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Introduction: NMR spectroscopy

When placed in a magnetic field, NMR active nuclei (such as 1H 
or 13C) absorb electromagnetic radiation at a frequency 
characteristic of the isotope. The resonant frequency, energy of 
the absorption, and the intensity of the signal are proportional 
to the strength of the magnetic field.



NMR relaxations: T1 & T2

In general, signals deteriorate with time, becoming weaker and broader.
Relaxation is the conversion of this non-equilibrium population to a normal population.
In other words, relaxation describes how quickly spins "forget" the direction in which they are oriented.

T1 (spin-lattice relaxation time)

T2 (spin-spin relaxation time)

Relaxation time corresponding to longitudinal(z) component of magnetization.

Relaxation time corresponding to transverse(x,y) component of magnetization.
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NMR relaxations: T1 & T2

In case of liquid NMR the relaxation time contains information about the 
system surrounding the spin, and can provide a feasible probe to liquid sample.

T2- weighted image of brain tumor, 
showing the tumor region having 
intrinsically long T2 as bright part.

N. Bloenbergen, E. M. Purcell, R. V. Pound, Phys. Rev. 73, 679 (1948)

𝜏𝑐 : correlation time of the molecular tumbling motion
𝜔0: Larmor frequency



Bloch equations & solution

The equation of motion for magnetic dipole in the magnetic field : 𝑑𝑀
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Incorporating the decay terms : 

If 𝐻 = 𝐻0  𝑧 (𝜔0 = 𝛾𝑁𝐻0): 
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Bloch equations & solution

Let the rotating wave H_1 : 

It is better to solve the equation in new coordinate system
(rotating along z-axis):

 𝐻1 = 𝐻1(  𝑖cos𝜔𝑡 −  𝑗sin𝜔𝑡
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Bloch equations & solution

The solution of the equation: 𝑢 = 𝑀0
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Inhomogeneous broadening: T2*



Removing the effect of inhomogeneous broadening: spin-echo experiment
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Photon echo – the optical ver. of spin echo

N. A. Kurnit, I. D. Abella, S. R. Hartmann, Phys. Rev. Lett. 13, 567 (1964)


