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It is shown theoretically that weakly-damped oscillations of the longitudinal electric field and of the phase 
of the order parameter, with spectrum w = k V, can exist in superconductors with low impurity 
concentrations. These excitations are associated with oscillations of the difference in the populations of the 
branches of the quasiparticle energy spectrum. 

PACS numbers: 74.20.Gh 

It has been shown recently in a number of papers that 
a longitudinal electric field can exist in a superconduc­
tor. In a zero-gap superconductor the characteristic 
length scale of the variation of the field is the correla­
tion length [1, 2], while in an ordinary superconductor 
with a gap. where the presence of the electric field is 
associated with the difference in the populations of the 
branches with ~ > 0 and ~ < 0 (~ = p2/2m - EF) in the 
quasi-particle energy spectrum, it is the length over 
which ~uilibrium between the branches is estab-
lished [3, 4]. Below we shall show that, near Tc in a 
superconductor with a gap (t. ~ 0), weakly-damped os­
cillations of the longitudinal electric field and of the 
phase of the order parameter can exist. In this case too, 
the appearance of the field is connected with the imbal­
ance in the populations of the branches of the quasi­
particle spectrum. 

To find the characteristic oscillations of the system 
we shall make use of the kinetic equation obtained by 
Aronov and Gurevich [5], which is valid for perturbations 
with wave vector k and frequency w such that w, kv, II 

« t.. where v is the Fermi velocity and II is the colli­
sion frequency: 
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Vs is the superfluid velocity, X is the phase of the order 
parameter and ~ and qJ are the gauge-invariant and elec­
tric potentials. We assume that the potential A is equal 
to zero, since perturbations of the current, or, conse­
quently, of the magnetic field, do not occur in the oscil­
lations under consideration. 

Assuming that the quantities ~ and v s arising during 
the oscillations are proportional to exp(-iwt + ikx), we 
shall seek the solution of Eq. (1) in the form np = no(E) 
+ n. + n-, where n. and n_ are the corrections to the 
Fermi distribution function no(€') that are symmetric 
and antisymmetric in the momentum Px' We shall 
linearize (1) with respect to ~ and vS' We shall assume 
the frequency w to be large compared with the frequency 
of the energy relaxation, and, therefore, in the linear­
ized collision integral we shall retain only the expres­
sion IIn- corresponding to the elastic scattering, where 
we assume that II is independent of E. For frequencies 
w « II we have 
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(2) 

where 

D=(k'v,'/3)-iwv. no'=-[4Tch'(8/2T) ]-', 
fl.=p.lp, v,=v(,Ie). 

Since n. is odd in ~, the appearance of the potential and 
superfluid velocity in the superconductor leads to re­
distribution of the quasi-particles over the branches of 
the spectrum and, to within terms of order TiEF, does 
not lead to a change of the total number of quaSi-parti­
cles or, therefore, to a change of the energy gap t.. 
This means that the oscillations of the gap occur inde­
pendently. In the equilibrium case they are damped. 

We shall obtain the dispersion equation for the free 
oscillations from the Poisson equation and the equation 
of continuity (this, as pOinted out in a number of papers, 
does not follow from the kinetic equation). In the case of 
good conductors these equations reduce, to within terms 
of order (k/kF)2 (kF is the Thomas-Fermi screening 
length), to the equations 

6N=O, div j=o. 

The current density and particle-number fluctuation 
calculated by means of (2) have the form 
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and Ns is the density of superconducting electrons. 
Under the condition t./T « 1 we obtain from (3)-(5) the 
follOWing dispersion equation: 
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In the frequency range 

v(~/T)"<w<v(MT). 

which corresponds to 

v(l-T/T,) <w<v(l-T/T,) "', 

Equation (6) has a solution corresponding to weakly­
damped oscillations with the spectrum 

w=kV-iV(..!... ~(3) (~)' +"!"'(!!:"')']. 
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where the velocity 
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We note that in obtaining (7) from (6) we can neglect the 
terms (kVg)2/3 compared with WII in the denominators 
of the integrands. 

The result obtained is in qualitative agreement with 
the results of the measurements of Carlson and 
Goldman [sJ, who observed collective oscillations with a 
sound spectrum in a narrow range of temperatures near 
T c in a superconductor with a gap. However, they used a 
dirty superconductor (II > t.). Therefore, it is not possi­
ble to make a quantitative comparison. It would be of 
interest to make measurements on clean superconduc­
tors. 

It was shown earlier by Brieskorn et aI. [7J, and also 
by Maki and Sato [8J, that in dirty zero-gap conductors 
there also exist oscillations of the phase, with spectrum 
W = kV l' The velocity in this case differs from the one 
we have found: 

formula V,- (I1/T) 'I, (T/v) 'I,V. 

They pointed out that such oscillations are analogous to 
fourth sound in superfluid helium. 

Baru and Sukhanov[9J have considered the stability of 
a non-equilibrium state of a superconductor against 
fluctuations of Vs for T «t.. At higher temperatures, 
in determining the stability it is also necessary to take 
into account the fluctuations of <1>. Thus, if the quasi­
particle distribution function in the state whose stability 
is being investigated has the form n = no(E) + on(E), 
where on(E) ~ (t./T)2, then Eq. (6) remains valid but in 
place of the equilibrium quantity 

we must take 
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Then the solution of (6) for 

N:<O, kv«:.v(I1/T) 'I, 
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has the logarithmic increment 

N' [(V N')' 4 N' T ]'1' 
1=-v 2~ + 27 - 3110' Y'T k'v' . 

For 

I N'II1 lev>v N T 

the logarithmic increment increases linearly with k. 

We are grateful to V. G. Baru and A. A. Sukhanov for 
discussion of questions associated with the instability of 
the nonequilibrium state. 

Note added in proof(September 25, 1975}. Papers have recently appeared in 
which collective oscillations in superconductors with a gap have been studied ["rl1]. 
In [10] the spectrum of oscillations was obtained on the basis of phenomenological 
equations in the case of clean superconductors. However, the Landau damping, 
which is extremely important in the given case, was not taken into account in this 
paper. Schmid and SchOn [11] showed that collective oscillations can exist in dirty 
superconductors (v > ~). In this case the frequency of the collective excitations 
differs from the one we have found. 
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