YR, = unele(o)Nz(oJf%|qu|a = 4xe?N, (0) Na(0) b,

we get wltimately

I, = % 2R! ;f sin(@y - z2). (10)
nn
Equation (10) shows that experiment cannot identify the state of the superconductors.

In our opinion, to find superconductors with different £ it 1s necessary to start with
"transition element - principal-group element" structures. The samples, of course, must be of
sufficiently large size so that no Larkin effect [6] appears in any of the cases.

In conclusion we note that in this experiment £ is not a sufficiently good gquantum num-
ber. It is therefore more likely that we will be able to distinguish between superconductors

with different pair multiplicities.
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1) In the more general case, putting X - -k and § - -4 and recognizing that A(-k) = A(K)

and A(-3) = -A(4), we find that the Josephson current equals zero for superconductors with

different pair multiplicities.
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We obtain in this paper the spectral distribution of recombination radiation caused by
the magnetoconcentration effect (electromagnetoluminescence - EML) in InSb at room tempera-
ture [1]. It has been observed that the character of the spectral distribution of EML differs
from the spectra of recombination radiation excited by other known means, and the maximum of
the spectral emission of EML depends on the intensities of the electric and magnetic fields.

Recombination radiation was excited by applying a pulsed electric field to a sample of
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Fig. 2. EML spectra:

1-E =52 V/em, H=5 kOe;
Fig. 1. Pulse oscillograms: a - 2 - E= 200 V/em, H =8 koe;
current through sample, b - photo- 3-E= 90 V/em, H = 8 kOe;
receiver signal. Each major hori- 4 - E= 60 V/em, H =5 kOe;
zontal division represents 1 psec. 5-E= 45 V/em, H= 5 kOe.

almost intrinsic p-InSb placed in a magnetic field perpendicular to the electric one. The
radiation was gathered in a third mutually-perpendicular direction, guided to a monochromator,
and recorded with a photoreceiver of gold-doped germanium. The pulse duration was 2 - 3 usec
at a repetition frequency 2 - 3 cps. A pulsed synchronous detector was used to increase the
signal/noise ratio at the output of the broadband amplifier. The spectral width of the mono-
chromator slit was 0.3 u at a wavelength of 6 u.

Figure 1 shows oscillograms of the sample-current and photoreceiver signal pulses. We
see that the time necessary for the signal to rise to the 0.7 level is of the order of 0.2
- 0.3 usec, corresponding to the time constant of the amplifier employed, and consequently the
signal time constant is equal to or smaller than this value. So low an inertia of the ob-
served signal allows us to assume that the thermal effects are negligible and credit the ob-
served signal to electromagnetoluminescence. The stretching of the trailing front of the sig-
nal pulse is determined by the characteristics of the measuring circuit.

Figure 2 shows the EML spectra of p-InSb with acceptor demsity 5 x 10® cm™3 for differ-
ent intensities of the electric and magnetic fields ¥ and H. We see that with increasing pro-
duct  x ¥ the maximum of the emission intensity shifts markedly toward the short-wave part
of the spectrum, and the spectral-band shape and width are simultaneously changed.

It can be shown that the value of the product ¥ x H determines the concentration of the
excess carriers on the crystal face from which the radiation is observed. Indeed, the theory
of magnetoconcentration effect [2], in the limiting case of a thick sample with intrinsic con-
ductivity (ni),yields the following expression for the carrier density (n(o)) on one of the
crystal faces on which the carrier pumping is effected:
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the rate of surface recombination on the face Y = O,
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My the electron mobility, and b the ratio of the electron mobility to hole mobility.

Thus, the shift of the maximum on Fig. 2 can be connected with the appreciable increase
of the concentration of the excess carriers, which fill noticeably the bottom of the conduc-
tion band, and we are dealing with a unique Moss-Burstein effect.

The shift of the maximum and the broadening of the spectral band may be due, in addition,
to heating of the electron gas under the influence of the electric field.

Since recombination of the non-equilibrium carriers occurs in the case of EML in the
direct vicinity of the crystal surface, and consequently the absorption of the high-frequency
photons plays no considerable role, the heating of the electron gas cannot influence notice-
ably the spectral distribution of the radiation.

It should also be noted that in the analysis of EML spectra it is apparently necessary
to take into account the principal inhomogeneity in the distribution of the carriers, which
causes the observed EML spectrum to be a summary one, consisting of the spectra of the corres-
ponding layers with equal carrier density.

The difficulties entailed in taking simultaneous account of all the foregoing circum-
stances does not permit at present an exact estimate of the density of the excess carriers
near the surface from which the radiation is observed. A rough order-of-magnitude estimate
without account of heating of the electron gas shows that at maximum electric and magnetic
field there are ~10~® carriers per cm® in the immediate vieinity of the crystal face.

The authors are sincerely grateful to A. Yu. Ushakov for constructing and furnishing the
pulsed synchronous detector.
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