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Magnetic Moments

In most materials, such as soft tissue, these little magnetic moments are all oriented randomly (see figure 9.11). If
one nucleus has its spin and its magnetic moment pointed up, there will be another nearby nucleus with its spin
pointed down. Other magnetic moments will be oriented in various directions. This random orientation causes all
the spins and magnetic moments to cancel, so that the net magnetization is zero. Net magnetization is symbolized

by M.

Figure 9.11: the magnetic moments of protons in all directions
randomly.

If the patient is placed in a strong magnetic field, the magnetic moments will align themselves much as a compass

needle aligns itself with the earth's magnetic field

Although all the magnetic moments are illustrated as being aligned in the same direction as the external magnetic

field, in fact nearly as many align against the field as with it.

It is a result of quantum mechanics that the moments must align either with the field or against it. A small excess

of moments aligned with the field gives the patient a net magnetization, M as shown in figure 9.12.
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Precession
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Figure 9.12: the hydrogen protons parallel or anti-parallel.

The atoms in any material are in constant thermal motion, and thus the nuclei are being continually banged out of
alignment. At any particular time, slightly more of the nuclei will align with the field than against it, creating net

magnetization of the patient. The patient becomes a magnet.

Hydrogen is not the only element we can use for MRI. In fact any element, which has an odd number of particles
in the nucleus, can be used. The protons in a molecule bunch of hydrogen are a lot of tiny bar magnets spinning
their own axes. As well known two north poles and two south poles of two magnets repel each other, while two
poles of opposite sign attract each other. In human body these tiny bar magnets are ordered in such a way that the

magnetic forces equalize. Human bodies are, magnetically speaking, in balance.

The magnets used in MR imaging can be in different field strengths. For example, the magnetic field strength of 1
Tesla magnet is £ 20000 times stronger than the Earth's gravitational field! This shows that we are working with

the equipment to be potentially dangerous.
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Table 9.1: MRI friendly elements

Isotope Symbol Spil:ﬂg::l?::“m g;:::) \(12%“;/‘;{;
Hydrogen 'H 1/2 42.6
Carbon Be 172 10.7
Oxygen o 5/2 5.8
Fluorine e 3 12 40.0
Sodium BNa 3/2 11.3
Magnesium 25 Mg 5/2 2.6
Phosphorus p 1/2 17.2
Sulphur 3g 3/2 3.3

Iron “Fe 1/2 1.4

If the person placed in the MRI scanner some interesting things happen to the hydrogen protons:

1) They align with the magnetic field. This is done in two ways, parallel or antiparallel.

2) They process or “wobble” around the direction of the external magnetic field (the zaxis) due to the magnetic

momentum of the atom. (see figure 9.12)

They precess at a frequency called the Larmor frequency. The Larmor frequency can be calculated from the

following equation:

®o =y Bo Where
®, = precessional or Larmor frequency (MHz) y = Gyro Magnetic
Ratio (MHz/T)
B, = Magnetic field strength (T)
Highlights the importance of this equation is by the need to Larmor frequency to calculate the operating frequency
in the magnetic resonance imaging system. For example, if the magnetic resonance imaging system 1.5 Tesla then

Larmor frequency or precessional is:

42.57 x 1.5 = 63.855 MHz
The precessional frequencies of 1.0T, 0.5T, 0.35T and 0.2T systems would work out to be 42.57 MHz, 21.285 MHz,
14.8995 MHz and 8.514 MHz respectively. When applied strong magnetic field of the scanner on protons, it could

align with the field in two ways: parallel and anti-parallel.
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Can also be called the two cases are low-energy state (parallel) and high energy state (anti-parallel). Distributions

of protons for both states are not the same. ¢

The protons prefer to be in a low energy state. Protons aligned parallel which are lowenergy state more than anti-
parallel protons to the direction of the applied magnetic field which are a high-energy state (Figure 9.13). However,

the difference between the two states is not large.

Magnetic
field (Bo)

Anti-parallel Parallel Yatirnood @ Hidor

Figure 9.13: Hydrogen atoms and magnetic field

For example, the excess number of protons that aligned parallel or low energy state within a field 0.5T is only 3
per million (3 ppm = 3 parts per million), in a 1.0T system there are 6 per million in the system. So, the excess
number of protons is proportional with B,. This is also the reason for the 1.5T systems make images better than

systems with lower field strength.

The excess number of protons within a 1.5T field is only 9 per million which is don't seem very many, but in real
life it adds up to quite a number. For example, if we calculated how many excess protons there are in a single voxel

(volume element) at 1.5T.

