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An investigation is made of the influence of randomly distributed magnetic inhomogeneities on the 
interaction of an alternating magnetic field with the spin system of a ferromagnet. A new mechanism is 
proposed for excitation of spin waves; it consists in the possibility of stimulated decay of the external wave 
into two spin waves with randomization of the magnon subsystem at impurities or dislocations. Conditions 
are determined under which this mechanism leads to larger effects than does the usual parametric resonance. 
Also investigated is the effect of randomization of magnons at inhomogeneities on the value of the 
nonequilibrium magnetization of the ferromagnet. It is shown that in contrast to the case R > ZEo (R is the 
frequency of the field, E, the energy of a magnon at k = 0), when suppression of the magnetization occurs, 
when R < ZEo the magnetization increases (the magnetization stimulation effect). 

PACS numbers: 75.30.Ds, 75.30.H~ 

As is well known, one of the basic problems of the We shall make a preliminary estimate of the effec- 
generation of spin waves is parallel pumping, that is, a tiveness of processes of generation of spin waves be- 
situation in which the external alternating magnetic field cause of impurities a s  compared with the effectiveness 
is applied parallel to the magnetization M. Then a pro- of direct processes of formation of parametric waves, 
cess  is possible in which an external spatially homoge- (1). Noting that for pho << 52 (ho is the amplitude of the 
neous wave of frequency C2 decays into two spin waves: external field) the probability of the processes (2) (Fig. 

(1 
1)  is proportional to 

Q = E . + E - ~  

(4 is the energy of a magnon with wave vector k), when ( P ~ ~ I Q ) ~ U ~ N , ,  

52> 2zO. A theory of parametric resonance excitation of where N i  is the number of impurities per  elementary 
spin waves in ideal ferromagnets was constructed by cell and where U is the matrix element for interaction 
Zakharov, L'vov, and starobinets' (see also the reviewZ of a magnon with an impurity, whereas the probability 
by the same authors). of the processes (1) ( ~ i g .  2) is simply proportional to 

( / ~ h ~ ) ' ,  we see  that the effectiveness of magnon pumping Real ferromagnets usually contain various inhomoge- 
by processes (2) is higher when the inequality 

neities (impurities, dislocations, etc.), which, a s  has 
been e ~ t a b l i s h e d , ~  substantially affect the threshold for Nr> ( Q l U )  '. 
parametric excitation. A systematic theory of this 
phenomenon was developed in Ref. 4. In addition, a s  
was explained in Ref. 5, for parallel orientation of the 
external alternating magnetic field and of the magnet- 
ization of the ferromagnet an important role is played 
by effects of modulation of the phase of the magnons by 
the external field; these lead to the possibility of ab- 
sorption of the field even in a nonresonance situation 
(52 2s0) because of "interference" between the interac- 
tion of the magnons with the field and magnon-magnon 
processes. In the presence of impurities, because of 
the relatively large amplitude of the interaction of mag- 
nons with impurities,6 these effects lead to significant 
absorption of the field energy when SZ < 2co.7 When C2 
> 2co, modulation of the magnon-impurity interactions 
by the external field leads, along with (11, to st i l l  
another channel for generation of spin waves (Fig. 1; 
the dotted line denotes impurities, the wavy line the al- 
ternating magnetic field), by virtue of the process 

2+ FIG. 1. 

is satisfied. For example, when 52- 10" sec" and U 
- loi3 ~ e c - ' , ~  N , >  lo4.  Below, we shall derive a more 
exact inequality. But these preliminary remarks al- 
ready indicate the importance, in principle, of the ef- 
fects of magnetic inhomogeneities on the kinetics of 
magnons in parallel pumping, and also the fact that 
these effects by no means reduce simply to a renormal- 
ization of the excitation threshold. 

Still another illustration of the importance of allowing 
for the scattering of spin waves on inhomogeneities that 
is induced by an  alternating field is the redistribution of 
spin waves in k space, with conservation of their num- 
ber. Such processes (see Fig. 3 )  a r e  interesting not 
only in the case of parametric resonance(52 > 2co), since 
they may be an effective method of limitation of the 
number of parametric magnons, but also in the para- 
metrically nonresonant case (52< 2sJ,  when the processes 
(1) and (2) a r e  impossible because of the law of conser- 
vation of energy. In the last-mentioned case, a s  will be 
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FIG. 3. 

shown in the present paper, redistribution of the mag- 
nons with respect to energy, toward higher energies, 
leads to a very interesting effect: an increase of the 
magnetization of the ferromagnet a s  compared with the 
equilibrium magnetization corresponding to the given 
temperature T. 

