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NMR Proton/Deuteron-Resonanz



NMR-Protonenspektren



Quadrupolkerne und Relaxation
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Zweidimensionale-NMR
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Mehrdimensionale NMR
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Magnetic Resonance Imaging (MRI) 
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Paul Lauterbur
Born 1929
University of Illinois, Urbana, USA 

Paul Lauterbur discovered that two-dimensional images could be produced by introduction
of gradients in the magnetic field. In 1973, he described how addition of gradient magnets
to the main magnet made it possible to visualize a cross section of tubes with ordinary water
surrounded by heavy water. 
No other imaging method can differentiate
between ordinary and heavy water.
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Peter Mansfield
Born 1933
University of Nottingham,
England

Peter Mansfield discovered that use of gradients in the magnetic field gave signals that
rapidly and effectively could be analysed and transformed to an image. This was an 
essential step in order to obtain MR images. Mansfield also showed how extremely rapid 
imaging could be achieved by very fast gradient variations (socalled echo-planar scanning). 
This approach became possible in clinical practice a decade later. 



Magnetisches Moment

e   =  Protonenladung
M =  Protonenmasse
R  =  Kernradius 

Rotation von Ladungen erzeugt ein magnetisches Moment.
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Magnetisches Moment = Strom × Kreisfläche



Magnetisches Moment
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Daraus folgt:



Magnetisches Moment
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Probe im magnetischen Feld
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Probe im magnetischen Feld
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Besetzungzahlverhältnis
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Übergänge ohne B1-Feld
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Übergänge ohne B1-Feld
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Übergänge ohne B1-Feld
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Relaxation
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Übergänge mit B1-Feld
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Übergänge mit B1-Feld
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Übergänge mit B1-Feld
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B1-Feld entzogene Energie:



Makroskopische Magnetisierung
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Boltzmann-Statistik:

Magnetisierung in Z-Richtung:
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Entwicklung der e-Funktion:



Makroskopische Magnetisierung
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Makroskopische Magnetisierung
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Curiesches Gesetz:

Kernsuszeptibilität


