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Nuclear spins precess
around static magnetic field

Oscillatory perpendicular
field→ nutation

Perpendicular spin
component induces
measurable current

Figwe 5. P i a  of the lag of difference in first and seoond pulse amplitudes 
as a function of time for two minures of glycerine and water. 

Fbwe 6. Plot of me recipmcai at me viscosity of minlres of giymine and water 
versus me T, of the mixtures. 

curves can be determined for samples of known water content 
to produce a calibration curve. This determination of the 
water contept of rice can be extrapolated to a wide variety of 
other situations where two substances have grossly different 
Tz values. I t  is rapid and completely nondestructive of the 
sample. 

The determination of TI can be accomplished in several 
fashions. In one method a 90' pulse is used to orient the spins. 
During adelay time r a portion of these spins relax along the 
z axis and some portion of M, is reestablished. A second 90' 
pulse will flip the remaining vectors out of the x'y' p l a ~ e  in a 
-2 direction; while those which have reconstituted M, are 
flipped back along y' where they produce a second signal. The 
amplitudes of the fmt (An) and second (A,) signals are related 
to the delay time by 

0.434 log (Ao - A,) = log Ao - -7 TI 
A plot of log (Ao -A. versus r for two mixturesof glycerine- 
water is given in Figure 5. The values of T I  for mobile liquids 
vary inversely with the viscosity of the medium. The variation 
is shown in Fieure 6 for variousglycerine-water mixtures. Once 
calihrated, the values of TI fo;&ch mixtures can be used to  
assay the water content. The extension to other liquid systems 
is obvious. Less obvious is the application to absorbed liquids 
on solid surfaces. Plots to determine TI for such systems often 
are curved showing shortened TI'S for the bound liquid and 
longer TI values for free liquid trapped in cavities or capil- 
laries. Applications to water bound to starch, alumina, oil in 
oil shale, etc., are other analytical possibilities from these 
curves. 

Figwe 7. Plot showing the eflect of the concernation of ferric ions on the T, 
VBIUBS Of water. 

Figure 8. The equilibrium magnetic m e n 1  is given a 90' pulse (a) which places 
me m m e m  along y where the vedorr fan out due to field inhomogeneities (bl. 
When given a 160° pulse me vectors are filpped (c) and meir trajectwies close 
up (d). when back in phase at (e)W echo signal is produced which then decays 
(I). The 180' pulse (c) is given at r, and the echo (e) appears at 2 7. 

As mentioned oreviouslv. oaramaenetic immrities may 
greatly affect TI. kccordinit; theorythere should be an ii- 
verse relationshin between TI  and the concentration of 
paramagnetic ions. Such is the case as shown in Figure 7 for 
solutions of ferric chloride. As may be imsnined, these changes 
in T I  may be used to analyze sofutions of such ions. 

Analytical applications of T2 have also been developed. The 
determination of Tz is usually done by one of several "spin 
echo" experiments, a simple form of which is as follows: as in 
the preceding method a 90" pulse is applied to the sample 
placing Mo along the y' axis. Due to the magnetic field inho- 
mogeneities the components of M now fan out in the x'y' 
plane (Fig. 8). After a delay time r ,  a 180° pulse, is adminis- 
tered turnine the vectors comoletelv about. Since the vectors - . - 
continue to move in the same direction as before the 180' 
nulse. thev will now be movine back into ohase and will arrive 
back together along -y'at time 2r. A pulse of negative a m -  
nlitude (the echo) is formed thoueh most detectors are not 
phase sensitive and show the echoas positive. From the time 
of the initial pulse until the appearance of the echo a t  2 T the 
T2 relaxation processes are going on also. These vectors are 
lost from the echo whose amplitude decreases with increasing 
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