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Excitation

Before the system starts to acquire the data must be perform a quick measurements (also, called pre-scan) to
determine the frequency of protons spinning (Larmor frequency). Selecting this frequency is important
because it uses the system for the next step. -xds) 4w Gluld o) a) cag by o Joaad) 8 alall) oy of J&
A B ladll AUAMY andiony ASY Usgea 1 3al 20 i) 138 LR aay (s ¥ 0350) ciligh gl Ol 3855 Saail (aeall gaall Lyl

Once the Larmor frequency is determined the system will start the acquisition. For now we only send a radio
frequency (RF) pulse (An RF pulse is a magnetic field, the direction of which is oscillating at the Larmor
frequency) into the patient and we look at what happens. & .3saiuy) dudae 3 AUAT o <3330 Baad 3 e
G (Usa¥ 235 ks Aalad) a by bl Jlae (8 3L (SLudl) 20 3 Ldad) (503 2358 Auayl b Juu i (Mol < gl)
Cadan L ) GBI Gl pall

The oscillating magnetic field at the Larmor frequency is switched on for a very small amount of time (a
few milliseconds) to achieve such a rotation. This magnetic field is called an RF pulse; it is short (a burst or
pulse) and the Larmor frequency for MRI is in the radiofrequency range (tens of MHz). This process is
sometimes called RF excitation of the spin system. Different amounts of rotation can be achieved by
applying the oscillating magnetic field for different durations. sa¥ 225 tie Qe ehlial) Jlaal) Jadi a4
Ry ALl @l Al Gan oblial) Jaall 138 pawy losal) 13 Jia glanl (A0 e daiday) 12 B hea duia) 3l
Alenl o0 pand | (Jipalise <l pde) dysual ) claa il Glal (b oehilitall Gl paseail) 235 G sSg (A o) ABR) ol
Qilial) paualinal) Jlaall Gadi JMA Cpa o)l (e Adlide CiliaS (Gfal ey O gal) Al AL cilay a3l 5L Ulal
Adlida ¢ sl

For better understanding, let us assume we work with a 1.5 Tesla system. The centre or operating frequency
of the system is 63.855 MHz (Calculated using the Larmor equation: (mo = y Bo). Ll (sl «Jd) agd Jal (ha
05aY Adlaa 2l R0y @ pana) i jalane 63,855 94 AUl Jadal aa 5 gl g 38l 230 Shedi 1,5 aUS Jead

In order to manipulate the net magnetization we will send a Radio Frequency (RF) pulse with a frequency that
matches the centre frequency of the system: 63.855 MHz. This is where the Resonance comes from in the
name Magnetic Resonance Imaging. Resonance you know from the opera singer who sings a high note and
the crystal glass shatters to pieces. MRI works with the same principle. Only protons that spin with the same
frequency as the RF pulse will respond to that RF pulse. 32,5 4 Jlu b a 58l Ci g 4dlal) dhiial) dallaa Jal (e
A Ol pudalial) (il geall) aeily Gl (Al LR (rag L i Rliae 63.855 talaill (g 38 sall sa il (Gildy 23 (g 503
hid el iy awhlial) Gui e il Jany adad ) skl glasl akatyg Alle daid By g3 ) g e (e 4d
AL S 38l At uatiadia AN A S 23l ddagd 03 5 (udly g8 A il g pal)

If we would send an RF pulse with a different frequency, let's say 59.347 MHz, nothing would happen. Therefore, by
sending an RF pulse at the Larmor Frequency,
s 2 o Aad Jul Gk oo Il s d Gaag B Jip lage 59,347 JeAI Uea it aa gl a8 Ay Ul 1)
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with certain strength (amplitude) and for a certain period of time it is possible to rotate the net magnetization
into a plane perpendicular to the Z-axis, in this case the X-Y plane (Figure 9.16). 4xiaj 5 jidly (daw) dima 5 54
s Simuall A 038 B cn ) gaall o dalatia (s giena ) ddliall ddaihall g Saal) (1 (Adira

Bo = constant

Z
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Figure 9.16: RF pulse at the Larmor Frequency, it is possible to rotate the
net magnetization into a plane perpendicular to the Z-axis.

