
Schematic arrangement for 

magnetic resonance experiments:  

Magnetic resonance (2) 

Energy level splitting of a 

nucleus of spin 1/2 in a 

static magnetic field B0.  

Magnetic moment of a nucleus 

The energy of interaction with the applied 

magnetic field is  

For I=1/2 the magnetic resonance frequency 

For proton 

where the constant  depends 

on the magnetic moment 





Equations of motion for magnetic moment 

or for its magnetic moment 

The time evolution of a spin vector I is given by 

The evolution of a total magnetization in external field 

In thermal equilibrium the population of 

two energy levels is given by the ratio: 

and the total magnetization is given by 

When magnetization is not in equilibrium, it approaches equilibrium 

at a rate proportional to the departure from the equilibrium value M0:  

This linear differential equation 

can be solved easily and gives 

T1 is called the longitudinal relaxation time 

or the spin-lattice relaxation time.  



Longitudinal magnetization relaxation  



Longitudinal magnetization relaxation (experiment)  



Motional Narrowing of NMR line 

Effect of diffusion of nuclei on the Li7 NMR 

line width in metallic lithium. At low 

temperatures the width agrees with the 

theoretical value for a rigid lattice. As the 

temperature increases the diffusion rate 

increases and the line width decreases. The 

abrupt decrease in line width above T = 230 К 

occurs when the diffusion hopping time 

becomes shorter than 1/B. The experiment 

gives a direct measure of the hopping time 

for an atom to change lattice sites. 

The effective magnetic field due to 

magnetic dipole-dipole interaction is 

It effectively averages to almost zero when the atoms move fast enough.  



The Bloch equations  
for magnetic moment evolution with time  

The transverse spin relaxation does not need energy change, => often T2<<T1 

Solving the Bloch equations we find the 

resonance power absorption in NMR 

experiments with resonance frequency 0 

determined by Zeeman energy splitting in B0:  

The resonance half-width 

Proton 

resonance 

absorption 

in water.  


