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RF Excitation

From Levitt, Spin Dynamics, 2001
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RF Excitation

Image & caption: Nishimura, Fig. 3.2
B1 radiofrequency field tuned to
Larmor frequency and applied in
transverse (xy) plane induces
nutation (at Larmor frequency) of
magnetization vector as it tips
away from the z-axis.
 - lab frame of reference

At equilibrium, net magnetizaion
is  parallel to the main magnetic
field.  How do we tip the
magnetization away from
equilibrium?

http://www.eecs.umich.edu/%7Ednoll/BME516/
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Images & caption: Nishimura, Fig. 3.3

a) Laboratory frame behavior of M b) Rotating frame behavior of M

http://www.eecs.umich.edu/%7Ednoll/BME516/
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  B1 (t) = 2B1(t)cos ωt( )i
= B1(t) cos ωt( )i − sin ωt( )j( ) + B1(t) cos ωt( )i + sin ωt( )j( )
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 Rotating Frame Bloch Equation

dMrot

dt
=Mrot × γBeff

Beff = Brot +
ωrot

γ
;  ωrot =

0
0
−ω
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 Let  Brot = B1(t)i + B0k

Beff = Brot +
ωrot

γ

= B1(t)i + B0 −
ω
γ
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If ω =ω0

= γB0

Then Beff = B1(t)i
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Flip angle

θ = ω10

τ

∫ (s)ds

where
ω1(t) = γB1(t)
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Slice Selection
zslice

f

rect(f/W)

W=γGzΔz/(2π)

Δz

sinc(Wt)
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 Let  Brot = B1(t)i + B0 + γGzz( )k

Beff = Brot +
ωrot

γ

= B1(t)i + B0 + γGzz −
ω
γ

 

 
 

 

 
 k

If ω =ω0

Beff = B1(t)i + γGzz( )k



7

Thomas Liu, BE280A, UCSD, Fall 2005
Nishimura 1996

Thomas Liu, BE280A, UCSD, Fall 2005€ 

Small Tip Angle Approximation

Mr (t,z) = jM0 exp(− jω(z)t) exp(
0

t
∫ jω(z)s)ω1(s)ds

For symmetric pulse of length τ

Mr (τ,z) = jM0 exp(− jω(z)τ /2) exp(
−τ / 2

τ / 2
∫ j2πf (z)s)ω1(s+ τ /2)ds

            = jM0 exp(− jω(z)τ /2)F ω1(t + τ /2){ } f =− f (z )=− γ
2π

Gz z
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