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NMR Relaxation
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NMR Laborsystem

B,-Feld senkrecht zu B, mit o, I§1(t) = B, Cos w,t i — B, sin w,t ]
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NMR Rotierendes Koordinatensystem
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Precession of magnetisation (a) in the laboratory frame under the influence of longitudinal field B,, and transverse field B,
(b) in the rotating frame under the influence of field B, and (c) in the rotating frame when B =w/y.



Blochsche Gleichungen
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NMR Relaxation

-

Freier Induktionsabfall

-
[

Absorptionssignal Dispersionssignal




NMR-Pulse
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Figure 2. The effect of a pulse upon the moclear spins. The average
nuclear spin magnetization is represented by the heavy arrow.



Relaxation: 90°-Puls
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,composite Pulses*
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Wartezeit: mindestens 5xT,




T,-Relaxation (90°-t-90°)
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T,-Relaxation (180°-t-90°)

M, =M_(1-2etT)



T,-Relaxation
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T,-Relaxation

T1 Weighted Image

white matter

grey matter

SPGR, TR=l141ms, TE=5ms, flip=20°




T,-Relaxation




T,-Relaxation

Zwel Faktoren tragen zum Zerfall der transversalen
Magnetisierung bei:

1) Molekulare Wechselwirkungen (reiner T, Effekt)

2) Anderung in B, (inhomogener T, Effekt)

1/T,* = 1/T, + 1/ T inhomo



T,-Relaxation
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T,-Relaxation

T2 Weighted Image

grey matter

white matter

mE, TE=4000ms, TE=100ms
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Inversion-Recovery 180°-t-90°
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Inversion Recovery 180°-t-90°
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Inversion-Recovery-Methode
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Inversion Recovery 180°-t-90°
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NMR T, und Refokussierung
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NMR T, und Refokussierung
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T, und Refokussierung

(n/2), (m)y JL M.exp(-2t/T,)
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Hahnsches Spin-Echo
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Linearer Gradient
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Linearer Gradient

Linearer

Abstand zwischen

Gradientenpuls | | Gradientenpulsen
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M, (27) = M, exp(—27/T,)exp|- Dy?g252 (A +2513)]
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Gradientenpuls

M, (6) = M, exp(—ZT/Tz)exp[— DyzggézA]

Steigung:

—Dy*gsA

Selbstdiffusionskoeffizient D




Carr-Purcell-Meiboom-Gill Sequenz
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M, (2n7) = M, exp2nz/T,) expl(-Dy?g2 13)(257)]



Relaxationsmechanismen

Spin-Gitter-Relaxationszeit T,

Spin-Spin-Relaxationszeit T,




Relaxationsmechanismen
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Spektraldichte

Spektraldichte:  J(w) = J‘ K(r)e'"dz

Korrelationsfunktion: K. (z) =Y, (t)Y,"(t+7), i=0.12

Y, =r~>(1-3cos* 9)
Y, =r*sindcosde"
Y, =r°sin*ge*"



Spektraldichte
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J(@)= [K()e""dr = [K;(0)e" "™ e dz




Spektraldichte
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0T~L

AT >1
A/Oc

. 100 MHz

300 MHz

log(7)



Spektraldichte

Spektraldichte: J(w) = _jooK(f)e dr

Korrelationsfunktion: K. (z) =Y. (t)Y,"(t+7), i=012
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Spektraldichte

J(o) J(®@) 0T~
0T, >1

. —100 MHz

|Og((D) 300 MHz IOg(’C)



