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The behaviour of the dynamic polarization can be studied analitically by means
of a differential-equation system, in which the polarization p(t) and P(t) of the two
groups of spins (I} and (8) respectively, are present.

We refer to the protons (I) of the erystallization water and to neodimium ions (S)
of the crystal:

Lia,Mg,(NO,),, X 24H,0+19, Nd .

We shall infer some possible properties of the spin diffusion through measurements of
the spin heat bath relaxation time of the protons, of the stationary value of the protons
polarization, and of the time constant to bujld up this value. The differential equations,
which describe the time evolution of the dynamic polarization, have the stationary
solution for system (I) given by

Ps TI(N/n)ﬁW ~ WTs(l“Pg)ﬁl
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where W is proportional to the pumping power, Po= tgh (b /2K T), py= tgh (hv,/2KT)
are the values of the polarization at thermal equilibrium with the heat bath of the
spin (8) and (I) respectively, f= (T,/T;){n/N) is the ratio of the spin heat bath relaxa-
tion time multiplied by the ratio between the proton number and the ion number,
T, = Tn/N)p(1—P]", where B is a coefficient due to the magnetic dipolar inter-
action between the spin (8) and (I).

The time constant with which p(f) approaches the value p, is given by the approxi-
mate relation

(2) tl= Tl + WT(1—Py)~"

as one finds from the solution of the differential equations, note (*). Thus, by meas-

(*) The differential equation system in ref. (*)
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)= —(»— po)wﬁ; - Py — W ws) . 7+ Py, P(t)= — (P — Po) N W ws)(P F p),
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w[Py= T3, BW(vs) is the induced tramsition probability at frequencies v. = ¥s & vz.
(*) V. MONTELATICT and G, BALDACOHINI: Nuove Cimento, 68 B, 253 (1970).
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uring the value of the quantities: 7, 7', ps/p,, one can verify the relation:

T T (/o) (Po/po)

T 1 (py/po)(Pofpo)t’

3)

as a function of the relative power, after the magnetic field and the temperatures
are fixed.

The measurements are made at T7'= 1.6 °K and H = 9100 G with an apparatus
described in ref. (1:2); the angle between the optical axis of the erystal and the magnetic
field was ~ 90°. The measurement of the relaxation time has been:

T,(9100 g, 1.6 °K) = 1140 s .
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Fig. 1. — Experimental points of the functions g(r-1/T7*) and F(ps/p.) as a,:functio.n of the relative power,
0db corresponds to the maximum power p¢= 5.94-10-%; P,/p,= 7.92:102 for H= 9100 g, T= 1.6 °K.

In Fig. 1 the values of the functions

T—-l
g(??)
are reported as a function of the relative power.

The behaviour of the two functions is fairly good within the experimental error
(109, on the values of p,/p, and on the values of v and T'), but there is a discrepancy
of a factor of about 3.5 on the numerical values.

We may observe that the expressions (1) and (2) are the same as those obtained

from the theory of the solid effect in which one takes into account the diffusion effect
(when there are no extraneous relaxations) (*). This theory foresees a parameter fune-

fl

(_[——1_ T;l) T, and f(lis) — (Ps[Po)(Po/ Do)t

Do 1 — (py/Do) (Pofpo) ™t

(3) V. MONTELATICI and G. TOMASSETTI: Lefl. Nuovo Cimento, 3, 391 (1972).

(® G. R. KHUTSISHVILL; Sov, Phys, Usp., 8, 5 (1966); from the Russian edition Usp. Fis, Naulk, 87,
211 (1965),
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tion of the pumping power
(4) b*=b(1 + WT)t,

where b is the distance from the ion below which the protons are under the direct in-
fluence of the ion (*): H(9100 G, 1.6 °K)~ 1 A for the crystal used.

From the value of the functions g(z~1/7T-1) and (4) is deduced the maximum value of b%,
which is ~ 2b.

This value implies a « rapid diffusion » process since b* is smaller than the diffusion
barrier 8(= 8 A) as foreseen by the diffusion theory (**). In the case b* > 0 one has a
«limited diffusion » process, where the stationary value (1) is still valid, but the time
constant to approach this value is

3

16
U > 8) = — — T7 b < O)(1 + W)
G TS 0) = S T (<Ol + WT)*,

on the other hand when b* < 6, the diffusion theory gives
(6) TH* < 8) = T (b < O)(1+ WT),

which is the same as that derived from equation (***) (*.%).

Now if we keep in mind that to reach the stationary value p, at higher tempera-
tures, for example 4 °K, higher pumping power is necessary (since T;' is greater,
T749100 g, 4.2°K)~8-104s1). Then b* may become greater than the diffusion
barrier, since 5(9100 g, 4.2 °K)~ 3 A. In this case there should be a different behaviour
between the functions g(z-1/7-1) and f(p,/p,), while there must be the same behaviour
between the function f(p,/p,) and the new function

T—‘l T—l b3\4
7 Hle—l=l—16—=}) —1.
™ ’ (T;:‘) (7 63)

Thus measurements of p,/p,, = and T, as a function of the pumping power at various
temperatures should give information of the two different diffusion processes, namely
the «rapid diffusion» (b* < 6) and the «limited diffusion» (b* > §) during the build
up of the polarization (,*,). We notice that a sample such as our erystal, in which b<d,
has the possibility to sustain both diffusion processes as the value of the pumpin power
is varied. On the contrary one has a rapid diffusion process when the pumping power

is switched off. To obtain b > ¢ one has to reach higher temperatures (about 10 °K

(*) The scattering lenght b= 0.68[(3/10)(ﬁ'y5/H)2D-1T;l]‘é‘f cm, D~ 10~ cm® g~ is the diffusion con-
stant; b(9100g) ~ 1.5-10-* (T;")%A, where T5* = 3-10-*8 F* otgh (hvs/2KT) +6-10° exp [— 47/7T1, ref, (2:5).
() P. L. Scorr and C. D. JEFFRIES: Phys. Rev., 127, 32 (1962).

(]) T. J. ScHUMUGGE and C. D. JurrriEs: Phys. Rev., A 138, 1785 (1965).

(**) The theory of the spin diffusion is reviewed in ref. (), we have used the therminology of this article.
(***) See footnote (*), p. 285.

(*+*) It can be shown that equations in footnote (*) are valid only under appropriate hypotheses,a nd
they give the same results as the theory of diffusion for one case: that for which b < b* < §. This
discussion will be presented in a later article.

(x*s) Note that we attribute the terminology «limited diffusion» for b* > § and «rapid diffusion» for
b* < 4. This is done for brevity since these two names are used when the pumping power is switched
off, that is during the gradual approach to the thermal equilibrium of the proton polarization.
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for our erystal) (*), then

(8) T b* > 8) = T-1(b > 8)(1 + W),
where
To>6) 16 (H\_ | 3 [fiy\2 % \
9) GRS [l () et | G
T, 3 \Fy, 1o\ H
one the contrary, when b < §, one has
T(b < 6) 10( H\?
10 gt Y- Bubef il I
(10) T, 3 \#y,

where E®= (V/N)(3/4r), V =1 is the unite volume of the sample and ¥ is the con-
centration of ions.

From the measurements of the relaxation times one can ceck (9) and (10) as a func-
tion of the temperatures.

(*) We suppose § independent of the temperature, for more detail see ref. (>6).
(®) H. E. RORSCHACH jr.: Physica, 30, 38 (1964).

V. MONTELATICI, et al.

16 Settembre 1972
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