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RF Excitation

Net magnetic
B moment
A B Net moment 7
/\ VS
™ Rl o Nz 4w &
i o <o | \§V °
[ A > | W
R b T o , GRS
! ) Thermal VAN
A - k\\ equilibrium * “*:' :u 14

Thomas Liu, BE280A, UCSD, Fall 2008 From Levitt, Spin Dynamics, 2001

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

B, 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

Image & caption: Nishimura, Fig. 3.2
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RF Excitation
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a) Laboratory frame behavior of M b) Rotating frame behavior of M

Images & caption: Nishimura, Fig. 3.3
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B, (1) =2B,(1)cos(wr)i
= Bl(t)(cos(wz)i - sin(a)t)j) + Bl(t)(cos(wt)i + sin(wz)j)
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Rotating Frame Bloch Equation

M,
7’ = Mmt X yBeﬁ”
0
Beff =Br01 + );0/ ’ wrm = O
-
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Let B,, =B/()i+ Bk

Beﬂ = Bmt + wrm
=B(ni+ (BO -“’)k
14
If w=w,

=B,
Then B, = B, ()i
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Flip angle
0= fow, (s)ds

where
(1) =yB, (1)
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After excitation
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Slice Selection
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Let B,, = B(1)i+ (B, +yG.z)k

wi‘(?l
Beff = Bmt +
=B(ni+ (BO +YG.z- ‘”)k
Y
If w=w,

B, =B(ni+(yG.2)k
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Small Tip Angle Approximation

M M,
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For small 0
M_=M,cos0 =M,
M, =M;sinf =My
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Recall that in the rotating frame, flip angle 6 =y f( :Bl(s)ds

Define w(z) as the Larmor Frequency at each location z referenced to w,

The effective field felt in each spin's rotating frame of reference is:
B (1) = B (1)exp(jo(2)1)
Therefore the flip angle in each spin's frame of reference is

0t =7, jexp( jw(z2)s)B,(s)ds
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With respect to the on - resonance frame of reference, there is also
a relative phase shift of exp(-jw(z)t), so that

0(1,2) = yexp(- jo(2)1) [ exp(jo(2)s)B,(s)ds

Applying small angle approximation leads to

M, (,2) = (M, 0(2,2) = M,y exp(= jox2)0) [ exp(jer(2))B, (s)ds
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Small Tip Angle Approximation

M, (t,2) = jM, exp(—jw(z)t)f;exp(jw(z)s)wl(s)ds

For symmetric pulse of length T
M, (7,2) = jM, exp(= jox(z)T/2) [ _i/;exp(ﬂrg‘(z)s)wl(s +7/2)ds
= jM,exp(-jo(2)t/2)F{w (t + T/2)},. ferLo
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Small Tip Angle Example

t—'r/2)
T

B(1)= B,rect(

M, (1.2) = jM, exp(—jw(z)r)frexp(jw(z)s)w,rect(S - 1:/2)12’5
0 T

= jM, exp(—jw(z)-r/Z)En(wlrect(L))
T

[f==(y/27)G,z
= jMyexp(-jo(2)t/2)wTsinc(fr)

= jM, exp(—jw(z)‘r/2)(1),‘rsinc( yf;r z)
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Refocusing

M, (37/2,2) = exp(jo(2)T/2)M, (7,2)
= jMexp(jo2)T/2)exp(-jo@)/I2)Flo @+ T/}

=M F{o(t+ 1/2)}‘f=,ic,7
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Slice Selection

RF

Gradient Echo
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Slice select gradient
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Small Tip Angle Example

B,(t+71/2) = Asin c(t/r)(O.S + 0.46cos(zm))
T

= Asinc(t/T)w(r)
F(B/(t+1/2)) = At rect(fr)*W(f)

=At rect(inzzr) =W A
2 2

Width of the rect function is Az =
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Slice Selection
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Example
Az =5 mm;t =400 usec; 6 = /2

27 1

G = -
° yAzT  (4257Hz/G)(0.5cm)(400e - 6)

-T/2

t9zyf0TB1 sinc(s

.0 _ 72
'yt 27(4257Hz/G)(400e - 6)
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=1.175 G/cm

)ds =~ yB, - (area of sinc) = yBT

=0.1468 G
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Excitation k-space
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Pauly et al 1989




Excitation k-space

Panych MRM 1999
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