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NMR Laborsystem
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NMR Rotierendes Koordinatensystem

Precession of magnetisation (a) in the laboratory frame under the influence of longitudinal field B0, and transverse field B1, 
(b) in the rotating frame under the influence of field Beff and (c) in the rotating frame when B0=/.
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Blochsche Gleichungen

1

0
1

2
01

2
0

)(

)/(

)/(

T
MMBM

dt
dM

T
M

BMBM
dt

dM
T
MBM

dt
dM

z
y

z

y
yz

y

x
y

x














2T
M

dt
dM xx 

2T
M

dt
dM yy 

1

0 )(
T

MM
dt

dM zz 




NMR Relaxation

Freier Induktionsabfall

Absorptionssignal Dispersionssignal



NMR-Pulse

 =  tp =  B1 tp



Relaxation: 90°-Puls



„Composite Pulses“
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T1-Relaxation (90°--90°)

Mz = Mo ( 1 - e-t/T1 ) 



T1-Relaxation (180°--90°)

Mz = Mo ( 1 - 2e-t/T1 ) 



T1-Relaxation



T1-Relaxation



T2-Relaxation

Mxy =Mxy e-t/T2



T2-Relaxation

1/T2* = 1/T2 + 1/T2
inhomo

Zwei Faktoren tragen zum Zerfall der transversalen 
Magnetisierung bei: 

1) Molekulare Wechselwirkungen (reiner T2 Effekt)

2) Änderung in Bo (inhomogener T2 Effekt)



T2-Relaxation



T2-Relaxation



Inversion-Recovery 180°--90°



Inversion Recovery 180°--90°



Inversion-Recovery-Methode
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Inversion Recovery 180°--90°



NMR T2 und Refokussierung



NMR T2 und Refokussierung



T2 und Refokussierung
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Hahnsches Spin-Echo



Linearer Gradient
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Linearer Gradient
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Carr-Purcell-Meiboom-Gill Sequenz
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Relaxationsmechanismen

Spin-Gitter-Relaxationszeit T1

Spin-Spin-Relaxationszeit T2
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Relaxationsmechanismen
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Spektraldichte
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Spektraldichte
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Spektraldichte
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