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In paper (1) the influence of a nonmagnetic impurity on the critical temperature
T, of a superconductor in the two-band model was investigated. It was shown
that, owing to transitions of electrons between overlapping energy bands, under
the influence of a nonmagnetic impurity a substantial change in the value of T,
occurs: an increase in the impurity concentration is accompanied by a decrease
in the critical temperature.

In the present note we give the main results of an investigation of the influence
of a paramagnetic impurity on the value of T,. The operator of interaction of
an electron with spin ¢ with a paramagnetic impurity atom has the form

V(r)=U(r)+ S U’(r). (1)

The positions of the impurity atoms and the orientations of their spins S are
assumed to be chaotic, and therefore an averaging over them is subsequently
performed (denoted by an overbar).

Using the notation of paper (!) and the results of paper (2), it is not difficult
to see that the electronic one-particle Green function in our case differs from
the case of a nonmagnetic impurity by replacing the quantity |U(q)|? in the
definition of the relaxation times 7;; by

S(S+1),, ,
vk + 2 E @
i.e., in the present case:
h cT de S(S+1>
—_— = | L kI — k)2 + 2= U/ (kF — k)2
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x|x(ik]", ki )% (2)

Along with the averages of the one-particle Green functions, let us consider the
average of their product:

Ka,@o/,@’ (x:% l‘/y/) = Gao/ (.’E, x/)Gﬂ,@’ (ya y/) (3)

This quantity enters the equation determining the critical temperature 7:

F(za,yp) = /--./dxl...dx4 Z K 0,0, (XY, T175) X

01..04
X0 (2101T509; T3032,404) F (1303, 2404). (4)

The solution of this equation must possess the property

F(zxa,yB) = —F(yB,za) £0 for f = —a. (5)

The function F' can be represented in the form

Fleayh) = gosFlans Flap) =Foey a=(5 5). @

(6) entails the introduction of the function

Kaﬁ<xy; Z'/y/) = Z Kozﬁo/ﬁ’ (xy, x/y/)go/ﬁ" (7)
o' B

As is readily seen from (2), the following equation holds:

K, s(ry;2'y") = gopK (xy; 2'y'); (8)

B
K(ay;a'y) = Glas’)Gluy) + / / dzy dezy Glay)Glyy) x
0

% %Z e—ia(x1—x%y) [|U(q)|2 _ S(S;—D|U/(q)|2] K(xzq;2'y"). 9)

Thus the equation determining the value of T, takes the form
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B
F(x,y) = /0 /dxl dzy K(2y, 2125) B(x) — 25) F (21, 75), (10)

where, as in (1), the quantity o has been replaced by its zero approximation—
the Green’ s B-function of free phonons.

The further solution of the system of equations (3) and (10) can obviously be
carried out in the same way as in paper (1). It should only be noted that in the
definition of the function K, unlike in paper (!), instead of the quantity |U(q)|?
there appears

S(S+1)

U@ - 22,

U (a)/?,
which will lead to the appearance of new relaxation times x;;:

h CcT dSJ
= U(kF —kF
2x;;  (27h)3 s, |VE}| [| (ki ;)

2
|

SEED 0 e | it i)
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i K

(11)

Taking into account the above-mentioned modifications in comparison with pa-
per (1), for determining the critical temperature of the superconductor we obtain
the following final system of equations (r,m = 1,2).

() = % SN L (2,9) Ny Ay () £, () (12)
Q' m
1 k2 1
N = 5 <|VEW|)M§L’ )= 2 @ (3
Lo (,9) = A, (2, 9) /A(R); (15)
B (©2) = 7 [ Vi@ = ) (1= (@) ) 4 V(2 - ) 2522
(16)
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A%ﬂlw)zﬂigmM—Qﬁ(L—é;in>+WWM—Qﬁ%§f).uﬂ
s = (- 1540) (- )R s

1 ds
Q—-Q)N,, = " BkE kP 10— kP mkE)2. (1
V;"m( ) m (271')3 Lm |VEm| ( r m| )|X<T r s T m)| ( 9)

Separating the logarithmically large terms in 8, = (kT,)~!, following the works
(3,4), in the system of equations (12) one can obtain the following relation
between the quantity . and the relaxation times of impurity scattering:

(py + pa)p1 Ny

o ey —e) /b —4a

) . . Ny + jN
X V11+V223—V2131_V12]J2—M(boi\/bg_‘la)]_

Vel (Bey/es) — el (By/er)

Ves — /€1
where
h h
PiZE—QXj a=NiNy(Vi1Vay = VigVa1) by = Vi Ny + Voo Ny;

P% +p§ + 2p1D2j1 o p% +p§ +2p1p2Jide ’ 2,2 -\
€19 = 5 F 5 —pip3(1 —j1j2)?,

)

N. h h
j:72p*2; = ) Jo = ) (21)
Ny py 2X 1201 2X21P2
 dt that/2
1@ = [ § T
h t 1412

B.o is the reciprocal critical temperature of the pure metal. In the right-hand
side of (20) terms have been omitted that are due to the influence of the impurity
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on the characteristic frequencies of the system entering the definition of the
critical temperature of the system.

In the case when U’ = 0, i.e., the impurity is nonmagnetic, we have

J— h . h .
P = 27_12, by = 270

In this case expression (20) naturally goes over into the corresponding expression
of work (1).

In the region of small impurity concentration |3.,/e;] < 1, the last term of
formula (20) is negligible. In this limiting case we obtain a linear change of the
critical temperature with impurity concentration:

T o~ (py + po)pi Ny
Y e+ eV —da

N, + jN; ( )
—2 I (12— 4]
oN, N, \0EVH e
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