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When the temperature of a superconductor approaches the critical value, nonlinear
effects assume a role even in weak alternating external field, since the critical field of
the superconductor tends to zero. Using the calculation method developed in [1], we in-
vestigated several such nonlinear effects, viz., generation at the frequency 3w0 and genera-
tion of combination frequencies, and we calculated the surface impedance of a superconductor
in a strong alternating electromagnetic field.

It was assumed that the superconductor is pure with respect to its equilibrium pro-
perties, £ >> 50, but contains a small amount of impurities, so that the skin effect is
normal, ds >> % (2 is the mean free path, 65 the depth of penetration of the field, and EO
the correlation parameter). In the temperature region 1 - T/Tc << K2 this makes it possible

to write down for the current the expression (1 is the free path time):
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In order for the question to be of experimental interest, theAregion l1- T/Tc << K2 is
assumed to be sufficiently large (x ~ 1), It is known [2] that the behavior of a super-
conductor in an alternating field depends on the ratio of the frequency of the external
field wg to the frequencies Ql and QO characterizing the dynamic behavior of the electro-
magnetic field and of the parameter A(r, t). In our case, using (1) and the formulas of

[3], it can be shown that 2 2
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Using the results of [l], we can also show that at external-field frequencies wo << Qo’the

‘gap responds to the instantaneous value of the field, and satisfies at temperatures

l- T/Tc << K2 the Ginzburg-Landau equation, in which, however, the field depends on the
time as a parameter, At frequencies wy >> Qo we can use for the alternating part of A(r, t)
the equation obtained in [4]. These equations form, in conjunction with Maxwell's equation,
a closed nonlinear system whose solution was obtained by perturbation theory using the
small parameter HO/Hc' where Hj is the amplitude of the external field and Hc(T) is the
critical field.

1. Third-harmonic generation. If an electromagnetic wave of frequency wy is incident

on the superconductor, then the presence of the harmonic 2w0 in the oscillations of the
gap gives rise to a current of frequency 3w0, leading to radiation of the correspondlng

field harmonic. We calculated the power conversion coefficient n(3w0) = ]a(3w)| = IE

(3m0)/Einc(wO)

ref

2 for the case of a half-space. The expression obtained for a(3wo) is:
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The integral in (3) can be calculated in elementary fashion, but we shall not present the
result, which is too unwieldy. We confine ourselves to the limiting cases (Hco is the
eritical field at T = 0)
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The quantity ny is related in cbvious fashion to the ordinary formulas for the correction

to the depth of penetration of an optical field [5].
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It is seen from formules (4) - (6) that n, as a function of the temperature, has a
sharp maximum provided 99 max A2/TT§ = (l/r)8w2/75(3) (1 - T/Ta). At these frequencies
0 > %0 mex the field penetrates into the metal to a depth ds << GSL' Inasmuch as Ql and

EZO depend on the temperature, we see that by choosing a sufficiently low freguency of the
=3 8

external field (at 1 - 'I‘/Tc ~ 10'2 and £ = vt ~ 107° cm we have 9y max 107 - 109 Hz), it

is possible to realize any of the aforementioned three situations by varying the temperature.

W

By using the "joining" method [6], it is possible to calculate n for a large field

amplitude in the frequency range £, << w, << §.. In this frequency range, the field is

1 0 0
determined in first approximation by the skin effect, and the superconductivity is not des-

troyed even in strong fields. The spectrum of the reflected signal contains all the fre-
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quencies mo(2k + 1) (k = 0, 1, £2, ...). If K(HOHc)z(Gs/cSE)S >> 1, we have
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The conversion of the energy of the incident wave into the energy of the higher harmonics
leads to an appreciable change of the character of the reflection at the fundamental fre-

quency wy. We present the result for the surface impedance in a strong field:
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2. Combination frequencies. When two electromagnetic waves with close frequencies

wy and w, are incident on a superconductor, reflection is produced at combination fre-
quencies, particularly at the freguency 2wl - uge In analogy with the preceding case, we
calculated the conversion coefficient n(2wl - w2), which also has a sharp temperature

maximum under the condition W, by ~ Ql. We present the results for the most interesting case,

<<

when w., - w, 1
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In conclusion we note that experiments in which similar phenomena were cbserved vere
performed, unfortunately, only on films [T].
The author is grateful to L. P. Gor'kov and G. M. Eliashberg for formulating the

problem and continuous help with the work.
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