We just “flipped” the net magnetization 90°. Later we will see that there is a parameter in our pulse
sequence, called the Flip Angle (FA), which indicates the amount of degrees we rotate the net
magnetization. It is possible to flip the net magnetization any degree in the range from 1° to 180°. For
now we only use an FA of 90°. This process is called excitation. .4s_3 90 J)tie; dkaiaal) Al "LLE" sl
Oa Al ila W a3l cla Al jlaia ) el Al g e (ol (gl Jadud 8 dalaa dlia o BaY 5 i
BSUEY) and dgland) 038 5 90 el axdicai Liild ) La) 180 (M 1 e sl B A 3 sl Ldlall daiial) b (Saal)

Relaxation

If the net magnetization rotated 90 degrees in x-y plane and this means the same thing if we say that
the protons raised to a higher energy state. This occurs because the protons absorbed energy from
the RF pulse. This is called the perturbation that protons do not "like or want" continue in high
energy situation "excitation” they tend to return to the normal or low energy situation
"equilibrium™. A general principle of thermodynamics is that every system seeks its lowest energy
level. The same thing for the protons, and they prefer the lineup with the main magnetic field or, in

other words, they would be in a low power state.
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The relaxation means the return of a perturbed system into the original situation ""equilibrium™ and each
relaxation process can be characterized by a relaxation time. The relaxation process can be divided into two
parts: T1 and T2 relaxation. 4ules JS 5aaf o) OSag "0 315" L) plagl ) bl sl 3age (ay s13 5uY)
SE Y 2 51 opand ) WA ) e anadli (S L pUA Sl (e #A i)

T1 Relaxation

T1 is spin-lattice relaxation time which relates to the recovery of the magnetization along z direction after
RF pulse. We can say that this as the time it takes tissue to recover from an RF pulse so you can give
another pulse and still get signal. T1 is called the spin-lattice relaxation time because it refers to the time it
takes for the spins to give the energy they obtained from the RF pulse back to the surrounding tissue
(lattice) in order to go back to their equilibrium state. s Aaiial) salaialy ety 52) 45 gal) ASE)) plA ) g a
sladl Jsbz sia SLad) 288l Gan (e Alaill Aaudy) 48 piud oA gl ga 1 o Job o) LiSay S 288 G g
G cBgl A sads A Gaed) AS0d plA la) By ey B o Jaaal) Bl aiuY) g g AT A sl (pa (SaS
D ) 3agadl Jal ¢ (Adll) Uaaal) Al ) o 52310 2330 Gand e Wale claa Al A8l Sale Y cilid) 43 gl
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T1 relaxation describes what happens in the Z direction. So, after a little while, the situation is exactly as before we sent
an RF pulse into the patient. In other words, immediately after the 90° pulse, the magnetization Mxy precesses within
the x-y plane, oscillating around the z-axis with all protons rotating in-phase. After the magnetization has been flipped
90° into the x—y plane, the RF pulse is turned off. Las Lalai g gl) graal b juad 5 38 ey A olady) 3 sy La LA 1Y) cluay
des iy s sl Jala Aaiiall fag cdaja 90 Ayglly Al 3y Bodise AT dray Gl sall ) S a8 G Jluy) JB Gl
Sl 23 1) () ol g giaal) ) A j2 90 ey Anikall b oy o aay | skl (B Cilighg ) gaa (190 g sl

Therefore, after the RF pulse is turned off, two things will occur: s o SLedU) 3 j1l) i Joi i cildy) s I3

1. The spins will go back to the lowest energy state. .48 Alls s ) < gal) agein 1
2. The spins will get out of phase with each other..zsl Ledas pa shal) (o ol 7k

