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Fourier Transform Approximation

defining the transverse magnetization:
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Fourier Transform Approximation
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X Inverse Fourier transforms..
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Fourier Transform Approximation
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Fourier Transform Approximation

To a good approximation, a small flip
angles, M, t)~Mm,




Fourier Transform Approximation
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3x3 orthogonal matrix

Bloch Equation
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3x3 orthogonal matrix

Define:
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3x3 orthogonal matrix

3x3 matrices are tedious!
How about 2x2 matrices?




Spinor Plane

The real orthogonal transformations in
3D space correspond to unitary
transformations in the spinor space
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Quantum Mechanical

Pauli spin matrices:




Quantum Mechanical

Spinor: the elements of a complex
vector space introduced to the notion of
spatial vector
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2X2 unitary matrix

Differential equation corresponds to the
Bloch Equation:




2X2 unitary matrix

Final,

f—iNz smf —i(I\L—iI\L)sing

P N in?
2+|I\L S]Il2

Q06

_4(mL+iN)sin§ cos




2X2 unitary matrix

Define:

4 4

a =cos——iN,sin = . .
< 2 2¢ aa + B =1
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a and 3 are the Cayley-Klein parameters
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Hard Pulse Approximation

A soft pulse, B,(t), can be approximated by
n short hard pulses:




Spin Domain Bloch Equation

Bloch equation in the matrix representation:

B —B

| Ly 1,x

M (T) = RM (0)
Total rotation matrices:

R = Ran—l "'Rl




Spin Domain Representation

rotation parameters: )
. B1,j : the i-th magnetic filed
--rOtatlo N a N g Ie at: the turn-on duration of El,j

G: the gradient strength

X: the position

¢, = —Q/At\/‘gl,j g (Gx)2

--rotation axis




Spin Domain Representation

There rotations can also be represented
by 2x2 unitary matrices:

Q =

Cayley-Klein parameters
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Spin Domain Representation

Cayley-Klein parameters for the jth
interval:

41

a; =cos——iNjsin
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Spin Domain Representation




Spin Domain Representation
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Spin Domain Representation

No rotation as the initial condition
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The product of two unitary matrices is
also unitary
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B2 7 * i2Bloch Equation

Mxy :Mx-l—iMy
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2X2 unitary matrix: 3x3 orthogonal matrix:
--spinor --magnetization
--rotation matrix:Q --rotation matrix: R

-y =QVY --M*=RM"







SLR

Forward SLR
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Forward SLR
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Forward SLR

Hard pulse :
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Forward SLR

Gradient :
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Forward SLR

The total rotation matrix:




Forward SLR

If we substitute into the precession:
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Forward SLR




Forward SLR

_C1C2 _ 818;
0 S5,C, + 5,C,

C,C,C,—(C,S,8,+5,5,C,)z" - S,C,8,
S,C,C, —(S,S,5,-C,8,C, )z + C,C,S,

A,(z) and B,(z) are each polynomials of order j-1 in the variable z




Forward SLR

Define:
A,(z)




Forward SLR




Forward SLR

Forward SLR:
RF + spatial gradient = two polynomials
Get the RF pulse=>»get the slice profile







Inversion SLR

Given two polynomials =»producing the
B1(t)

Design A, and B,,, design B,(t)




Inversion SLR

= *ﬁ w forward SLR
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Inversion SLR

C S ||A CiA +5;B,

J J

—5;z Ciz| b Z(_SjAj+CJBJ)

[A Bj_1]T are lower order than [A; Bj]T
--the highest term of A, ,
--the lowest term of Bj_1

mm)p drop out




Inversion SLR
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Inversion SLR

C,A  ,+SB, =0

INE! A, , : the mth term of the polynimail A

_ S A 1 C B _ O B, , : the mth term of the polynimail B,

Choosing the low order recursion:
-5;A,,+C,B,,

j Ie‘sm¢/
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Inversion SLR

The tip angle produced by jth of the
pulse:

¢ = 2 tan "~

The phase of the RF pulse:

-iB,
ej:4£ ., j




Inversion SLR

The waveform of the radiofrequency
complex envelope:




SLR Algorithm

B () ~m— M(x,t)
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RF Pulse Design

f1 Ideal slice profile
X

V2 Ideal B, profile
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RF pulse design

1.PM FIR digital filter #l & 1B,
--PM: Parks-McClellan algorithm
--FIR: finite impulse response

trade off

transition width {

E : the stopband edge




RF pulse design

Tradeoff between ripples and transition
width:

--- 0.2% ripple

- 5% ripple

SLR pulse Slice profile




RF pulse design
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RF pulse design

Different design pulses

--minimum phase pulse(when phase is not
important)

--maximum phase pulse (saturation, inversion)
--linear phase pulse(spin echo pulse)
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RF pulse design

B, A% & ¢, 6, B,
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RF pulse design
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Application

Ultra-short TE images

--for minimum-phase SLR pulses, the
iIsodelay is much shorter
=>»shorter slice rephasing lobes
=>reduced minimum TE
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Application

3D UTE ankle image
--improves the contrast of the tendons

--TR=100 msec, TE=80 usec

Peder E. Z Larson et al MRM 2006




Fat Suppression?
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Application

Mercedes SLR Stirling Moss
--3500F - "%
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Conclusion

SLR transform is suitable for all angle
excitations, including the 180"

--Bloch equation: 6 < 1 rad
--k-space for RF design: 6 <90 °

You can generate what you want
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