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Figure 3. Schematic illustration of several coil array
described in this text. Only the major geometrical features
of each coil array are depicted, and the element numbers and
coil dimensions may not exactly match those of the cited
references. (a) Linear arrays of loop coils; (b) 2 x 2 grid of
loop cails. (c) “Wrap-around’ arrangement of eight loop cails.
(d) Quadrature pair of butterfly and loop coils (20). (e)
‘Saddle-train’ coil (45); red and purple elements are simple
loops, green element is a single butterfly, and blue element is
a double-twisted saddle train coil. (f) ‘Concentric’ coil array
(49,50); the red coil is a simple loop, green and purple
elements are two-lobed butterfly coils in perpendicular
orientations, the blue coil is a four-lobed cloverleaf element.
(g) ‘Diagonal’ coil array (51); blue and green coils are top
logically simple loops in diagonal orientations; red and purple
elements are crossed saddle elements, also in diagonal
orientations. (h) Triangular coil array (53,111), with eight
right-triangular elements. (i) Spiral birdcage coil (16,55). (j)
TEM-resonator arrays. (k) Degenerate-mode birdcage coil
(66). Red conductor is used to simultaneously resonate the
uniform and gradient modes. (I) Birdcage coil designed to
produce spatial harmonic sensitivities (15) (details of con-
ductors not shown).
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Figure 20-9. A-D: Because TR is short, a fraction of transverse magnetization remains at the end of the cycle,
vhich eventually reaches a steady state, M_. This steady-state component is affected by the next RF pulse.




o,bg 9 LT Ludb o,Lg0 00 (5,950, dms ax,0 Yo Ll agly b oo eols RF Ll sl o sl oyl
SleSs iblae Yo ojlail a5 sy (o I SO A o o iy T LWL dix 5l am g WT LWL

o) 0dumy Jols > o @8ly o s aisS o Steady State el ol 4 ool

o
m
=
=
o
i
———
=y
i
e )
—

TR

I (T‘I recovery

.
= L
Time

———— Equilibrium

&l\l\l\l\l\h

FIGURE I4-6. Longitudinal magnetization (M,) and transverse magnetization (M.,) after a
series of RF pulses causing (a) 30° and (b) 60° flip angle.

FLASH-Fat oulb aslas o,> Jb oee j0 9 <ol T1 ozl low signal clube pgas o 51

YR T1 FLASH-Fat Sat ,sus 339 L Oy Sles Sat
Oy ol Glea L Z Lol S sl o Jlesl az 0 WIRF Ll 1681 (Lol,5 (6,185 g8 panlSo
Sgels g pg, X pbol S e 5 058 (o0 plxil S G ISASTY LolS L wogd (o hgels g (pd,

oS 28l 1, Echo b ogs oo




b oo 2yx B> sla ol 5 S o2 Out of Phase ¢ In phase

Syge o pel 428l SE 5 GE g FSE (sl (uilSs (5515905 o (et (6] anlin ol S
P i o Calr asa o Gl op)l5 g cnl w3 o oo oloy 4l SO h g STl

Al 50 0,10 g gl gl 4 5l & glesezr s IMRI ()35:8 50 05T (oS

w29, 0 Sol> By (Anphase) aiil o jlean OF Sy 5 oz oy laml )5 65T (Lol S Luilse o
o B 7 5 95 oo pll Sl il LS 3 S e e JsSUse L T lo JoSUse 052

5 wgh o Out of Phase 5 6,5 o )8 o e cyz j0 (TE) by @ow 5l o g 05>

) e0ye Coomd g pupd (o a0 W b e FLASH o oS o 5 1) 500 S

(Gl ambo (ol ;0 Caond pl slo Jgo0,8 9 pguad) .oil Phase

oo Jga 8 59 ggome 5l 5 0,5 3,85 [)LSG 5 ez JLSG ) 0ol o)Ll lo Jgo 3 gmus pb 4 (59,8
Soge 4 Ol (o0 9 59 el Css @y Sl am el e S 4 2z B g b ol oy 5l 5 O
Pl Ol ez 09mSe0 5 0,05 052 ol (5 (nlply 50,5 Boyi g gox | prga 90 (cwdige
DigS oo Ko (5SS gy oyl 4 AT 0gd e oolail oS g Breast o jolas oyl

IP=W+F

OP=W-F

o 95 353 (oo S gz |, il L, 5

ST 0PN 39d (o0 0 (32585 5]




R 50 @ S8y g e WIS 0 15 1) Soden o5z 9 o JuSews oUt Of phase gl o
@ adS L aS oo e all ool 00ilS gl a e So e B,1 a0 e b (0,5 b oSS SIS (spae
29l (ol 48 g il pgal oe Out of Phase alis cudle pl il siils anyw 9 5,0 &g
Coomd 9 09 oo BA> Out of Phase cll> o oz g ol (o S e 50 9 ol ods Bl oy
DigS (o (G Aoy Cedle )] 4 aS el 00l Bax aS Cewl Ol 5 oyx e S e e obw sl
gz o (SerdS 8 15 il oo olatel G40 98 18 1) G 4npw 5l 5+ I phase jglas o
lo il (5 oo ) (So bl 4l Gy oS e 510l (o JUyol 00é logivw S giol auseis

5L o Out of Phase .l

1.1 2.2 3.3 4.4

milliseconds after RF pulse

IP=W+F

OP=W-F

Pl 9o 09 (0 05 oz 1, ST LSy ST




S eSS D9 oo 0 Gy a5 S

In-phase S Out-of-phase

W 0y Coomd 15 o5 e (o poyw o | RF slo b el oS TR, Steady State o
Jol <l 4y g 955 TECOVETY LalS ls 5 a5 aus (oo 05l Sals Lo aly ;5 aw) (oo (ol Lo

