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It is customary to consider at present the electro
magnetic processes in superconductors, as being descri
bed by the equation

rot Aj =  —- i - H ,  (1)

where j — the density of superconducting current and 
A — a constant j1'2). Equation (1) together w ith  the 
equation of the type dA\ jdt  =  E, which has to be 
used in a variable field, has a hydrodynamical cha
racter. Nam ely, in the case of a charged liquid in a 
magnetic field the generalized condition of the absence 
of vortices of the velocity v is

ro t v ---------— BL (2)

Since j —env , where n for superconductors is the num
ber of “superconducting electrons’5, equation (1) is 
im m ed ia te ly  obtained  from (2) if we put А —mfcPn. 
The number n, and hence A, depends upon the tem 
perature and at the tra n sitio n  tem perature n =  0 
and A =  oo (2) .

W e note here th a t w ith in  the frame of the theory 
based on equation (2), the number n m ust depend 
upon v or, which is the same, upon H  and, therefore, 
the equations for the current and the field in super
conductors are non-linear, the fact already em pha
sized by the  author (3,a).

This conclusion may be sim ply reached, starting  
from L a n d a u ’s qualitative scheme (4) [see 
also (2)]. The superconducting charge decreases when 
the  tem pera tu re  is increased, owing to the increase 
of the number of excita tions in the electronic liqu id . 
In  the presence of a m agnetic field  and, therefore, 
when v ф 0 excita tions are on the average at res;', 
w ith respect to the la ttice  (if the norm al cu rren t is 
absent). Thus they  move w ith  respect to the supercon
ducting liq u id  w ith a velocity  v. In  th is case the 
num ber of excitations and the num ber n depend upon 
v as i t  follows from the G ibbs’ d is tribu tion  for the gas, 
m oving as a whole [see (4), § 5].

In the case of superconductors the dependence of 
n upon v may appear to be strong, since in the  field  
of the order of the critica l field H c the velocity v is 
com parable w ith the excitation velocity. In the 
linear theory on the  plane interface v =  [ejmc) д Ч , 
where 8 is the penetration depth. Therefore, in the 
field  of the order of several hundreds gauss and for 
d-wiO-5 cm (3), we have v 104— 105 cm /sec.

Preserving equation (1) and using the equation 
arotH =  (4«/c) яv, we get for v:

If и = const this equation coincides, of course, w ith  
that obtained from (1). The function n (v) can be found  
if the excitation spectum is given. We shall not con
sider this problem here. The very general conclusion 
consists in the weak dependence of n upon v in weak 
fields; this dependence, however, becomes a sharp 
one in strong fields.

The non-linearity of the electromagnetic pheno
mena in superconductors must manifest itself in the 
following experiment. A solenoid w ith a superconduct
ing core is fed w ith the current of the frequency со; 
then an emf must be induced in the coil surrounding 
the solenoid having a frequency spectrum o>, 3co, 5o>, 
7«, and so on. Even overtones are absent, sin ce  
the fie ld  in  the superconductors is  an odd function 
of the external field. The ratio of amplitude of the 
successive overtones in the field  H  ~ H C may be of 
the order of unity and in general of the order of (HI H c)2 
If n (v) = n 0 (1 — a2v 2), where a2̂ 2 <C 1, the problem  
can be solved exactly. In this case the ratio of the  
amplitude of the harmonic 3co to that of the princi
pal one o> is

MS'.)'
with Sg =  mc2/ \n e 2n0 and # 0 — the amplitude of the
field of the solenoid.

It is to be noted that not only equation (1) but 
also the more general equations (2), (3) cannot be 
considered as being proved either by experim ent or 
in a theoretical way. It is proved only that the magne
tic field  does not penetrate into a superconductor, 
which confirms equations (1)— (3) only qualitati
vely. The use of equation (2) requires a possibility  
to describe the superconducting current classically  
which cannot be grounded a priori. An attem pt to 
construct a self-consistent theory based on equation 
(2) has been made by L. Landau and the author. 
Such an attem pt meets d ifficulties since the surface 
energy of the boundaries between the normal and 
superconducting regions turns out to be negative.

A certain indication of the failure of the classical 
descrip tion  o! the  superconducting  current gives 
the fac t th a t  the zero energy of excitations in 
superconductors is of the  order of b 2n/md ~  1 (for 
3 ~  10*5 and  ?? — 1022> an d , therefore, is la rger than 
the m agnetic energy д Б 2/ 8 тс — 0.1 (at II — 500).

Thus, the penetration depth in superconductors 
is comparatively so sm all, that the classical descrip
tion may appear to be inconsistent.

The conclusion, concerning the existence of the 
non-linearity in the superconductors, is obviously  
much wider than the conclusions obtained directly 
from  equation (2).

I am very obliged to Prof. L. Landau for the discus
sion of the problem.
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