1. THE KINETIC EQUATION FOR MAGNONS 

We consider a single-domain specimen of a uniaxial 
ferromagnet, placed in a constant magnetic field H pa- 
rallel to the anisotropy axis. The Hamiltonian of the 
magnon system of such a ferromagnet, in an alternating 
magnetic field polarized parallel to the constant field, 
has the form 

I= ( e p + h :  cos Qt) C , + C ~ + ' / ~  

P 

where h;= + 1 ~ ~ 1 ~ )  and Hp = pJz,u~vp*. The 
values of 5, up, and v, and the magnon-magnon interac- 
tion Hamiltonian xs were determined in Ref. 8; the ma- 
trix elements of the interaction of magnons with mag- 
netic inhomogeneities a r e  

In the case of impurities (the exchange mechanism of 
interaction), we have 

U 
up,,, = - - ~ e x p ~ - i ( p - p ' , ~ ) ) ,  

2N , 
(4) 

where N is the number of magnetic-atom lattice sites, 
U is the exchange integral between an impurity atom 
and an atom of the matrix (U -8,, where 8, is the Curie 
temperature), and Rj is the coordinate of the j- th im- 
purity. In the case of dislocations (ring-shaped, ran- 
domly distributed), 

where q=p-p ' ,  V is the volume of the system, s2 
=8,q2, B = yopMo, yo is the magnetostriction constant, 
and b"' is the Burgers vector of the lth dislocation; ex- 
pressions for the functions gjB, cp,@, and T "' were given 
in Ref. 9. 

In the derivation of the kinetic equation for the mag- 
non distribution function fD = (cicp) (the angular brack- 
e ts  denote an  average over a nonequilibrium Gibbs dis- 
tribution), we shall take into account that, a s  a rule, 
the amplitude of the external alternating field is small  
(pho<< so), and we may therefore restr ict  ourselves to 
second-order perturbation theory with respect to the 
field. This means that in the derivation of the term in 
the kinetic equation that describes ordinary resonance 
excitation of magnons [coming from the second term in 

(3)], we shall neglect the higher resonances (nS2 =2%, 
n > 1). At the same time, we shall initially take exact 
account of the f i rs t  term in (3), which describes the in- 
teraction of magnons with the field, in order subse- 
quently to write the kinetic equation correctly in the 
quadratic approximation with respect to the field. 

As was shown in Ref. 10 (see also Ref. 71, the kinetic 
equation for normal representative fD, for  systems de- 
scribed by a Hamiltonian of the type (31, in the second 
order of perturbation theory with respect to the inter- 
action between the particles, can be obtained a s  follows: 

where 

and&,, includes all the terms of (31, beginning with the 
"resonance" generation of magnons by the external field. 

On calculating in the usual manner the averages in (6) 
and on carrying out an average over a random distribu- 
tion of inhomogeneities, with allowance for  the remarks  
made above, we derive the equation in the form 

where n is the concentration of defects (n, of impurities, 
n, of dislocations'), 

YFs) a r e  the collision integrals that describe the mag- 
non-magnon processes, i n  general renormalized by the 
external field,' and 

In the present paper we shall be interested in a high- 
frequency field 1 (where T is the relaxation time of 
the magnons), when the magnetic system can be de- 
scribed by a distribution function "smoothed out" over 
intervals at that satisfy the inequality 

On passing to the limit pho << S2 and averaging over the 
oscillations of the external field (for details, see  Ref. 
7), we get the kinetic equation in the form 
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The f i rs t  term in (8) describes the ordinary mechan- 
ism of scattering of spin waves by defects, which leads 
to "isotropization" of the magnon distribution function. 
The second term corresponds to processes of redistri- 
bution of magnons with respect to energy (with change 
of the magnitude and direction of the vectors k), with 
conservation of their number. The third and fourth 
terms a r e  nonzero only under the condition of parame- 
tric resonance (52 > 2co) and describe, respectively, the 
processes of stimulated and of parametric resonance 
generation of two spin waves, a s  represented in Figs. 1 
and 2. The term Y?'{f } describes relaxation of mag- 
nons to a nonequilibrium state. 