4 52,8 Ceamd o2y Sy RE (gl 3150 5 aile (o0 (Bl p008 sl Cannd 00,5 1 (509>

45 i, o ol o3l S a4y il Tecovery cll> las g coli Sl Gles a5 a, oo i b
2, Caomd 51 51 555 TECOVET oS dalys o o ,s RF L Ko g oS akad |, TR 5
2 0gh oo Flash o8 Gis 1) cad )] peplyse 51090 o Coherent GE oS ool
2o 9 o2 aS Cal sl S S aS el T2 g9, »p T b pgas el s’ Coherent GE

a3 (oo (i JUiSw pola ]y g0 5 5 098 (0 00 95 g

Time « S Tl ) oo TE & s o2 ol &5 ¢l T1 ga5 59 T1 Flash o Jg
out of a5 aul > o 51545 o T1 flash in phase «wb in phase , TE 51 (s,ls echo
L g cwlinphase b ol a5 T1 _x 044 o T1 flash out of phase oo 1 ol phase,

.l out of phase




PR

(oMl 5Ll ) GS 5 oo eols ax o 0, RF b O oy oo SIS0 0 a5 j5b len

RF

Gz

Gx

Echo

=

TR

v
M\

..-..nn m nﬂ'n.
V

oS il | b JLKw vlgs o aS Sbol 3 il eibal 5 L (Gradient readout) GR

< out of phase « .l sl J1 o sitn 5B oo Jol 050 oo Jlosl (ugSae gz ;0 Lol S

@2 QLS S (o0 503 95T G o)led 5 Wsd (0 51 2 0)bed 5 S sl (o0 5T e g g

Sy 4l sl 4 Lo adll USE &y azgil el oy oo ye Ceand B Lidas g o Jles] aS

15 s oo Jloel T gz B SLolF 4 )lg iy S g0 <3 551 3 S o ]

S (o 5 05 (o SPOIL T b l bl ol 4y gl 51 S 0)lg0 5 oS B3> 1,




bgo) .pgo TEL g Jo! TE L (S sl oos Jlas! (4bol,5 b 4o out of phase , in phase ,s

(s, TE

RF
L
GP —
GR — -
ech
SIFII G — & Rl
s fat at
e
water fat  water waler

Fig. 49.1 Oppoced- and in-phase imaging, pulse diagram and corresponding scans.

In-phase Opposed phase

GE 96 66 96 |

0

\ g_jl

0 2.4 4B 7.2 96 TE




@ ols ded o)lgd 4T Wigdh o Jlos! Lds e slo Caond oS o B Lol S B aw GR, GP, GS
CS o 68 JLKw )0 0,8 Cond Wled o g WS w5 |y Lo e Cond ) Lo YU Ces
Jie ol asls calizes ol lo olfiws o sl (\San (uios) ,0) dingS oo Flash pl & :(aus

st Field Echo alfiws o b ol T1 FFE  aiws 0 L SPGR

o Jleel (Lol 5 s aw jo el o5 il asgl; .ol Fast Low .cwl a> 0 o0 (b :Flash o .
o Jbesl Caz 4w 0 Z,Y X slo (Lol,F bl a4 anlo Y b oS oo o561y oo,e S g 09l

‘59-“’

230 051l v i ded 30,5 o Jloel a5 slo0l osies low signal wlule oo T1-Flash o

osbii5 5o TE 4 oy 5 sz In phase ¢4 5l 0 25 (o T1-Flash o o5 la GuilSs 51

S, Lo

ol o> Dixon g oI Dixon as wg e LE e o

05.pg 12jpg 08,jpg

03y 130pg 0a1jpy 052jpg

2wl T1-flash out of phase 54 n5las 59




061 jpg 63 ,pg &, jpg

65 pg Py

in-phase ,;qlas

< g out of phase G 5 055 o S5 In phase O oS oo eoliinl Dixon oSS 5l 3

2gd oo JSas o> Dixon y o1 Dixon

Lol J.,..:LQ ST e DiXOH 309 IRWRE-R S =z u] DiXOH 5O

Magnetic Transfer ) MTC . ol o MRA , MRI 5 0,5 L3 sl colns 51 S

(Contrast




(ol 00> €NNANCE 0095 5 0,10 ol S 00le 1,55 ) « 00l Lol yigo

Hydration Layer Water
(tightly bound) Bulk Water

Figute 8-1 Hydrathon layer water.
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EPI —the fast path through k-space
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Timing of an EPI SE sequence

In ERl imaging. both gradiants for the
irplare-resalution [readaot and
phaze-enceding) are active during the
ragdout imterval. Tha rapid passage
through the k-space will ba
demonstrated.

Readout is harizortal, phase-
enceding is vertical. The 50° pulse
and the Slice selection gradient sra
switched s in 2 simpla spin acha
sequance. Later you will see, that
Fatsat i= mandatory for every EPI
protacal,

Due to the two po=itive preparation
gradierts we mowe to the wpper right
cormer of the k-space, No MR signal is
read aut pet.

The 107 pulse mwents all phase
ratations of previously switched
Eradiarts —wa ump into the lower
left cormer of the k-cpace

Thie first, wary large positive readout
gradient is switched —we mave with
high speed from left to right and read
out the first acha.

& blip”in phasa-encoding diraction
and we mova a littka bit up.

The second, very large negative
readout gradient is switched — wa
mave with high speed from dght 1o
left and read aut the =econd echa.

The rast is straightiomnwand: wa
continue ta run thraugh the k-space
until we reach the wpper leftcormer:
data comalatal

Most echoas are gradient echoas
except the center spin echa in the
center of the k-space
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Applications

Diffusion Imaging: Water mobility is measured
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GD = Diffusion Gradient
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