and for the baryon decuplet

e ¥+ _ *+ *0
N -N =m 4 hm2 + hm3, Y, - Yl =m *m,+ mas
*+ *0 *0 *0
N -N = my *+my, +omg, Yl-Yl—ml-2m2-2m3, (3)
NO_ N = 2 2 %0 | 547 o om 2m
- R e~ B L s W B
From (2) and (3) follow all the relations for the mass differences ob-

(3]

tained in SU(3) symmetry. In addition, the following relations hold be-

tween the octet and decuplet particle masses:
o * ¥*+ *
N - N 0 = Yl -Y 0. P-n

* * o * *o * ¥ -
0 ~- N = Ylo - Yl == o = =pe-na=- Z+ I +2 (&)

¥t +
N - N =p_n+2+2-2

Comparison of (4) with the experimental mass values is impossible at
present, owing to the large errors in the determination of the resonance
masses.

In conclusion, the author thanks A. I. Akhiezer for discussing the pre-

sent results.
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1) We note that the term of (1) linear in C?, is the result of the rela-

. B,C_ ..B.C_.C c
tions G € 5 = 3C,Cp = C, +(@/3)5,.
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[1]

In an earlier note we presented the results of calculations of the
electric resistivity of a nonmagnetic metal with small admixture of magnetic
atoms. In the present paper we consider the case of impurity ferromagnetism,

and determine the dependence of the resistivity on an external magnetic field.
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[

and the external magnetic field were taken into account in the sense of

We used the same spin diagram technique as in The ferromagnetism

(2]

2
i.e., in the form of some effective field acting on the electrons and impuri-
ty "particles." Thus, in place of the usual "free" Green's functions, the

functions used in this "field" were

_ 1 _ 1
G'i-£+ozp €T a¥5,Q (1)

The values of P and Q were determined in a self-consistent manner, so that the

(21y,

following equations were obtained (see also

P=yuf+ JcSBS(%[,-g)
(2)
_ 3zdJ
Q= guOH + -22;——P
F
where
_ s+ 1 (28 + 1)x 1 x
Bs(x) = 55——Ccoth———5= - —ggcoth5g

is the Brillouin function, ¢ the atomic concentration, z the number of elect-
trons per atom, and g =2 is the gyromaegnetic ratio for the impurity. In ad-
dition to changing the Green's functions, the presence of the "field" changes

the normalization factor when averaging over the impurity spins, from

eVT/(28 + 1) to
MTgtnn & / ston B E1).

2T

As before, the calculation was made with logarithmic accuracy, i.e., it
was assumed that (J/?F)ln(gF/Q) are arbitrary, but J/eF << 1, It turned out
that the change in the electron energy in the field (the quantity P) does not
enter in the result explicitly, although, in accord with (2), it does deter-
mine the value of Q.

In the case when the ordinary resistivity pord’ connected with the non-
exchange interaction vetween the electron and the impurity, greatly exceeds

pex, due to the exchange interaction, the result takes the form

€ 2

_ SQ,) sinh Q§T - /T 3Jz F
= Pord © Po,ex [1 - BS( T /7 cosh Q/T - 1 )1+ 2 o in max(Q,T)) (3)

vwhere PO, ex = [3n2mJ28(S + l)c]/ENsFeah is the atomic concentration. The
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limiting cases are:

9270+ 32y OF -2 .
© = Pora *Poexlt TGP IL P E A ), YT e s (1)
"Q'/T € =2
= S e l1_,.,29 39z . FF\° -Q/T
P = Pora* Po,exl®T * TmT G-2rT)IQ 2e, " ) s € 7 <<T

According to (2), in the absence of & magnetic field Q is given by
_ 3zJ2cS 5Q
O= 5 B (F) (5)

