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RF Excitation

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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B, (1) = 2B, (t)cos(wt )i
=B, (t)(cos(wt)i - sin(wt)j) + Bl(t)(cos(wt)i + sin(wt)j)
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Rotating Frame Bloch Equation
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Let B,, = B/(0)i+ Bk

<]

= B(1)i+ (BO - “’)k
Y

If w=w,

=YB,
Then B, = B,(1)i
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Flip angle
0= f Ora)l(s)ds

where
w,(1) = yB,(1)

- —

— > >

-

Nonselective

Thomas Liu, BE280A, UCSD, Fall 2007

tt T Before
f s Excitation
¢ttt
¢ttt
After
> - » | Excitaton
¢ tt
Selective
Nishimura 1996

Nishimura 1996
M M
L z
___¢° ‘:l__l:.
z z
M q M
xy |y
Az e—
UV, S—————
z z
Before excitation After excitation

Thomas Liu, BE280A, UCSD, Fall 2007

Nishimura 1996

Slice Selection
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Let B, =B (t)i+ (B, + G z)k

= B,(ni+ (BO +YGz- ‘”)k
y

If w=w,

B, = B/(i+(yG.z)k
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Nishimura 1996

Small Tip Angle Approximation

M M,

z

Xy

For small 6
M, =M cos6 =M,
M, =M,sin6 =M,0
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Recall that in the rotating frame, flip angle 0=y f OTBl(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,(t)exp(jow(2)t)
Therefore the flip angle in each spin's frame of reference is

0(1,2) = v [ exp(jeo(2)s)B, (s)ds

Thomas Liu, BE280A, UCSD, Fall 2007




With respect to the on - resonance frame of reference, there is also
a relative phase shift of exp(-jw(z)?), so that

6(1,2) = yexp(=jo(2)1) [ exp(joz)s)B, (s)ds

Applying small angle approximation leads to

M,(1,2) = Mo(1,2) = My exp(=jo (1) [ exp(je(2)9)B,(s)ds
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Small Tip Angle Approximation

M, (1,2) = jM, exp(-jox@)1) [ exp(jo()s)o,(s)ds

For symmetric pulse of length T
M, (7.2) = jMyexp(-jo)t/2) [ exp(i2af ()s),(s + T/2)ds
= jM,exp(-jo(2)T/2)F{w,(t + T/2)}._ fem-Loz
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Small Tip Angle Example

B(1) =Blrect(l_r/2)
T

M,(t.2) = jM, exp(—jw(z)‘[)frexp(jw(z)s)cu‘rect( il /z)ds
0 T

= jM,exp(-jo(z)T/2)F,, (w]recz(l))
T

f=-(y127)6.z

= jM, eXP(—jw(z)‘L'/Z)a)l‘tsinc(f-[)

= jM, exp(—jw(z)r/Z)wlrsinE( YS’T z)
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Refocusing

M, (3t/2,2) = exp(jo(z)T/2)M, (T,2)
= iMyexp(jo(2)T/2)exp(-jo(z)T/2)F{w, (1 + T/Z)H,?LG,Z
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Slice Selection

RF
L Slice select gradient
G,
¥~ Slice refocusing gradient
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Gradient Echo

RF
Slice select gradient
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Small Tip Angle Example

05+ 0.46cos(2’“))
T

B(t+7/2) = Asinc(t/7)

= Asinc(t/T)w(t)
F(B,(t +1/2)) = AT rect(fr) =W (f)

= At rect( YGZZT) * W(— —VGZZ)
27 21
. .. 21
Width of the rect function is Az =
JGL‘L—

Thomas Liu, BE280A, UCSD, Fall 2007

Slice Selection

slice z

Az

>

m
/\/\/\\ /’\/\w ’

rect(ft)
D .
sinc(t/t)
ar=l_1GAZ
T 21

Thomas Liu, BE280A, UCSD, Fall 2007




—

Nishimura 1996

Thomas Liu, BE280A

Example
Az =5 mm;t =400 usec; 0 =m/2

z

Bz)/foTBlsinc(

1

G = =
yAzt  (4257Hz/G)(0.5¢m)(400¢ - 6)

B =— =
vyt 2m(4257Hz/G)(400e - 6)

2 ! =1.175 G/em

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

o 2 -0.1468 G

Thomas Liu, BE280A, UCSD, Fall 2007

Thomas Liu, BE280A, UCSD, Fall 2007

Excitation k-space
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Pauly et al 1989
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Excitation k-space

Panych MRM 1999
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