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Spinning

A Spinning charged magnetic momert
particle creates an

electromagnetic field

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

spin

M=0
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Precession

A Larmor Equation w= g,
A Why hydrogen nucleus

d 1. Large component of
human body

d 2. Odd number of protons
(unpaired protons)

B, field
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Energy Level

Energy

A Energy state is not always the same

A ForH By, ; 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 6.54

3p 0 1 1/2 17.25
2Na 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
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RF Pulse

A If the pulse F equals Larmor F 5 M
Resonance Bo‘

A Rf pulse causes a flip angle g = gB,f

and also makes protons get in /ﬁF My

phase X

A Some protons will change
energy state

SN : g b
molow | W, W m WYY
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T, Relaxation Time

A After RF pulse
d 1. Spins go back to the lowest

energy state M z(t) =M 0(1_ e-%_l)
d 2. Spins get out of phase M
A T, also called spin-lattice z
relaxation time

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

A Due to

0 Interactions among individual spins
0 External magnetic field inhomogeneity

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

A Use 18@ pulse to refocus
A Eliminate the effect of external magnetic field
T, Relaxation Time or spin-spin relaxation time
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240 680 809 2500 t[ms]

T, constants (in ms)
0.2 Tesla 1.0Tesla 1.5Tesla

Fat 240

Muscle 370 730 863
White matter 388 680 783
Gray matter 492 809 917
CSF 1,400 2,500 3,000
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Betore applying Gx or Gy
Before Gx or Gy
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After Gy
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TR#1
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Receved signal after application of both GXx and Gy
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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
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due to imperfection in data symmetry