It is necessary, however, to make the following re- 
mark. For a systematic description of the process of 
parametric resonance within the framework of the ki- 
netic approach, i t  is necessary to consider simultane- 
ously the equations for f, and for a, = (c,c,). The ne- 
cessity of introducing 0, in order to describe a system 
in parametric resonance was f i rs t  pointed out in Ref. 2, 
where the importance was noted of considering the , 
equation for 0, in deriving the phase mechanism of lim- 
itation of the amplitude of spin waves. In solution of the 
equations for f, and 0, by perturbation theory, by re-  
stricting ourselves both to the second order in the in- 
teraction of the system with the external field 
(~&[~,e"~~c~c++, + H. c. I), and to the second order in 
the magnon-magnon interactions (xs), we can obtain an 
expression for a, in the self-consistent approximation. 

If we then substitute the expression obtained for 0, in 
the equation for f,,, the kinetic equation for  f, will have 
the same form (8), but c, and H, must now be interpret- 
ed a s  the renormalized magnon energy and pumping 
field. These renormalizations of the magnon energy 
and of the pumping field a r e  obtained in the same way 
a s  in the s- theory of Zakharov, L'vov, and   tar obi nets,^ 
who used the dynamic-equation approach to describe the 
process of parametric excitation of magnons. Here- 
after we shall suppose that the principal mechanism of 
randomization of magnons is scattering by magnetic in- 
homogeneities, and therefore we shall neglect "inter- 
ference" magnon- magnon interactions and interactions 
of magnons with the alternating field. 

2. MECHANISMS OF SPIN-WAVE EXCITATION. THE 
CASE OF MAGNON-IMPURITY SCATTERING 

For analysis of the role of the various terms in (8) in 
the kinetics of magnons, i t  is convenient to go over to 
the approximation of isotropy in the wave vectors p, us- 
ing the fact that because of the large concentration of 
randomly located magnetic inhomogeneities, there oc- 

curs  an effective "isotropization" of the distribution 
functions f,. Omitting quite simple calculations, in the 
case Mo << H for the isotropic part of the distribution 
function we get a kinetic equation in the form 

ma + S3(pho) '7  (1+2f#) (2e-Q)'+4y.' . + 9:"' { f } ,  

where tl-lO-l, C2-2. C s -  1, m =4npMo, vo is the 
volume of the elementary cell, and U ( x )  = 1 for x 3 0 and 
= 0 fo r  x < 0. In the present paper we a r e  primarily in- 
terested in the mechanism of stimulated nonresonance 
pumping of spin waves, described by the f i rs t  term in 
(9); therefore we shall not give an analysis of the effect 
of impurities on the threshold of resonance excitation 
of magnons (with energy S2/2), since this has already 
been done in Ref. 4. We remark only that the effect of 
threshold r i se  a s  a result of magnon-impurity interac- 
tions follows directly from the equation for the isotropic 
part of the distribution function. 

Having derived Eq. (9), we can now estimate (at least 
in the T-approximation for y,(SS'{f}) the effectiveness of 
the sources of generation of nonequilibrium magnons by 
the mechanism of magnon-impurity interactions [the 
mechanism of stimulated nonresonance pumping of spin 
waves (nr)] and by the usual parametric resonance ex- 
citation of magnons of the system (r), described by the 
term in (9) containing the Lorentz function. The ratio 
of the excess number of magnons, a s  compared with the 
equilibrium number, generated by the nr-mechanism to 
the number of nonequilibrium magnons originating in the 
resonance r-situation is, from (91, 

N,!? l N , = ~ . ( n i v o )  (Bc/eo)'haY', (10) 

where CO-5 x lo-' and = (a - 2c0)/2&o. 

Thus, for example, when (n ,vo) - lo-', 8,- 500 K, &o 
- 0.2 K, and a > 2, the excess number of nonequilibrium 
magnons i s  provided chiefly by the nr-mechanism sug- 
gested here. As is evident, the effectiveness of this 
mechanism is not solely determined by the concentra- 
tion of the impurities but also depends substantially on 
the width of the interval (co, O - co) within which genera- 
tion of nonequilibrium magnons occurs. In contrast to 
the usual resonance mechanism of excitation of spin 
waves, which provides generation of spin waves in the 
vicinity of the point = C2/2 and is of threshold charac- 
ter, the mechanism that we a r e  considering has no 
threshold and thus is the one that produces prethreshold 
absorption of the energy of an alternating magnetic field 
in ferromagnets containing impurities. In the case 

the mechanism of stimulated nonresonance pumping of 
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spin waves is responsible also for beyond-threshold ab- 
sorption. 

