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Paramagnetic spin-spin absorption has been investigated in a number of materials at v = 
600 Mcs at room temperature. It has been established that the absorption relation which 
follows from the Shaposhnikov analysis1 is in good agreement with experiment if it is as­
sumed that the corresponding relaxation time is independent of the constant field. The 
quantity b/c has been measured for certain materials for which it has been hitherto un­
known. 

l. The thermodynamic theory of paramagnetic re­
laxation in parallel fields 1 leads to the following 
e~pression for the imaginary part of the complex 
magnetic susceptibility 

x" /xom = F /pv + ( 1 - F)2 p8v, (1) 

where Xo is the equilibrium specific susceptibility, 
m is the mass of the material being investigated, 
p is the spin-lattice relaxation time, Ps is the 
spin-spin relaxation time, v is the frequency of 
the oscillating field, and F is a function of the 
constant field H0 , which will be discussed in de­
tail below. The expression in (1) applies to the 
case in which Ps « p, PsV « 1 and pv » 1. If 
the difference between Ps and p is large, by 
making the frequency v high enough the first term 
in (1) becomes much smaller than the second. In 
this case the paramagnetic absorption is described 
by the relation 

x." /xom = ( 1 - F) 2 p.v (2) 

and can be discussed in terms of only one internal 
relaxation mechanism in the spin system. 

Equation (2) has been checked by Garif'ianov2 who 
has shown that it gives good agreement with experi­
ment if it is assumed that p s is independent of the 
constant field He. However, the sample in which 
this test was made was small. In Ref. 3 an investi­
gation was made of spin-spin absorption in para­
magnets in a much larger sample and it was estab­
lished that in all cases considered the absorption 
takes place in accordance with Eq. (2) with Ps in­
dependent of He. 

2. Assuming that Ps is independent of He, we 
write Eq. (2) in the form 

x" (He)= (1- F)2 , (3) 
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where X" ( He ) = xomPs v. The readings in the grid 
circuit are proportional to the quantity X'( He). 
The function F varies over the range 0 < F < 1 
when its argument He varies from zero to infin­
ity since4 

(4) 

where b is the heat capacity of the spin system 
and c is the Curie constant (normal ferromag­
nets are being considered). From Eqs. (3) and 
( 4) it follows that the spin -spin absorption x" ( He ) 
is a decreasing function of H0 • Furthermore, 
when He = 0, we have x" ( 0) = 1 which we will 
use in converting between the meter readings and 
X" (He) in absolute units. Writing, for convenience, 

F = 1/n, 

we rewrite Eq. (3) in the form 

x" (He)= (1 - n-1) 2 ; 

furthermore, from Eqs. (4) and (5) we have 

b/f: = (n- 1) If;. 

(5) 

(6) 

(7) 

If it is assumed that (2) is valid, Eq. (7) is con­
venient for experimental determination of the con­
stant b/c. Actually, giving n an arbitrary value 
n1 (greater than unity) and using Eq. (6) we can 
find X" ( Hc1 ) and then, going over to the corre­
sponding point of the experimental curve by using 
the relation X" ( 0) = 1, we can find H01 ; substi­
tuting n1 and Hc1 in Eq. (7) we then find b/c. 
If, however, b/c is known from other sources, 
Eq. (7) can be used conveniently for experimental 
verification of the expression given in (2). Both 
procedures have been used in this work: Eq. (2) 
was verified in several materials in which the con-
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stant b/ c was known and then the constant b/ c 
was found by the method indicated above in a num­
ber of materials for which it had been hitherto un­
known. 

The absorption curve, the ordinates of which 
are proportional to the quantity x" (He), was ob­
tained using the method given by Zavoiskii. 5 In 
essence this method consists of using the experi­
mentally determined linear relation between the 
grid current in an electronic oscillator and the 
magnitude of a small dissipative load. In measur­
ing the absorption, a glass ampoule containing_ the 
material being investigated is introduced into a 
coil which is inductively coupled to the resonant 
circuit of the oscillator. The sample coil is ori­
ented in a fixed magnetic field so that the oscillat­
ing field of the coil is parallel to the fixed field. 
When the fixed field is changed the dissipative load 
on the oscillator changes and there is a change in 
the grid current, which is detected by an appropri­
ate instrument. A detailed description of the oscil­
lator and its operation is given in Ref. 6. The sam­
ple is prepared from crystals which have been 
stored in the host solution to retain the water of 
crystallization. The neck of the ampoule contain­
ing the sample material ( in powdered form ) is 
sealed with paraffin. All measurements are car­
ried out at 600 Mcs at room temperature. 

3. The experimental spin-spin absorption 
curves obtained in the present work are all similar 
and differ only in intensity and half width. Hence 
it is sufficient to discuss one of them. In Table I 
are shown the results of an analysis of the curve 
for MnS04 • 4H20; the quantity X" (He) denotes 
the readings corresponding to x" (He). It is ap­
parent from the table that Eq. (2) is in good agree­
ment with the absorption curve; the value b/c = 
6.3X106 oersted2 agreeswith b/c=6.2K106 ob­
tained by Tennyson and Gorter using a beat method 
(cf. Ref. 4). In all other cases investigated, which 
have been described in detail in Ref. 3, there is 
also substantial agreement between the experimen-

TABLE I 

n X"(Hc) 'i"(Hc) He b/C·10~ 

(X'(O)~l) <x"<OJ~S'•l 
Oe• 

1.5 1;9 9.3 3400 5.9 
2 1j4 21,0 2.500 6.2 
3 4;9 37.3 1780 6.4 
4 9jl6 47.2 1450 6.3 
5 16;25 53.7 1240 6.0 
6 25;36 58.3 1150 6.6 
7 36/49 61,7 1040 6.5 
8 49j64 64.3 960 6.4 

Average: 6.3 

TABLE II 

Material 

CrK (S04)z ·121-lzO 
[ Cr 41-120 2Clj 2H20CI 
Cr (NOa)a · 9Hz0 
MnCI 2 ·4HzO 
MnS04·4HzO 
Mn (NH4)z (S04)z·61-lz0 
Fe (Nl-14) (S04)z ·121-lzO 
[CuCI4] (NH4)z ·21-lzO 
Cu (CI-la COO)z · HzO 
CuS04 ·51-lzO 
[Cu (NHa)4] S04 ·KzO 
CuCI2 ·2H20 
Cr (OH)a 

0.66 
4.6 
1,2 

19.3 
6.3 
0.65 
0.28 
2.5 
0.93 
0.47 
0.30 
0.35 
2:8 

0.64 
4.5 
1,1 

19:5 
6.2 
0.65 
0.27 

tal data and the theoretical expression (2) under the 
assumption that p is independent of He. It should 
be added that spin -spin relaxation has been investi­
gated at ultrahigh frequencies by Kurushin 7 who has 
also obtained results which verify the Shaposhnikov 
theory1 with p independent of He. On the other 
hand, there are recent experimental data on spin­
spin absorption8- 11 which have as yet not received 
theoretical explanation. 

4. A summary of the results of the determina­
tion of b/ c (both for materials in which it has 
been known and in which it is reported for the first 
time) is given in Table II. The values given in the 
last column of this table are taken from Gorter. 4 
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