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• Generalities













• Zeeman interaction









Populations of levels

Nm+1/ Nm = exp (-ΔE/kBT)

kBT ~ 10-21 j

hνNMR ~ 6.6 x 10-34 j.s x 106 s-1 =       

6.10-28 j

hνOPT. ~ 6.6 x 10-34 j.s x1015 s-1 =        

6.10-19 j

ΔENMR << kBT         

ΔEOPT. >> kBT



Distribution of the spins ½ assuming that we have 

two millions of spins. Of course generally there are 

more numerous



Normal polarization

Hyperpolarization





Precession of the magnetic moment around the 

magnetic field B0



Laboratory frame and rotating frame



Orientation and precession of nuclear spins (I = 1/2) at thermal equilibrium in

a stationary magnetic field Bo that defines the z-axis. In reality, the angle

between the vectors and the z-axis is much smaller than is shown for

illustrative purposes

Spins 1/2



During the NMR experiment we use B0 and B1



Laboratory and rotating frames



• Spectrometer



Electro- magnet up to 100 MhZ for protons (2.34 T)



Superconducting magnet
now up to about  23 teslas



• NMR experiment







Pulsed NMR
A high power radiofrequency field B1 is applied to the sample for a short time (about 

microsecond). During this pulse the magnetization rotates in the rotating frame according 

to the equation 

ω1 = γ B1

at a rate proportional to the RF intensity

θ = ω1 tp = γ B1 tp







Pulses /2 and 







Free induction decay (FID) and Fourier transform


