to Bo. <ils g5l 535l dasaal) 48y )
Aadld Ll g5 (A Joliad)
Note: Many coils are specifically designed for a certain body part. For instance the Head coil; if you fix the coil
on the scanner table it seems that Bo runs through the coil. This is only ‘optical Illusion'. The coil is designed
such that the loops of copper wire, which make up the coil, are at right angles to Bo. Designing a coil for a
bore type magnet where By runs through the length of the body is exceptionally difficult. If you open up a Head
coil you'll see probably two copper wires, which are saddle shaped and positioned at right angles to one another.

In order to receive enough signal there are two coils, becausesaddle shaped coils are relatively inefficient.
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According to Mr. Faraday a Radio Magnetic field (B)

Frequency wave has an electric and a

Electric field (E)

magnetic component, which are at right

angles from one another, have a 90° phase
v
difference and both move in the same
Propagation

direction with the speed of light (Figure direction

9.25). Wavelength (1)
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Figure 9.25: electric and a magnetic component of Radio
Frequency wave.

It is the magnetic component in which we are interested because that induces the current in the receive coil.

Determine the positioning of the coils so that they form a right angle with By means we can receive signals from processes
only when the right angles be a between the coilsand B, which happens to be T2 relaxation. T2 relaxation is a decaying
process, which means phase coherence is
strong in the beginning, but rapidly becomes
less until there is no phase coherence left.
Consequently, the signal that is received is
strong in the beginning and quickly
becomesweaker due to T2 relaxation (Figure
9.26)

Figure 9.26: Free Induction Decay

The signal is called: Free Induction Decay (FID). The FID is the signal we would receive in absence of any magnetic
field. In the presence of a magnetic field T2 decay
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goes much faster due to local (microscopic) magnetic field inhomogeneity and chemical shift, which are
known as T2* effects). The signal we receive is much shorter than T2. The actual signal decays very rapidly; in

+ 40 milliseconds it's reduced to practically zero. This poses a problem, as we will see later.

Computing and Display.
In general, system of MRI consists of five major components: magnet, gradient systems,RF coil system,

receiver, and computer system. Figure 9.27 shows the entire process graphically. The received signal (Figure
9.28) is then fed into a computer.
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Figure 9.28: the entire process graphically.
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Fourier Transformation4s s J: s

The Fourier transform (FT) is a mathematical technique for converting time domain data to frequency domain data, and
vice versa. In order to transfer MR data from time (FID) to frequency domain (spectrum), we have to apply FT. Using FT all
signals can be separated by their frequencies and the intensities in the spectrum, Jusell bl Jo sl Al ) 4085 ga ) an )8 Jgas
e ahaiuly el ok lile (Cahall) o il Jaall () Sl Jaall e clilal) J8 e Saiily | (uSally o il Jlaall Sl ) a3l
ihall (G355 Leilan i G Leliad (S il LEY)

Gradient Coilsz - «aildl

To produce an image, you must stimulate the hydrogen nuclei in the body, and then determine the location of those nuclei
within the body. These tasks are accomplished using the gradient coil. &5 cras caead) L3 Cua gl 8168 Jdad cay 6 sual) LAY
Lo cila aladialy algall 038 Glad) ol asead) JA1a 5 5l Gl a8 ga yyaal

If we assume a completely homogeneous magnetic field (this ideal situation does not exist), then all the protons in the body
will spin at the Larmor frequency. This means that all protons when return to equilibrium give the same signal. In this case
we will not know whether the signal coming from the head or foot. So you will not get clear image. Jso 2sa s Lo i/ 1)
s O e o ysa ¥ 24 et Ciaw avadl 6 50 el Ciligig pll mren 8 o(2sn g0 e Mall pn sl is) Lilei uilaie anblite
e deani N ABL il o o A (o dadld 5 LEY] CilS ) Lo o pmi (o Ulsd) 0ds 45 5 LEY) (udi e )l () lgin se die Cligig ]

The solution to our problem can be found in the characteristics of the RF-wave, whichare: Phase,

Frequency and Amplitude - /s L/ 2o o eSL U 00 jil) ds o yailial 6 LilShe (Ja o ) sinll (Ko
Lol
—

First, we will divide the body up to the volume elements, also known as: voxels. »=lic  J auall siis o oii oo oY 5/
) ru...Lf l_‘b‘,'/‘.{jjﬂ]/j ‘r’éé'//

» The protons within that voxel will emit RF wave with known phase and frequency.@ <t sis a jiaiv
g aa 33 g ek Cd (5 5aal ) 335 A g JuuS 58N 130 JA12 B g2 gal)

» Amplitude of the signal depends on the amount of protons in the voxel.;d <olisis s/ 4 e 5 LY/ daws sate,
Gradient Coils  (((are the answer to our problem)))

The gradient coils are resistant type electromagnets, which enable us to create additional magnetic fields, which
are superimposed on the main magnetic field Bo. The gradient coils are used to spatially encode the positions of
the MRI spins by varying the magnetic field linearly across the imaging volume such that the Larmor
frequency varies as a function of position.
(((Uilsdal Jad A))) A aiall cililal)
G W al Al ddlia) duhilite cilas pLA) (e LIS (Al g caglall £ 53l (o daily S cilewhilita (o 3L da jial) clilal)
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To achieve adequate image quality and frame rates, the gradient coils in the MRI imaging system must
rapidly change the strong static magnetic field by approximately 5% in the area of interest. High-
voltage (operating at a few kilovolts) and high-current (100s of amps) power electronics are required to
drive these gradient coils. sl alii 8 da juial) clilal) S o) g ABlSl) o jUaY) cNara g By gaal) 8392 (ia!
<) A3l il g <)) cugtha | alaiaY) dilaia A Uy 85 75 dud A oy g 08l Culll) pndalinall Jlaal) pndaliiall ¢y
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Notwithstanding the large power requirements, low noise and stability are key performance metrics

since any ripple in the coil current causes noise in the subsequent RF pickup. That noise directly
affects the integrity of the images. ¢+ U8l gasal) (6 giaa Galiad) a6 us)) 48D cililiia (e a8 ) e
el 1 i Gad) KLl a8l B b plia gpda G Cilall L A g o) O 1385 A 1) 1Y) Guilia
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To differentiate tissue types, the MRI systems analyze the magnitude of the received signals. Excited
nuclei continue to emit a signal until the energy absorbed during the excitation phase has been released.
The time constant of these exponentially decaying signals ranges from tens of milliseconds to over a
second; the recovery time is afunction of field strength and the type of tissue. It is the variations in this
time constant that allow different tissue types to be identified. sl Aakil asii Aandi) £153) o Juaill
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By: Muhammad Jabbar Hussein
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