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Spinning

» Spinning charged magnetic moment
particle creates an

electromagnetic field

e Spin quantum number S
# of energy states = 25+1

spin

M=0
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Precession

o Larmor Equation o = B,
e Why hydrogen nucleus

- 1. Large component of
human body

- 2. Odd number of protons
(unpaired protons)

! B, field
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Energy Level

Energy

e Energy state is not always the same

e For 'TH B,_,s7 Energy State=2
Precession frequency= 42.58MHz/T*1.5T=64MHz

Nuclei Unpaired Protons Unpaired Neutrons  Net Spin  (MHz/T)

H 1 0 1/2 42.58
’H 1 1 1 6.94

31p 0 1 1/2 17.25
23Na 0 1 3/2 11.27
14N 1 1 1 3.08

13C 0 1 1/2 10.71
19F 0 1 1/2 40.08

NTU WfcroSyster Regércli Lz, s



RF Pulse

e If the pulse F equals Larmor F 0
Resonance Bo‘

« Rf pulse causes a flip angle & = )B,7

and also makes protons get in /ﬁF My

phase X

e Some protons will change
energy state
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T, Relaxation Time

o After RF pulse
- 1. Spins go back to the lowest

energy state M ) (t) — M . (1_ e_%_l)
- 2. Spins get out of phase M
« T, also called spin-lattice z

relaxation time

e Spins give energy to the
surrounding lattice
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T,* Relaxation Time

e Due to
- Interactions among individual spins
- External magnetic field inhomogeneity

/N
" V(D)
M (1)
St
-
-
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T, and T,"

o Use 1800 pulse to refocus
e Eliminate the effect of external magnetic field
T, Relaxation Time or spin-spin relaxation time
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A sImple olbject as example
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Receved signal after application of both GXx and Gy

TR#1
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One-te-ene relatienship hetween
and poesition aleng
and between gradient increment

and position aleng
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Preliminary deconposition of signal into its Real
and Imaginary CompPoeneRts

1 K Space -
Subtract =P Real

JUTU X .
Signal Aa%ﬁbﬁho%a*p Imaginary
2 NN s K Space -
) Subtract =P j q U Imaginary
Sin(Wot) UnUIhUm >




Thelmaginany K-Space provide a SENse o

left-right or up-down Direction

Spatial direction of K space information:

K space - Real (cos) K space - Imaginary (sin)
a a -b b
: 3——@ ]
a a b b
: |
0



The phase gradient corresponding to
[Op and bottem of k-Space have
opposite polarities




Because the Sine function Is odd the left
half of signal'is the reverse of the right half

v\
+b
L]

0



K=Space conjugate (iHermitian) symmetry
by adding Real and Imaginary. components




. \l

n



The entire k-space can e constructed
by 2 NEX but phase error IS created
due to Imperfection In data symmetry




Real and’ Imaginan/ images

We want to have a real image with imaginary
part being zero
But motion and gradient errors create a
NoN-zero phase Image as artifacts

Real F.T. Real
K space iImage

Imaginary F.T. imaginary
K space Image




Phase Image = arctan (Imagman/Real)

Magnitude image = Sgrt (Real*+Imaginary?)

Magnitude
image

Imaginary
image




FT Process

e Split signal into two parts, real and imaginary
e 1st 1DFT for each row

e Modulus M

e 2nd 1DFT for each column

Signal Data Matrix

Real Imaginary
(o) [TPF i), In phase Matrix Matrix

1st IDFT ¢ ¥  1st1DFT
2C05@,t

gnal s(t) [——M T
||-PF HQU), Quadrature TT———

b
Modulus

p=
—

I(t) + j Q(t) = "Base Band Signal"

¥ 2nd 1DFT

e
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The K-space and Its constructed Image

Orignal raw data Original base image
(a) (b)

Figure 13-5. (a) The original raw data (k-space) of (b) the original image (midline sagittal T,- weighted image of the brain).




Another way to construct imaging

Select one slice
Do many experiments with different directions
of readout gradient
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Direction of Slices

Selective RF pulse 3 i
P Coronal slice
Y
I—> z = ey
G,
X

on
I I_ off

Selective RF pulse
y
}0 z S o
(l(. _,—l___ Oi't'
X

Selective RF pulse
Sagittal slice
y

; on
I—> Z = | |
b\ off

X
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Multi-Slice Imaging

e« TR much longer than TE
e Put different excitation in that time interval

Multi-slice imaging

i s )
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FSE

e Fast Spin Echo

e Echo Train Length (ETL)

o Different TE for different echo

e Choose refocus timing at the TE we want

—rn r 1 r 1 71 1,.

echo 1 echo 2 echo 3 ...

I 7)
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GRE

e Gradient Recalled Echo
 Why not decrease TR?

e Partial flip angle

e 180 pulse can’t be used
e Another way to refocus

GX

B )
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Strong T1-weighted image
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EPI

» Echo Planar Imaging Echo Planar Imaging (EP)
e One shot and Multi-
shot

e Signal decays
rapidly because T,*

e FOV (Field of View)
too big

e Requirement is hard
to achieve
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MRI System

SHIELD
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0.015 — 0.3 Tesla Resistive
0.5 -3 Tesla Superconducting
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