In particular,

_ .r15 czS(S+l1) _ 1/2 _ .
Q=Jd3 e (5 ¥5+172) (Tg - I Te - T << Tg 5
(6)
chQS
Q -3—2'6—_— 3 T << TC
F
where TC is the Curie temperature, equal tc
To = [ Pezs(s + 1)1/2e (7)
This means that when TC = T we obtain Q8 << TC‘ end when T I TC we have QS ~ Tc.
On the other hand, if guOH >> T, then
Qe au i (8)

It follows therefore that when H = O the denominator in (3) contains

ln(eF/T) if T >> T, and ln(eF/TC) if T i,TC. As to the numerator, it decreases

when the temperature drops below Too with S(S + 1) replaced, in accord with (k&)
2

by S . The cause of this effect is very simple. The effeclive scattering
cross section contains (3‘§)(3°§). If the spins of the impurity are not
oriented, then the mean value of this product is S(S + 1). If they are fully
oriented, the product becomes GZS'OZS = Sg. Thus, ordering of the spins
leads to a decrease in the numerator of (3). In the presence of a magnetic

field guOH >> TC the quantity ge H plays the same role as TC in the absence

0
of the field. The general form of the p(T) curve depends on the relations

between the parameters.

If J > 0, the p(T) will decrease as the temperature drops to T~ T.,
at which @ v T (according to the foregoing, T max(TC, guoH)). Beyond this,
p(T) vecomes independent of the temperature.

On the other hand, if J < 0, different cases are possible. As is

(1]

known from , in the absence of spin ordering the p(T) curve has & mini-
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mum at some value Tmi It results from the addition ¢of the ordinary re-

n

sistivity, which decreases with the temperature, and the increasing volume

resistivity. At a temperature T << T . there is a maximum connected
max min

with the resonance in the exchange scattering of the electrons. The tem-

perature Tmax is independent of the electron concentration

Assume now that ordering takes place and the corresponding temperature

is T, << T .
] max
below TO. It Tma

Py 1O longer drops to zero below Tmax’ and becomes constant
<< T << T ., , then the maximum due to the rescnance dis-

X 0 min

appears, but a new one appears. As the temperature drops from T n to T

s
the resistivity increases, and then begins to decrease because o?ithe trgnsi-
tion from the coefficient S(S + 1) to se. The position of the maximum of T,
at TC << guOH corresponds to Tofv Tb, i.e., it is approximately linear in
the impurity concentration, and when TC << guOH it corresponds to Tof» an s
i.e., it is independent of the concentration but depends approximately
linearly on the field. Finally, when TO >> Tmin both the maximum and the
minimum on the oex curve disappear.

So far we have considered only the exchange part P ex of the resistivi-
ty. However, the magnetic field influences also P ord because the electron
orbits become bent in the presence of the field. If the collision time
T << @, where = eB/cm (B is the mean field in the sample), then this effect
has an order of magnitude pord(QT)z. An estimate shows that in the presence
of an external field a decrease in the exchange resistivity, due to the
ferromagnetic ordering, is much larger than the increase in Pord due to the
appearance of the internal magnetic field, However, if we compare the effects
of the external field on pex and on pord’ then different cases are possible.
if

Pex & (9)

T

ma.x(T,uoH) <<
ord

then the increase in the ordinary resistivity will be smaller than the de-

3

crease in the exchange resistivity. Over a mean free path 2~10 ° cm the
right side of (9) equals approximately O.loK. Thus, the total resistivity
can either increase or decrease with increasing msgnetic field. We note that

the increase of the ordinary resistivity can be suppressed by introducing
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nonmagnetic impurities. In addition, it must be borne in mind that the
change in the ordinary resistivity with the changing field does not depend
on the temperature, whereas the change of the exchange resistivity, as shown
above, is strongly temperature dependent.

In conclusion we note that all the qualitative features obtained here
for the resistivity (minima and Maxime of resistivity, vanishing of the ex-
trema in a sufficiently strong field, negative magnetoresistance) were ex-

(31,

perimentally observed (see
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