To elucidate the role of this mechanism in the absorp- 
tion of the energy of the field, we shall calculate the 
imaginary part X: of the high-frequency magnetic sus-- 
ceptibility due to nonresonance decay processes. On 
determining in the usual way the energy absorbed by the 
system in unit time and normalizing it in relation to the 
flow of energy from the source of the external alternat- 
ing field, we get for the value of xr an expression of the 
form 

where xo = co/T, w = Q/T, and 

In the usual experimental situation, 2 co < 51 << T, the ex- 
pression (12) simplifies: 

xP='/,51 (n,vo) (pz/v0Q) (U/B~)'(rn' /528~) (T /eo)  
x ( ~ - 2 e ~ ) ' / e o "  (Q-en) Y*. (13) 

We shall not consider here the case 51 < 2co, since i t  was 
analyzed in detail in Ref. 7. We shall give numerical 
estimates of the value of X" determined by (13). For  a 
constant-field value H = 1.5 kOe and for (nivo)- 0.1, 51 
- 10" sec-', T-300 K, and 8,- 500 K, ~ " - 1 0 - ~  to 10'. 

3. INTERACTIONS OF MAGNONS WITH 
DISLOCATIONS IN AN EXTERNAL ALTERNATING 
MAGNETIC FIELD 

Randomization of magnons by randomly located dislo- 
cations is described by Eq. (7) with the substitution (5). 

As in the case of impurities, we shall compare the ef- 
fectiveness of the sources that provide pumping of non- 
equilibrium magnons in the system by nonresonance de- 
cay processes at  dislocations and by the usual resonance 
mechanism of excitation of spin waves. The ratio of the 
corresponding excess numbers of magnons i s  (51 2 2co) 

where R i s  the mean radius of the dislocation loops and 
where b i s  the mean value of the Burgers vector. In 
contrast to impurities, the present ratio, for  a real  ex- 
perimental situation, may exceed unity even in the case 
of narrow sources ((1 < 1). In fact, when n,- lo8 cm", 
R - 10' cm, b- 102a, and 0, - 500 K, the chief mechan- 
ism of magnon pumping is the nonresonant for  a > 0.1. 
Thus interaction of magnons with dislocations produces 
the most favorable situation for realization of the mech- 
anism of parametric excitation of magnons suggested in 
the present paper. 

In analogy to the preceding case (impurities), calcula- 
tions of the imaginary part of the high-frequency mag- 
netic susceptibility in the case of dislocations (when 51 
> 2co) lead to the following result: 

This expression is valid when T >> 51 > 2co. 

On carrying out the integration in (15), we obtain the 
final result in the form 

(16) 
For  the system parameters already used above, we get 
for the magnitude of x," the value lo-'- lo+.  

4. THE EFFECT OF PARALLEL PUMPING ON THE 
MAGNETIZATION OF FERROMAGNETS 

Production of nonequilibrium stationary states of 
magnons by an external field leads to a change of the 
kinetic and thermodynamic properties of a ferromagnet. 
In this section we shall consider the effects of the action 
of a high-frequency alternating magnetic field on the 
magnetization M(h ,  T) of a ferromagnet with magnetic 
inhomogeneities. Such effects have been treated earli- 
er' for the case of an ideal ferromagnet when 9 < 2&,. 

We shall begin with the case 51> 2cowith allowance for 
magnon-impurity interactions. On solving Eq. (9) in 
the T-approximation and determining only the contribu- 
tion of parametrically nonresonant processes, and after 
substitution of the answer for f ,  in the magnetization ex- 
pression 

we get (0, co << T) 

When the inequality (11) is satisfied, a s  has already 
been mentioned above, the suppression of the magnet- 
ization of the ferromagnet is determined by the nr-  
mechanism and consequently by formula (18). 

A more interesting situation i s  the case 9< 2c0, when, 
at least in the quadratic approximation with respect to 
the field, processes of generation of an excess number 
of nonequilibrium magnons a r e  forbidden by the law of 
conservation of energy. In this case, a s  is seen from 
(9), the external field leads only to a redistribution of 
magnons with respect to energy; the energy of the field 
goes to increase of the mean energy of the magnons. 
This redistribution of magnons with respect to energy, 
toward higher energies, leads, because of the depend- 
ence on p of the coefficient of f, in formula (171, to a 
change of the magnetization in a nonequilibrium state, 
despite the fact that the total number of magnons is con- 
served when 51 < 2c0. Since the structure of the coeffi- 
cient ( lu, I' + Iv, 12) is such that i t  decreases with in- 
crease of the wave vector p, a redistribution of the 
magnons with respect to energy, toward higher ener- 
gies, leads to a smaller  negative contribution to the 
magnetization (17) a s  compared with the equilibrium 
state, when f, is a Bose function. Thus in the case 51 
< 2co, we may expect the phenomenon of a n  increase of 
the magnetization of the specimen (needless to say, 
when T + 0) a s  compared with the equilibrium case 
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(stimulated magnetization). We emphasize that here we 
have, in analogy with the case of a superconductor 
placed in an alternating electromagnetic field of fre- 
quency 52 < 2~ (where A is the superconducting energy 
gap"), the effect of stimulation of an order parameter 
of the system by a high-frequency field. 

