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‘Steady state’ betingelse:
M (t+n+1) = RuM (t_n+1) =M (t+n)

B,,=0,
B M,(tea) = EM, () +A-E)M,  ; E,=exp(tT1).

M,(t*,)=z-magn rett fgr RF puls # n

M,(t)=z-magn rett etter RF puls # n

SE - sekvens
Med flip = 90 grader inntreffer ‘Steady state’ umiddelbart og M,(t*)=0

NB: endret fra kompendiet (eq. 4-1)!
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SE: T1-vekting og proton-density vekting

M, (TR) = M, [L-exp(-TR/T,)]

— TiT2itho = 1500 ms / 150 ms 1 0.8
0 === TUT2ho = 900 ms /100 ms / 0.6
==+ TUT2ltho = 300 ms / 80 ms / 0.75

10 77/ [ T1-weightea
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SI(TRTE) O M, (TR)sin@) exp(-TE/T2) = M, [L- exp(-TR/T1)|exp(-TE/T2)
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SE: T2-vekting og proton-density vekting

— TiT2iho = 1500 ms / 150 ms / 0.9

T2-weighted

Relative signal
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TE (ms)

SE

GRE sekvenser

*A flip angle a <90° is commonly used (to
maximize the signal at short TR) and the MR
signal therefore becomes a function of a.

*The condition TR>> T2 can generally not be
assumed which significantly complicates the

magnetization behaviour.

*The MR signal depends on T1, T2 and T2*

relaxation.
TR/TE= 450/14 ms, 1 Nex, 256x192 TR/TE = 5500/105 ms, 2 Nex, 512x256 matrix
matrix
Non-steady state (GRE)
Z-magnetisering M,(t")=M,(t)*cos(a) XY-magnetisering Mw(t’)=Ml(t')*sin(a)

M, (th.1) =Mg-[Mo-M, (' )cos@) ] exp(-t,../T;)

Mxy (a.u)

Mz (@.u)

Number of RF pulses

Figure -
TR<< T1(T1.= 600 ms, TR = 20 ms). Note that the lowest lip angle (20 deg) gives the.
highest steady state signal for this combination of TR/T1

M (t+n+1) = R“M (t7n+1) =M (t+n)




‘Spoiled Gradient Echo”

Stedy-state: M,(t,)=M,(t",.;)

Fraveer av ‘transverse coherence’: M, (t\,)=M, (t",,,)=0
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Figure- The evolution of M (top) and M, (botiom) under steady state condiion and
for TR >> 7250 that W(F) = My(t.)=0.
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‘Spoiled Gradient Echo’

Moy (Cr) =M (E0) 20 Mo(Ena) =EM, () + A= EDM,

|

M, (t+,)] _[ cose)  sin@) M, (t=p.)
M, (t+,.)] | -sin@ cos@)| M, (t-,.)

My(t0,2)=0

My (4] _[sin@],
{M i m)} - Los@JM «(70a)
1 (vis!)

M. =M sin@)(1-E,)

‘Spoiled Gradient Echo’ (SPGR)

M, (TE,TR,a) = M, sin@)(1-expcTR/TI)

expETE/T2%)
1-expTR/T1)cos@)

Maksimum M=maksimum signal:

% =0= cos@,) = exp(-TR/TY)

TR=20 ms

, . E,=exp(-/T1).
1-E, cos@)
‘Spoiled Gradient Echo’ (SPGR)
+Short TR (TR/T1 << 1) combined with large flip angle gives T1-weighting
+Long TR (TR/T1 =1) combined with low flip angle gives T2*-weighting
Rel S| TR=50ms
T1=100ms
T1=300ms
~
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Dobbel-ekko sekvenser
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3D-opptak: erstatte snitt-seleksjons grad med fasekoding i z-retn:

RF ﬂ
VU
o E
=
T
Gy
Tread
o —F—
T

‘3D’ (volum) opptak:

(% Y,2) =%TI_”MT (. k, yexelj (k x+ K,y + K, 2))dk, dk, dk,
Kyky k,

Snitt-tykkelse gitt ved:

2n
= T Muliggjgr tynnere snitt enn ved 2D!
;a2 selorty

&=
Total opptakstid:

T = TRIN,N, INEX

NEX = ‘Number of excitations’

2Dvs 3D

TR/TE/ST :516ms/12ms/3mm
20 snitt (2D)

SE vs GRE

TR/TE/flip/ST :20ms/1.
128 snitt (3!

5/30° /1.3 mm




