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Magnetic Resonance Imaging (ilial) (i )i guall)
Magnetic resonance imaging (MRI) uses radiowaves and magnetic fields. Although the
nuclei of all atoms contain protons, only those with an odd number possess the property
called nuclear magnetic resonance. <¥laallg 4353300 il gall (padalinal) (il o gaail) padiey
B e o ggiad Al Al oY) ccligign Ao o siad i araa s 5 O e a1 e Asdaliiall
L5 95 runhalial) (i ) e Apald dlliad Al Jadd A
Hydrogen has a single proton and thus a large magnetic moment, and it is abundant in the
body, in water (free or attached to other molecules) and in fat, and so provides the best MRI
signals. casal) B3 A8 ) gia oA g ¢ S analita aje 4l AL g can) g G559 0 AS G gugd) 5 sy
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Magnet types kbl £) il
The patient is placed inside the magnet bore and is surrounded by a set of coils (the
innermost coils in figure below) connected to an RF generator (transmitter or oscillator),
which sends through them a pulse of RF current lasting 1 ms or less Jala paiall aag ol
Cilaa yi) A gay Abuatia (oUd) JSEN B gasd) clilall) cililal) e Ao gana 4y Jasan g (uabiliiad) Ciygad
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Three types of magnetic fields—main fields or static fields (B2), gradient fields, a
radiofrequency (RF) fields (B1)—are required in MRI scanners. In practice, it is also
usually necessary to use coils or magnets that produce shimming fields to enhance the
spatial uniformity of the static field Bo. ) dseidl Jgdal) — docslalinall c¥laall (e ) g8l A
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MRI Scanner Components
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Main Magnet (i) Gahilial)

The main field magnet is required to produce an intense and highly uniform, static magnetic

field over the entire region to be imaged. To be useful for imaging purposes, this field must
be extremely uniform in space and constant in time. 7\5) il Jaal) Guskliiae (o gllas
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There are three types of main magnet: (i) (ushlial) ¢a £ i A6 lia
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Permanent magnet

Resistive electromagnet

Superconducting electromagnet

It consists of two
opposing flat-faced highly
magnetized pole pieces
fixed to an iron frame

It 1s a set of DC coils
with copper or
aluminium conductors

It 1s a DC solenoid, about 1 m in
diameter

It 1s large and can weigh
some 80 tonnes

weighing some 2 tonnes

weighs some 6 tonnes.

It is expensive to buy but
the cheapest to run.

It is the cheapest and
smallest

large and expensive

It requires no power but

consume some 50_100

The current continues to flow

cannot be shut down kW of power while using virtually no power,
but liquid gas is consumed to
maintain the low temperature
No heat is generated and it | The heat produced is They are supercooled by a

is used for claustrophobic
patients, children, obese
adults and interventional
procedures.

removed by cooling
water, pumped rapidly
through the hollow coils.

nma\omo:v liquid helium at 4 K (-
J .

o . At this temperature, they
havk negligible resistance, and

large (DC) currents can be used

It will only give low-
strength, vertical fields, up
to about 0.3 T.

The vertical or
horizontal magnetic field
is limited by heating to

T, and has significant
fringe fields.

producing horizontal fields up to
at least 3 T but with significant
fringe fields.

The shim coils (not shown in figure) carrying DC, which are fine tuned to make the main magnetic field

Shim Coils
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as uniform as possible throughout the imaging volume ¢
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Gradient coils 7 -3 caildl

The three sets of gradient coils, carrying DC, which are varied to alter the slope of the magnetic
field...panbalial) Jaall Jpa il W s aly 5 « paenal) LD Jand i) el cililall cpa G cle ganall

One gradient coil for each the x, y, and z directions of a Cartesian coordinate system, are used to code
position information into the MRI signal and to permit the imaging of thin anatomic slices «ila aladiu) aly
s rlacad) g udalinall ¢y il s guall) 3 L) (B ad gall Cila glaa Jaa st A LSl clfilaaY) aUS clalad) JSI da) gz jaia
The slice select or Z-axis gradient field is switched on during the application of the RF pulse. The steeper
the gradient, the thinner the slice. WS . SLud) 33 8 (o (Gt s U ) gaal) g dag pdl) wast 7 a5 Jlaa Jaandi o
L) Al il st JiS] g paal ols