By treating the kinetic Eq. (9) in the T-approxima- 
tion'' when 0 < 2zo, we get for the case 52 << 2cO<< T the 
following result fo r  the relative increase of magnetiza- 
tion of the ferromagnet: 

Here we have considered only the influence of the alter- 
nating magnetic field on the magnon-impurity interac- 
tions and have disregarded the magnon-magnon interac- 
tions induced by the external field. * As was shown ear-  
lier,' triple magnon-magnon interactions, accompanied 
by absorption and radiation of quanta 52 of the external 
field, lead effectively to increase of the total number of 
magnons and consequently to suppression of the mag- 
netization in the nonequilibrium state. Thus the mag- 
netization-stimulation effect can occur only a t  suffi- 
ciently large concentrations of impl~rit ies,  when the in- 
equality 

where C 4 -  lo2, is satisfied. 

In fact, because of the large value of the matrix ele- 
ment for magnon-impurity interactions, stimulation of 
the magnetization se t s  in even at  quite small  concentra- 
tions n,. Thus, for example, when T-300 K, 8,-500 
K, l M o -  0.02 K, and zo-0. 3 K, the stimulation effect i s  
already larger than the magnetization-suppression ef- 
fect when (%pol > lo4.  

As was shown in section 3, linear defects-disloca- 
tions-may be more effective for transfer of the field 
energy of the magnon system. It should also be empha- 
sized that for experimental observation of the effects 
considered here, a situation may prove more favorable 
in which it i s  possible to produce the magnetic'inhomo- 
geneities by plastic deformation of the specimen; this 
leads, a s  is well known, to the formation of disloca- 
tions. If we consider the case of scattering of magnons 
on dislocations in Eq. (B), for the case 52 << 26, << T the 
relative increase of magnetization is described by the 
formula 

where 

After some calculations we get 

We shall give an estimate of the magnitude of the effect. 
When the amplitude of the alternating magnetic field i s  
ho-1  Oe and when n,-lo8 cm", b-102a, R-10" cm, 

4nM4o/Oc- - sec, 
amounts to 

lo*, a/2co- lo-', T-300 K, and T- lo-'' 
the relative increase of magnetization 
10-3 - 10-2. 

Finally we consider the magnetization-suppression ef- 
fect produced by the nonresonant mechanism of genera- 
tion of spin waves in ferromagnets containing disloca- 
tions. We give only the answer for the case T >> 52 > 2.5,: 

(23) 
where 

Here we have considered a model of randomly distri- 
buted ring-shaped dislocations. I t  should be mentioned 
that the results  obtained remain valid in order of mag- 
nitude also for a model of straight-line, randomly lo- 
cated dislocations. In the latter case, i t  is necessary 
in  the estimates to interpret R a s  the mean length of the 
dislocation lines. 

In conclusion, we note that the approach developed in 
this paper to the description of parametric excitation of 
spin waves in ferromagnets containing maqnetic inho- 
mogeneities may also be useful for treatment of anti- 
ferromagnets. Here one of the most interesting prob- 
lems is the consideration of the influence of nonequilib- 
rium states on phase transitions of the spin-reorienta- 
tion type. 

The authors thank V. G. Bar'yakhtar for his attention 
to the research and for advice, and V. V. Eremenko, 
M. I. Kaganov, L. A. Prozorova, and G. M. filiashberg 
for discussion of the results. 

01n this paper we shall use the standard definition of the con- 
centration n, of dislocations, a s  the ratio of the total length 
of the dislocations to the volume of the crystal. 

