Lecture 13: Field gradients



Homogeneous field

A A A A A A A AD




Pulsed field gradients (G»)
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Gradients dephase transverse magnetization
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Gradients dephase transverse magnetization
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Gradients dephase transverse magnetization
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Gradients dephase transverse magnetization
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Gradient-induced dependence of phase
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ABg/Az = Q(2)=Q—~G,=
—7y — —yCos(Q't) + 7z sin(Q't)




Gradient-induced dependence of phase

G, = ABg/Az = Q(2)=Q—~G.=
7y cos(Qt) 4 7 sin(Q2't)
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Performing phase correction and including relaxation:
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Pulsed field gradients (Gy)
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Gradient echoes
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Gradient-enhanced HSQC
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Gradient-enhanced HSQC
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Use of gradients

e Cleaning, filtering, selection
similar use as phase cycling

e Translational diffusion measurement

e Imaging



GRADIENTS
AND MAGNETIC RESONANCE IMAGING

Lars G. Hanson
Copenhagen University Hospital Hvidovre

http://eprints.drcmr.dk/37/1/MRI English a4.pdf



Slice selection by G-
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Slice selection by G-

slice select

Selective pulse: amplitude modulation



Slice selection
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Slice selection
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Axial slice selection by G-

1
vG oz = S2 . (M4 ) = K<e—th> N(2) r<ei(0)t>
Gz £+ S <M__> — K<e_R2t> N(Z) \<ei(Q—7G2z)t>J

-~

O




Magnetization
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th gradient G,

1ICE WI

Magnetization in the sl
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Magnetization in the sl
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th gradient G,
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Magnetization in the sl



Magnetization in the slice with gradient G,

read



th gradient G
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Magnetization in the sl
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th gradient G
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Magnetization in the sl
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Magnetization in the slice with gradient G,
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Combination of gradients G, and Gy,
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Combination of gradients G, and Gy,

\ o\

\

KA
o g

2 72+t XX x
VAR A S B S SR N
A 7ttt x X x
PR A S S S S N
A O

AT WY

Voyox

\

¥V N
U T W
U T W

U T

“ K A ¥
o gy

”
VARV |
2 72+t X
PRV R B B SR S N
PRV B S N
PRV A S B S SN
PR I S S S AN
PR T S B SR W N
2 72+t XX x
P AR S B S S N
VAR A S S S S N
P AR S S SR S N
ot X x

AT WY

\

\

U I

V

“ K Yy
“ ¥ 4
‘A

¥

U I
I T W

VN N

\

\

V

v

© oy

VN

\

v

v
N

U T

U

N ™M

\

S S

\

o A

“ ¥ o

I T

\

Vo e

\

U T
U T W
I T N

S S
U T S

A ”
ooy oy VAR |
2 72+t X
2 72+t XX x
PRV I S S L AN
PRV B S SN
P AR B B S AN
PN I S S S G N

\

\

v

“ow A
X I T
I T W

VR T

¥

\

\

v

A

“ ¥ 4

v

v

\

U



Combination of gradients G, and Gy,
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Regular patterns enhance signal
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Regular patterns enhance signal

Cartilage




Unique shape as superposition of patterns
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Image reconstruction

e resembles diffraction methods (crystallography)

e Wavelength of the phase patterns generated by gradients

e Wavelength of the radio waves is irrelevant
(but starts to interfere at high field,
where it approaches the body dimensions)

e (2 assumed to be identical
differences must be corrected to avoid artifacts
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k space
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See Figure 15 in

http://eprints.drcmr.dk/37/1/MRI English a4.pdf









1D imaging in the slice

read



Frequency encoding gradient

(M) (kg) = / Kel$ ittt \r()e hetgy

/Keth RQt/\/(m)e_'kf’dex

Signal (M4 )(kz) is Fourier transform of spin density N (x)
= Spin density N'(x) can be reconstructed
by Fourier transformation of the signal (M) (kx)



Frequency encoding gradients

(M) (ke) ~ K’ / N (z)e FeTdy
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Better resolution than slice thickness



1D imaging in the slice

read



2D imaging in the slice
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2D frequency encoding possible



Two frequency encoding gradients
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Frequency and phase encoding gradients
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MRI spin echo experiment
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Phase encoding typical in MRI



MRI spin echo experiment
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MRI spin echo experiment
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read

Phase encoding in y



Frequency and phase encoding gradients
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MRI spin echo experiment

Gy | encode

read

Pre-phase gradient in z (—z — x)



Frequency and phase encoding gradients

(M) (aky) ~ K[
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Axial slice selection by G




Sagittal slice selection by G




Coronal slice selection by G,




3D gradient echo imaging
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High resolution in all dimensions
More time consuming




3D gradient echo imaging
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Short (~ 10°) pulse to save time
= several measurements before return to equilibrium



Two phase encoding gradients

(MR ~ K / N(Fe Frgy

<A[+>(k$7kyvkz)

X

o O O
K’/ / /N(ac,y,z)e_i(kxm_l_kyy_'_kzz)dxdydz

—O00 &0 —O&O

G
N.Af
Akx/\k Ak oz | Jy-ny | Jz Nz
N(CE,y,Z) — 7 YYY M_|_ lﬂ-( Ny Ny NZ)

Ng Ny Nz



Contrast and weighting
Contrast is more important than intensity

¢
vﬁ- ’yhBO o Ny -~ ~
<M_|_>(ka;) — QGIQtQkBTe RQtN(CE)e |fnytaj
h o, ~hB _?
(M4 ) (kz) = ée'Qt;k ;(1 _ e_RlTR>e_R2tN($)e—I”yGa;tCL‘
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If nhot started from thermodynamic equilibrium

—
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<M+>(E) X / (1 — e_RlTR) e 21E \f(7) e FTdV
V
e /7 weighting: difference in Ry = 1/74, short Tr and Tg

e /5 weighting: difference in Ry, = 1/7%, long Tk and Tg
e spin density weighting: difference in N, long Tk, short Tg




