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then  2B1  � 180�RF
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✏ �∝  B1  only when

⇒   frequency of B1 is close to ωo

✏ off-resonance

⇒   nonlinear between � and  B1

✏ �<180�
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Bloch equation



Bloch Equation
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What we want
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what we need



What we want ...
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What we need...
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Soft & Hard Pulse

Hard pulse

(nonselective pulse)

Soft pulse

(selective pulse)

t ω
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R =
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�: frequency offset

θθθθ  = 2sin -1
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Hard-pulse approximation
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✏ Hard-pulse sequence design

✏ -./0 RF 1234



Shinnar-Le Roux  (SLR)

Bloch equation
t

SLR
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Bloch eq. ���...

= (B1,x , B1,y , Gx )
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Z = eiγGx∆t

An(z) =

Bn(z) =
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✏ An(z), Bn(z)

✏ An-1(z), Bn-1(z) ,…, A1(z), B1(z)

✏ B1(t)

B1(t)  ⇔⇔⇔⇔  ( An(z), Bn(z) )
SLR
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✏ 5… An(z), Bn(z)  67899

✏ Bn(z) -- :; slice profile

!FIR digital filter

!Parks-McCellan (PM)  algorithm

!ripple, transition bandwidth, pulse

length, slice width, RF power



Bn(z) to An(z)

✏ |An(z)|2 + |Bn(z)|2 =1

✏ An(z)

!linear phase

!minimum phase

!maximum phase
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✏ RF <=>?@9

✏ Hard pulse approximation

✏ SLR algorithm
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