')A detailed presentation of a description of parametric excita- 
tion of magnons within the framework of the kinetic-equation 
approach will be the subject of a separate paper. 
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Effect of impurities of normal metals on the residual 
electric resistance of Na, K, Rb, and Cs 
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The effect of 12 impurities (Li, K, Rb, Cs, Ca, Sr, Cd, Hg, In, Tl, Sn, Pb) on the residual resistivity p, of 
sodium, and of Cs impurities on thep, of potassium is studied experimentally. It is found that the dependence 
Ap/c = 4.75 (AZ-1.1)' + 5.15 is valid'for sodium with impurities of the V period. The values of (Ap/c),., for 
alloys with Na, K, Rb, and Cs bases are compared with those of (Ap/c),,, determined by using the phase 
shifts and making allowance for lattice distortions by means of the Blatt correction. The agreement between 
experiment and calculation is just barely satisfactory (a discrepancy by a factor of 2 4 ) .  It is suggested that the 
Blatt correction is insufficient for obtaining good agreement, and that the deviation of the real Fenni surface 
of the matrix from spherical is not the principal cause of the discrepancy. 

PACS numbers: 72.15.Eb 

In the study of residual electric resistance of dilute 
alloys based on normal polyvalent metals ~n,' ~ b , ~  ~ 1 , ~  
In, Ga? Zn, Cd, M ~ , ~  and ~ g , ~  i t  has been established 
by the authors that the calculated values of the electric 
resistance agree with the experimental values by no bet- 
ter  than barely satisfactory. In Ref. 7, where we 
studied the residual resistance of alloys based on lithi- 
um, whose Fermi  surface is close to spherical (in com- 
parison with polyvalent metals), a rather good agree- 
ment between theory and experiment was obtained; 
therefore, i t  has been suggested there that an important 
role in the impurity scattering of conduction electrons 
is played by the anisotropies of the Fermi  surface of the 
metal matrix. Inasmuch a s  all our calculations were 
made within the framework of the free-electron model, 
and the contribution to the scattering connected with 
anisotropies of the Fermi  surface was nowhere taken in- 
to account, a better agreement of the theoretical and ex- 
perimental results should be expected for metals in 
which the Fermi  surface is closer to spherical. Sodium 
and potassium belong to such metal matrices. The 
present research was undertaken with the aim of testing 
the assumptions stated above. 

Pr ior  to the beginning of our investigations, there 
were a ser ies  of papers in the literature on the effect of 
impurities of Na, Rb, and Cs  on the residual resistivity 
po of ~ a l c i u m ; ~ * ~ - "  however, the data on the system of 
alloys K + C s  were unreliable because of a great  scatter  
of the experimental points among the various authors 
and greater precision is required. For  the other alkali 
metals, the researches of Refs. 12 and 13 a r e  known to 

Researches devoted to the study of po of dilute alloys 
on a sodium base were not known to us  a t  all. There- 
fore, to perform the undertaken task, i t  was f i rs t  ne- 
cessary to obtain reliable data on the change in the re-  
sidual resistivity @po) of sodium o r  potassium in which 
one impurity o r  another is dissolved. The problem was 
appreciably complicated by the fact that, according to 
known binary diagrams of state only Cs, Rb and some 
quantity of Na dissolve in solid potassium, and only T1 
and Ba in sodium. With the aim of studying the possi- 
bility of formation of binary solid solutions of sodium 
and potassium with various metals, exploratory re- 
search was performed by us,I4 in which a noticeable 
solubility of ten impurity metals in sodium and practi- 
cally none for impurity metals (except Rb, Cs,  and Na) 
in potassium were f i rs t  noted. 

METHOD OF EXPERIMENT 

All the alloys were prepared on the base of pure 
(-99.99%) metals with electric resistance ratio 64.2 
= R ~ . ~ / R ~ ~ ~  (R4.2 and R2%-resistance of the sample a t  
4.2 and 293 K, respectively) equal to (1.2 - 1 . 6 ) ~  lod  
for  sodium and 3 . 6 ~ 1 0 ~  for potassium. The quantity 
64.2 differed from 60 (relative residual resistance) by 
not more than 15% for potassium and not more than 
2-3% for sodium. The method of preparation of the al- 
loys and of the wire samples (diameter 3 mm and length 
-180 mm), and of also the measurements of their elec- 
tric resistance at  4.2 and 293 K was reported in detail 
in Ref. 14. 

us, in which the resistance of dilute alloys of C s  + Rb, The e r r o r  of measurement of R, did not exceed O.?'?. 
Rb + K ,  and K + C s  were studied (the boldface indicates To increase the reliability of the determination of the 
the metal-matrices). quantity bp/c-the change in po of the metal-matrix up- 
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