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Spin, Magnetic Moment and Magnetization

® Nuclei with Odd # protons/Neutrons
posses spin angular momentum

~

® Associated with S is a magnetic
moment

- J

M. Lustig, EECS UC Berkeley




Demonstration of Magnetic Resonance

Disk space remains for recording 761 hours and 21 minutes
Project rate: 8192 ICursor: 0:00.000000 min:sec  [Snap-To Off]

https://www.youtube.com/watch?v=5r aXiCKlhw
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Spin, Magnetic Moment and Magnetization

® |n a strong magnetic field BO, spins align with BO
giving a net magnetization

® Magnetic Moment is produced

4 N
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Energy Splitting
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Magnetization

- Magnetization:
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Increase in signal-to-noise ratio of >10,000 times in
liquid-state NMR

Jan H. Ardenkjaer-Larsen*, Bjorn Fridlund, Andreas Gram, Georg Hansson, Lennart Hansson, Mathilde H. Lerche,
Rolf Servin, Mikkel Thaning, and Klaes Golman

Amersham Health Research and Development AB, Medeon, SE-205 12 Malmad, Sweden

Communicated by Albert W. Overhauser, Purdue University, West Lafayette, IN, June 20, 2003 (received for review April 16, 2003)

PNAS September 2, 2003 vol. 100 no. 18 10158-10163
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https://www.youtube.com/watch?v=MzlDg-zT48¢
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Magnetism

- Most Objects Exhibit induced magnetism

X >0 X<0
Poram‘?m 7(,})“ Die Mjm?lfﬂy,
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Magnetism

* Where does it come from?
1.Circulation of electric currents
2.Magnetic moment of electrons
3.magnetic moment of neuclei

1+2>>>3
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Magnetism

* (1) is explained by classical Physics

Orbit
Fluctuations

Contributes to Diamagnetism
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Magnetism

* (2) + (3) are intrinsic magnetism
L =95
Vel >> |l
- Effect (2) cancels in most materials due

to paired electrons (only exhists in stable
free radicals
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Magnetic Susceptibility

- Effect (1) is huge !!!

—Macroscopically, it just changes the bulk
magnetic field

Xwater ~ -9 . 10_6 Xproton ~ 4 - 10_9

Diamagnetic Levitation example:
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Quantitative Susceptibility

» Indirectly can be observed
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Susceptibility Mapping

» Indirectly can be observed

M. Lustig, EECS UC Berkeley  http://mri.kennedykrieger.org/nationalresource/trd2.html
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Mathematical Description of MRI

* Three Elements:
— Precession about B ( all fields)
— Transverse decay
— Longitudinal recovery
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Precession

—

S+ i+ B = Precession

Solution: w=Y|B]|

—

aM
dt

— M x B
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Mathematical Description of MRI

 Plan:

1) Derive Math for each element
2) Put together : e.g., the BLOCH equation

3) Solve the Bloch egn. for special cases
a) Excitation CH. 6 (later)
b) Reception CH. 5 (first)
i) Derive k-space (AGAIN!!)
ii) Pulse sequence
i) Sampling
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Precession

» We apply fields: Bo, B1, G
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Precession

» We apply fields: Bo, B1, G
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Precession
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Precession
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Precession

LRR ERAME £ oo
* Described by cross product pozz &
- \_\"'ojﬂ.
dM - .
— =B x M % ?g;;y,, |
dt . " "
» ““” Due to negative gyromagnetic ratio of
protons
o dM
— =M X ~vB
dt

* Bo Dominates! Hard to see other terms
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Rotating Frame

- Change coordinates:

A

i, Jr, kr]T = [icoswot, jsinwot, k]T

* In the rotating frame at wo:
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Rotating Frame

- Change coordinates:

A

i, Jr, kr]T = [icoswot, jsinwot, k|7

* In the rotating frame at wo:
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Rotating Frame
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Examples

Excitation

Precession
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Examples
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Relaxation

» T2 Decay
—Transverse magnetization decays
—Due to loss of coherence between spins

—Also called spin-spin relaxation

—Not a strong function of Bg
—Dipole effect stronger in solids
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Transverse Relaxation (T2)

* Let
M,, = M, +iM,

* Then
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Transverse Relaxation (T2)

« Solution:
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Transverse

Relaxation (T2)

* Examp

e: Brain @ 1.5T

—white matter T2=92ms, Density=0.65
—gray matter T2=100ms, Density = 0.75

Excite,

walit 100ms, collect data

uhi{;.
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T2 Example

Gray matter
lighter

white matter
darker

CSF
Bright!
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Magic Angle ~55 degrees

» Longer T2 due to dipole decoupling
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Relaxation

- T1 Recovery
—Longitudinal relaxation
—Due to Spin-Lattice interaction

—Thermal bouncing of molecules - lose cone of
precession - align with field

—Strong dependency on Bo , since energy level
depends on Bo

—Bo stong - hard to transition - T1 long
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T1 Recovery

CONE O F
FRECELSTON

PRELASTON
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» Bias towards up - stable anisotropic dist.
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T1 Recovery

» Magnetization recovers to equilibrium Mo

aM, M, — MO

« Solution: T1
/N
Ma(07/ '>é
M. (t) = My + (M,(0) — My)e t/T1

_MD
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T1 Recovery

After 9o pulse , My=0

_7 £
Ma“); M-M,C " = M(J-QT‘J

M@Sor SOUyce OW() CONJ)@S?L

as —(JQQQ g

M. Lustig, EECS UC Berkeley




T1 Contrast

* Brain at 1.5T
—Gray Matter T1 = 900ms
—White Matter T1 = 800ms

Excite 90, wait, excite again, image....
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T1 Contrast Example

Gray matter
darker

white matter
lighter

CSF
Dark!

Fat
Bright!
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Relaxation
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The Bloch Equation

« Combine Precession and relaxation

dM . o M+ M,i M, — M-
—:—’yBXM L y] Ok'
dt —~ " TQ T1

. U< . y
- Phenomenological: Fits ob rvations 4%V J
—Describes most of MR
—Sometimes Fails.... J-coupling, Magn, transfer
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