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Spin resonance in bulky superconductors of type I and II, including under conditions when surface
superconductivity exists, is considered. The Knight shift in thin superconducting films, which appears
when no allowance is made for the spin-orbit interaction, is also considered.

As mentioned repeatedly in the literature, excitations netic fieldlal (and at all fields in the core of the vortex),
with energy e <A, where a is the superconducting gap, the minimal energy of such levels vanishes. As a re-
exist in pure superconductors. In type-I superconduc- sult, the state density u(e") remains finite-at H>H"!.ot
tors (bulky sample or plate), these excitations are superconductors of type I and at ElE"rfor supercon-
localized on magnetic surface levels,tr'21 and in type-Il ductors of type II.
superconductors they are localized on levels in the core
of the vortex,Itl o" else on magnetic surface levels.tat The vanishing of the minimal excitation energy is
Starting with a certain value il=//z of the external mag- connected with the magnetic field. Allowance for the
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spin leads in this situation, obviously, to_a corre-
sponding splitt ing of the levels: LE=2poll '  where po

is the Bohr magneton and If is the average magnetic
field acting on the excitation. The presence of spin
splitting simultaneously with v(eo)+0 leads to the ap-
pearance, even at 7:0, of a paramagnetic moment.
The susceptibility X, is then determined, as usual, by
the state density v(e"). fi is easy to show that in a1l the
listed cases the value of z(er) per unit volume in which
the corresponding levels exist is of the order of the
density of states in the normal metal; by the same token,

Xs turns out to be of the order of 1n. Let us examine the
results of these singularities of the excitation spectra
in superconductors.

We note first that in thin films, in which the Knight
shi-ft is usually measured, we have Xs -X, at H> H"
(even if ?:0). In weaker fields (I/<flr), Xs vanishes
(at T:0). Consequently, in a strong magnetic f ield
parallel to the film surface the Knight shift remains
finite even without allowance for the spin-orbit interac-
tion. A similar behavior of the Knight shift in spheres
and cylinders of small radius was obtained in [5].

It should further be noted that in bulky samples there
should be observed a spin resonance at the frequency of
the corresponding splitt ing energy, namely A:2pJl/fr.
This frequency, however, depends on the quasiparticle-
motion parameters. As always, the resonance frequen-
cy is the extremal or limiting frequency, and this de-
creases the amplitude of the resonance and determines
the line shape. For magnetic surface levels, F is
several times smaller than the external magnetic field
and depends on P" and P" (spherical Fermi surface) or
on P, (cylindrical Fermi surface); the axes r and e lie
here in a plane parallel to the sample surface, and P,
and P" are the momenta of the excitation along the
axes r and e, respectively. The dependence of the
resonance frequency on the parameters of the motion
also causes the spin relaxation time to become equal to
the free-path time, since the particle leaves the reso-
nant group as a result of any scattering act. We note
that here, just as in the case of any resonance with a
selected group of carriers, one can use the relaxation-
time approximation.t6l A distinguishing feature of spin
resonance in a superconductor is that excitations with
e=0 cannot leave the skin layer. This leads to enhance-
ment of the resonance relative to the situation in the
normal metal,l?l but the dependence of Q on the momen-
ta, as shown, decreases the amplitude of the resonance,
As a result, resonance in a superconductor differs in
ampLitude from resonance in a normal metaltTl by a
factor

, /d 7r

where r and ?" are the momentum and spin relaxation
times, respectively, 0 is the depth of the skin layer,
and 6"r, is the effective depth of damping of the magnetic
moment.lTl The frequency difference (by a factor of
several times) makes it possible to separate the ab-
sorption on the surface from the spin-resonance proper.

The levels in the core of the vortex are localized at
distances on the order of { (the pair dimension), i.e.,
they are in a practically homogeneous magnetic field'

and all the excitations take part in the resonance; the

relaxation time is then the spin-flip time. The reso-
nance frequency does not depend here on the external
field and mahes it possible to measure the field at the

core of the vortex, while the amplitude of the resonance
is proportional to the external magnetic field (to the

number of vortices). In the case of an external field
paralLel to the surface of the surface of the sample, the

excitations with e :0 do not leave the skin layer, and in

comparison with the situation in the normal metall?l the
resonance is enhanced bY a factor

p  S e r t
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while the line shape becomes Lorentizian. If the ex-
ternal magnetic field is perpendicular to the surface of
the sample, then it is necessary to take into account the
diffusion of the spins, and all the processes proceed as
in a normal metal. We note also that, owing to the
character of the motion of the excitations, the resonance
is not sensitive here to the value of the spin relaxation
on the surface, a quantity concerning which little can be
said under ordinary circumstances.

In the region of existence of surface superconductivity'
as shown in [8], excitations with e :0 (the analog of mag-
netic surface levels) occur near the surface, and the

excitations with e :0 that move from the interior of the
metal experience reflections from the superconducting
layer, so that this is equivalent to strictly specular
conditions. The spin resonance tales place here both
with the surface and with the volume excitations. If the
spin scattering by the surface is immaterial, and the
magnetic fieLd is practically homogeneous, then the
situation is analogous to the already-discussed reso-
nance in type-tr superconductors. In the case of strong
scattering of spins by the surface, the absorption is
determined by the volume excitations, which are not
a.ffected by this scattering. Thus, the character of spin
relaxation on the surface can be ascertained in this case
from the shape and amplitude of the line.
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