The protons are returning to its original situation *"equilibrium® by the releasingthe absorbed energy in the form
of "very little" warmth and RF waves. That means, in principle the net magnetization rotates back to align itself with the
Z-axis. After the stops of the RF excitation pulse, the net magnetization will re-grow along the Z-axis, while emitting
radio-frequency waves (Figure 9.17). Ju8" sy Joi & daiaal) 48Ua)) (33Ua) JNA e 030l L) Lpazag ) ciligig ) 3
2l B Gl g amy - gaal) g (3815 (5 AT B e g Akaiial) (Bl Of lasall Gua (e oy 13a g LSl claa A il gay M
ssnall Jsb o datial) Ala gady g g NZ¢ L (9.17 JSAD) (g0 230 Glaga gha il WainT 1 relaxation describes
what happens in the Z direction. So, after a little while, the situation is exactly as before we sent an RF pulse
into the patient. T1 relaxation is also known as Spin-Lattice relaxation, because the energy is released to the
surrounding tissue (lattice). Juu ) Jid (S LaS Lalal puda o) gossaal 6B a5 8 aay (A slad¥) (& Ciaag L sl ) sy
() Aol s ) WBe) A ABUal oY el AL Ladl B AW dial paall ) gl
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Figure 9.17: The net magnetization will re-grow along the Z-axis after the
stops of the RF excitation pulse

T1 Relaxation Curves

T1 relaxation happens to the protons in the volume that experienced the 90°- excitation pulse. However, not
all the protons are bound in their molecules in the same way. This is different for each tissue. s\ _iud) Gasy
ARy phal) udly Lgaly Jag Ao e ciligig ol JS Caad ) pag A0 90 BV (s gl gl aaall B Bagagall ciligig ull
Ay g8t sy 138

One 1H atom may be bound very tight, such as in fat tissue, while the other has a much looser bond, such as
in water. Tightly bound protons will release their energy much quicker to their surroundings than loosely
bound protons. The rate at which they release their energy is different. The rate of T1 relaxation can be
depicted as shown in Fig. 9.18 s AY) o G (B cdiaall Aad¥) (b Jlad) oo LaS cyad alsaly ddadi jo I3 gaa) ¢
a8 f ol S8 Lhaaa ) gl plsaly Alapal) cligiand) Gl el b Jlal s L g i) A g
JSA A g 9h LS slA i) Jura gl (S Lagiilh 4y (pgilhy oX) Jamall Gilidgg | lalicad JS b yal) g g )
.9.18.

The curve shows at time = 0 that there is no magnetization in the Z-direction right after the F-pulse. But
immediately the MZ starts to recover along the Z-axis. x: 3 il slad¥) b dhalia 2529 pse = Clgl) b dadall iy
osaall dob o Al 8 Tay il o o8ty Ayl

T1 relaxation is a time constant. [T1 is defined as the time it takes for the longitudinal magnetization (MZ)
to reach 63 % of the original magnetization]. In other words, magnetization (MZ) be at the beginning and

before sending a pulse on the Z-axis with the maximum value (100%), after sending a pulse, MZ go down

to zero on the Z-axis and a full appear in the xy plane, (i.e. 90 degree turn spiral pathas in fig. 9.17). This
means that the protons are in an excited state. Immediately after
OS5 AT ey [4lal) daliall (s %63 () Juall () Akl ddaiial) 48 jpind o) cBgl) Ay Gy 1] Lol By ga LA )
ALals gl jgaall o jial) ) J35 Al Jluy) 29 ((%100) s 9d dasiy jgaall o A Jlay) JB a8 () ddaiial)
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Cutting-off the pulse, begin declining in the xy plane and at the same time grow on the Z-axis to reach 63% of its
original value with a time called T1, (i.e. that the protons begin to return to equilibrium or primary status) according to
the following equation:dbal) gied ca %63 () Juail — jsaal) Jo gaii chgl) (pudi g (5 gimsall B (@A) B Jad (yaull) adid sie
A Astaal) 889 (Ad g Al g 030630 L Bagal) B cligi gl 1A () (sl) ramws By pa

M, = My(1 —e™¥T1)

For example; After t =T,
=M,(1—e™?) where e 272
=0.63M, or 63% M,

M, =M, (1 - &)

After t= 5T,
M, = M, (1 —e™5T:/T2)
=M, (1—e7®)
=099 M, or 99% M,
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Figure 9.18: The rate of T, relaxation.
A similar curve can be drawn for each

tissue as shown in figure 9.19 which

illustrates four tissues found in the head.
Each tissue will release energy (relax) at
a different rate and that's why MRI has R Jm— A LPERYERE s

such good contrast resolution.

Short T1: tissue with a "tighter” molecular :
Long T1: tissue with a "looser" molecular :

Figure 9.19: Example T1 curves for four tissues found in the head.
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