Radiofrequency (RF) Coils 4 53 ) las i) caildl

RF (transmitter/receiver) coils, which are tuned like a radio to the resonant frequency. They produce a
magnetic field at right angles to the main field. To maximize the signal, the coil should be as close as
possible to the part being imaged. The RF coils are of several types «(Jiimall/Jes yall) 4ladl) oy i) cilila
g B LAY paliail i ) Jlanal) o Al ) gy euslalita Ve i gl 0o 1) 295 o 503050 Jia Lghapuda oy (Al
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1) The standard body coil is usually a permanent part of the scanner. 1t is used to transmit the RF
pulse for all types of scan and to receive the MR signal when imaging large parts of the body (e.g.
the chest and abdomen). The patient should be positioned so that the coil includes the anatomy to
be imaged. A pas Jill Aaladind ol | Agedall pralal) Ga Ll 18 S bl aceal) cila 985 La pale (1
(Ol g bl Jia) acial ca B 51 3l gaal ie pualaliiall (i 1) 5 L) JLind g sl £1 55 apand LSlusU)
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2) The head (transmit/receiver) coil is part of the helmet used in brain scanning. ) <ils ;5o (1
Fladll e (8 Lardicuall B3 GAY (e 13 o (i )/ Sla YY)

3) Surface or local (receiver) coils are separate coils designed to be applied as close as possible to
image parts close to the surface, the lumbar spine, knee, orbit, etc., before the patient is inserted
into the machine. They receive signals effectively from a depth equal to the coil radius. <l (1
Cra A AN B gl £ 320 O (Saa (S BT B Lgldat At daaias Aadia cilile & (Aliaall) Llaal) ol Aadaid)
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4) Phased array coils are multiple (four or more) receiver coils whose signals are received

S)

individually (less noise) and then combined to increase signal but with a large field of view. All
data are acquired in a single sequence. The greater the number of independent coils, the more
difficult it is to keep them decoupled without losing the signal. Geometrical and electrical methods
are needed for this. With a 64-channel array, MR cine at 125 frames s1 has been achieved at 1.5 T.
(S8 plia gun) (53,8 JSdiy Ll L) Jtia) oty (LAS) 9 Ay Jf) Basaiia Jliin) cilile & Aol jall 48 ghuaall cilile (1
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Transmit phased array coils produce a current on each element. Special amplifiers are needed
to define this current. Careful control of the relative amplitude and phase of each element enables
them to be mutually independent. With reduced pulse duration, higher sinal, improved field
homogeneity and, incidentally, reduced specific absorption rate at high field strengths, parallel
MRI can be used in the excitation phase as in Transmit SENSE 1315 dlui yall 43la jal) Ciiial) cilile gl
JS A jall g Appeadl) dmal) (B (3B aSal) ), LN 138 paail Aald Cigua e ) dals AUy | puaie JS e
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The complete magnetic resonance system Jall) dalizal) ¢y Jl) sl

In addition to the magnet, coils and their controllers there is a pulse control unit. The pulse sequences are

selected at the operator console, and the control unit synchronizes the gradients and RF pulses for the

selected parameters. The main computer has an array processor (for the Fourier transforms) and sends the
data to the image processor (Figure below). 54a9 a5 g3 dualild) asatl) Cilaa g5 cililal) g Gushilizal) ) Adlayl
(SLadU) 33 51 Gl g il i) Ada) oy aSail) Bas g a g8 g (Jadiall aSaliBan g A (aall) cBlabedi Baad aly | (anil) B aSadl)
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Figure 10.28 Typical system configuration. RF, radiofrequency.
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MRI Scanner Cutaway
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Permanent Magnet MRI

By:Muhammad Jabbar Hussain




	Main Magnet المغناطيس الرئيسي
	Shim Coils
	Gradient coils لفائف التدرج
	Radiofrequency (RF) Coils لفائف الترددات الراديوية