* Assume avoxelis2x2x5mm=0.02ml

* Avogadro's Number says that there are 6.02 x 10 molecules per mole.
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* 1mole of water weighs 18 grams (016 + 2H1), has 2moles of Hydrogen and fills 18ml
* 1 voxel of water has 2 x 6.02 x 102 x 0.02 / 18 = 1.338 x 102! total protons

1.338 x 10% x9 .
The total number of excess protons = > % 106 = 6.02 x 10!

or 6 millio billiom !
There is a net magnetization (the sum of all tiny magnetic fields of each proton) pointing in the same direction
as the system's magnetic field.

The net magnetization using an easy by vector in order to see what is happening with them in MRI. A vector (the
red arrow in the Figure 9.14) has a direction and a force. We imagine a frame of rotation is a set of axes called X,
Y and Z. The Z-axis is always pointing in the direction of the main magnetic field, while X and Y are pointing at
right angles from Z. Here the (red) net magnetization vector pointing in the same direction as the Z-axis. The net

magnetization is now called M or longitudinal magnetization.

Net
Magnetization

Mz)

= Sum
of vectors from individual nuclei

Yehmood @ Hider

Figure 9.14: Direction and a force of net magnetization
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To obtain an image from a patient it is not enough to put him into the magnet. The following steps can be divided into
Excitation, Relaxation, Acquisition, Computing and Display. s (Say  uhlinal) 8 dnig A9Y (o jall (e b sa o Jganll

ol s A gad) g by g cplA SN g (B EY) Al Al <) gladd),

Peaks simultaneous

In-Phase and Diphase In Figure 9.15 the | + ¥ Phase angle 6 = 90°

two wheels with an arrow. (a) The wheels

rotate in the same speed and in the same \ / \ / >T T

angle. The arrows will therefore point in the

same direction at any time. Say the wheels Sine waves of the same frequency Sine waves of the same frequency which are a
which are in-phase quarter cycle (90%) out of phase (diphase)

rotate in the same phase (in-Phase).
Another two wheels (b) with different angle
therefore, we say out of phase (de-phase).
Lagaa Glilanl) 9,15 JSal) (2 AU jehally ) ghal)

4 “ . Wakmecd @ Haider “
A9 ) Gy g Ae ) Qudy Bl 9 (1) Lage @ (b)

L . . . . Figure 9.15: (a) two wheels are rotating in-Phase (b) two wheels are rotating de-phase
_Qﬂ‘gé\@al#ﬂwwﬁg})&.ﬁ*ﬁi\oyﬁgﬁng 8 (a) g (®) . g P

(oshall 4 3f) Jshall 7 A gl Allida 4 9) 53 () Glhodl Olilae dlla (M () ) Ada jal) Gudi (B g claad) o 2 80

RF Pulse

If the person placed in the MRI scanner, the first thing which happens is the precession of spins around the direction of the
external magnetic field (the z-axis). If another magnetic field is temporarily switched on in a different direction (in the direction
of the x- or y-axis), precession will occur around the direction of that magnetic field also. _:saill fals & (addd) puag 2113
slad) A Ulga AT oawalite Jlaa G o3 13) L (Lsaall) (A anilitall Jlaal) olad) Jga o) sall AS a9 Gang L Jgf O ¢ uanhiliall (i 1
Uyl (puhalinall Jlaall 138 olail J oo daliia 4S ja ditaiod ((gaal) — o) — olad) B) calida,

If the second applied magnetic field is static, the resultant movement of the net magnetization of a spin isochromat will be a
complicated motion due to precession from the two static fields. -2bal 4300 48 all (a0 uaal) dlizal) Jlaal) oS 0d)
CriSluadl Catlaal) (e B paleal) Cusey Balina 4S ja ()5S (5 gbuscial) )y gal) Adaiia

However, if the second magnetic field which is temporarily applied is oscillating with the frequency of precession of the
precessing spins a simple rotation of the net magnetization vector results. (Rotation of magnetization into the x-y-plane is a
""90° pulse'. The dephasing of the components of magnetization in the x-y-plane starts to occur straight away, as does the re-
growth of magnetization in the z-direction. Afsal) 45 ad) a8 aa zea U Biga 4l 23 5 0) A silinal) Jlaal) (LS 13 il pag
b Akniral) ciligla A1) Tag MAa 3 90 Gl B (s gimall B Alirall O 90) Adaikall JBU Alal dae O 90 Al (8 gibiad dlilad) il
slay) & Aaliall gaiBale) g Jadl ga LaS (il o o giaal),

By:Muhammad Jabbar Hussain
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