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B = 1201'gl. d, B = 5l4gh,d, Bi =508t d,
BYBY, = 88gtegmd, BB = —603gngl. d,
BUBY = — 597 gk g2 d,

where the 7 axis is directed to the nearest
neighbor of the paramagnetic ion in the &7 plane
which is perpendicular to €, where d =%,
and where a is the largest direction in the ele-
mentary cell.® For double nitrates of the rare-
earth elements® Blj? = 32gt.d and for Hyle we
have €€

(AV)2yg = (18 PRyt D) fem (x* + 3x2 + 2) 4 0.5 ¢2m

1(#])
+ 1.5+ B, x=g1/g1 (6)
where g, and gj are the factors of the spectro-
scopic splitting.
For ethyl sulfates of the rare-earth elements,
the term arising from 3Cq has the form

(g = 407 (229 g4 4 cost (g7 /) (553 g% + 147 g% ¢2)
+ sinztp(gi/gz) (101 g‘_‘L + 534 g4+ 871 a2 gi_)},

. 7

c=p*/16h% g*=g? coszqa+g3_51n24), N

where ¢ is the angle between Ht and e.

In conclusion, the author expresses his thanks

to Professor S. A. Al’ tshuler for suggesting this
topic and considering this paper.
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THANKS to the presence of a gap in the energy
spectrum of superconductors,‘ the number of elec-
tronic excitations and hence the electronic thermal
conductivity is exponentially small [~exp (- Ty/T)]
for T <« Tg (T is the temperature of the transi-
tion to the non-superconducting state). For T <«
Tk the principal role is therefore played by the
lattice thermal conduction, which is connected with
the reflection of phonons from boundaries and the
scattering of phonons by impurities and lattice de-
fects (the phonon-electron interaction is inappre-
ciable in view of the fact that the number of elec-
tronic excitations is very small for T < Ty),
while it is well-known? that phonon-phonon inter-
action does not play a role for T < ®), where
®p is the Debye temperature).

However, for somewhat higher temperatures,
but still appreciably less than T, the electronic
heat conduction k¢ becomes comparable with the
lattice heat conduction and can even exceed it for
not very impure specimens. Clearly the largest
contribution to k¢ is then given by the scattering
of the electrons by impurities. Only for T S Ty
can the interaction of the electrons with the phonons
and with one another also play an appreciable role
for «ke.

We consider the scattering of electrons by im-
purities. Let the Hamiltonian of the interaction of
the electrons with the impurity atoms for the nor-
mal metal be of the form

H = 2 (@ 0, T 0 B, ) View
k
(3 and -1 are the spin coordinates, and ak,+L
the amplitude in second quantization). According
to Ref. 3 the electronic excitations in superconduc-
tors can be described by new amplitudes

+ + .
Gxg = UpQk, 1, — UrA K, —1p; k1 = UrG—k, —1, T Ur0K, 11,

uz -
v: = S (145 VE(D) T 8); 1)

kR

£ = (p* -p})/2m = vy(p — py) is the energy of a



722

normal electron, reckoned from the Fermi surface
(p=pg), and A(T) is the value of the gap in the
energy spectrum.

Expressing the ay in terms of the ak we find

H' = D) (unttrr — 00w) (oidgotire 4 oi0tien) Vider-
k

We have omitted here terms of the kind aﬁoai:,
and ao@k’y, which describe the creation and
annihilation of a pair of excitations; these proc-
esses are not possible in the case of elastic colli-
sions with impurities. For elastic scattering we
have

2‘ 2 -1
Unllyr — UpUp = Up — U% = § (A2 + £2)7,

The scattering probability is determined by the
equation

2
o = 25 | H' fopgs 0, =g 20,
The energy of an electron excitation € is of the
form!? €= VAZ(T)+ £ [A(T)=0 for T=Tgl,
so that pg =~ dQp}h~3¢/|£]v,. We see that for elec-
tron excitations in a superconductor the probability
of scattering by impurities differs from the scat-
tering probability w, in normal metals by the fac-
tor (uf< - vf{)2 = £%/€® which occurs in |H’ gb’
and by the factor €/|£|, which occurs in pg. Thus,
w = ([&]/€) w,.

Let us assume that there is a temperature gra-
dient 8T/8x in the superconductor. The electrical
field in a superconductor is then, in contradistinc-
tion to a normal metal, equal to zero. However, in
the equilibrium state the current of the normal
component j, is completely cancelled by the op-
posing superconducting current jg(j =Jp+ Js=0)
(Ref. 4). We write down the transport equation for
the distribution function f of the excitations,

0f 0c o 0c _ |E|fo—F

so that

Ofg & 0e OT _ |E|f—F
0 T op, 0% = & m (2)

where T;, the relaxation time for the normal elec-
trons, does not depend on the energy; Ref. 5 gives
an expression for 7); on the left-hand side, we
have substituted for f the equilibrium function f;
fp=[exp(e/®) + 1]7! (see Ref. 1); ®=KkT.
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From Eq. (2) we can find f; =f - f; and we can
evaluate the heat flux

- T _ 2 Pgm
Q=2*\vsfidpi x=—Q /5 =5 e F(T);

-1

Fih= 9"§52§~ﬁ°de=ézéi(exp(%) +1)7 @)

+ 28 3 (—1)""es210 /52 4 2A1In (1 + e216);

§=1

Equation (3) describes satisfactorily the experi-
mental data obtained in Ref. 6. The temperature
dependence of A (T) can be found in Ref. 1.

We can estimate the magnitude of the convec-
tive heat flux Qg = TSvy = TSjn/pn, mentioned
in Refs. 4 and 7. Using the expressions for S
and p, of Ref. 1, we can easily show that the
ratio of Qi to the normal heat flux Q@ is of the
order of magnitude k(TTg)Y2/(p%/m), i.e., even
for T ~ Ty it is of the order 107° to 1074

In conclusion I'want to express my sincere
gratitude to L. D. Landau for valuable advice and
discussions and to N. V. Zabaritskii for commu-
nicating the results of his paper® before publica-
tion.
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