The nuclel become self-polarized because the electrons are artificially
kept in a non-oriented state. Indeed, we have assumed that the fluctuation of
the nuclear polarization and the appearance of an effective magnetic field are
not accompanied by a corresponding change of the electron orientation. Such
conditions can be created in practice, for example, in semiconductors when non-
equilibrium non-oriented carriers are produced by light, or by injection of
carriers through a Junction, if their lifetime T is much shorter than the spin-
relaxation time Ty - Otherwlse the critical temperature becomes lower than the

value given in (5), owing to the additional factor TS/(T +'TS). Another effect
that lowers T, may be the spin-lattice relaxation of the nuclei. The corre-
gponding decrease of Tc is described by the factor yv/(v + v), (leakage factor)
where v 1is the reciprocal time of longitudinal nuclear relaxation.

In the absence of an external magnetic field, the direection of the macro-
scoplic nuclear magnetization at T < TC is random {(in the simple model under con-

sideration). It can be shown that a weak external field H << kTC/(guB), with-

out changing the general picture of the phenomenon, makes the orientation of the
macroscopic magnetization of the nuclei along the magnetic field the most prob-
able.
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We consider the behavior of a superconducting film in an external micro-
wave field whose amplitude in a real experimental situation is small compared
with the critical value. Let also the frequency of this field be close to the
threshold 24y, where Ay is the equilibrium value of the gap. The linear proper-
ties of the superconductors at such frequencies have been thoroughly investi-
gated [1], and we are therefore interested in nonlinear effects.

To this end, we obtain the response of the ordering parameter A(t) which
is a small increment to the equilibrium value Ag to an external alternating
field. It is expressed in terms of the Green's function
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Expanding the function F in terms of Aw and the alternating-field po-

£€-w
tentials Kw, we rewrite (1) in an integral form

[Klow) Aw,dw, = fﬂ(wwl)'AmlAw_mldwl+..’. (2)

the right-hand side of which is a series in powers of the field intensity, and
K and a are certain kernels. Without allowance for the dependence of K on the
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potential, we would obtaln for Aw a series in powers of Kz, which corresponds to

perturbation-theory allowance for the nonlinearity. Such a case was considered
in [2], where K(ww;) = (0?2 - 4A%2)§(w;).

We now take into account the dependence of the kernel K on the alternating
field. Equation (2) now takes the form
((1)2 - 4A2) Aﬁ) +I¢AmlAm2Aw—wl-m2dmldwz = fa AwlAm—mld(ul. (3)
By virtue of the foregoing, we are interested only in the solution of the homo-
geneous equation, and discard therefore the right-hand side of (3). In the case
of a monochromatic external field, the left-hand side will contain a term of the
type KwKwA—m’ which corresponds, as it were, to modulation of the natural fre-

quency wo = 2A at a frequency 2w. If 2w is close to double the natural fre-
quency 2wg, then parametric resonance becomes possible under certain conditions

[31.

Let us explain this possibility. To this end it 1is necessary first to cal-

culate the kernel ¢, which is proportional to the Green's function Fse—w con-

taining the two potentials g and one increment to the gap. At an arbitrary tem-
perature, we use for the calculations the procedure of [4], which yields Green's
functions integrated with respect to & = v(p - pe). Integrating over the im-

purities, whose concentration is assumed large, so that ztr is less than either

the coherence length or the film thickness, we obtain for |w - 2A] << A
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where D =_V2tr/3 is the diffusion coefficient, and the entire expression differs
from zero only in the region of the real roots.

Equation (3) thus takes the form (at T << A)

A 3/2 Aw A—w A 3/2
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where (32/m)D(e/c)?A? = A (A1 is the order of magnitude of the critical field
of a bulky sample), and where allowance is made for the damping v v }\A(A/mD)2

('I‘/A)7/2 calculated in [2]. It is seen from (4) that the role of the field re-
duces not only to a modulation of the
natural frequency of the oscillations,
but also to its renormalization. In
analogy with [3], it can be shown that
the gzero-order solution of (4) is un-
stable at a speclified field intensity in
a certailn frequency interval to be in-

w dicated below. The establishment of the
final oscillation amplitude 1s therefore
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connectedwith nonlinearity effects that must be taken into account in (4).

The higher orders of Aw are calculated in analogy with the determination

of the term with KZ. Without dwelling on the intermediate steps, we present
the final equation

A 3/2

A 3/2 A‘mA'-w
24 iy - 4AY) A A2< ) , 2(___ )
(0 + 2iye ) o * Y Ai A, +A A ., x
A A A A
w @ 2 2 [ ] _
* Ta2 A, + (44 '“’)f<4A2_wz)‘ 0, (5)

where f(p) = p at p << 1.

To find the solution we put A(t) = A cos wt, and seek A(t) 1n the form
cos(wt + o), Then, getting rid of the imaginary part of (5), we obtain

3/2 A2 A p/2 A?)? .
w? - 4A2 +Az(————é»——) A2 :/{Az( ) - (4yA) +
1

2A - o 2A - w 7?

2 2 A0l (6)
+(4A - )f(4A2-w2) = 0.

It i1s clear therefore that bulldup of oscilllations i1s possible only when the
field intensities exceeds a certain limit connected with the damping of the
natural oscillations. We shall assume this condition to be satisfied and thus
neglect the quantity v in (6).

Approximating the function f with good accuracy by a linear one, we obtain
the two branches of the solution of (6)

A 3/2 A2] 1/2
1y _ 2 _ 2 f —_
oot ]
(7)

(2) 2 2y 1/2
Aw =(4A —(‘)) .

The plots are shown schematically in the figure, where
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The lower dashed curve is unstable. The gero-order solution 1s also unstable
when w: < w < 2A. This region corresponds precisely to parametric resonance.
Thus, the section AB of 'the upper curve 1s certalnly realized. The maximum
value of Am at w = w; is

A, = 20(A/ A y2) 25, (9)

w

We note that it is not the quantity Aw itself that depends on the field, but

the region of instability of the zero-order solution. An essential feature of
the phenomenon in questlon 1s that the correction to the gap varies with the
frequency w of the external field, whereas unually only the harmonics of 4 at
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the frequencies 2w, 4w, etc. vary. This leads to a current harmonic 2w instead
of the usual 3w:

frw = = — (BA),, (15 + 18i). (10)

The experimentkygn thus yield the following: in the frequency region
(24 - w)/A v (A/A7) below the threshold there is a signal re;lected from the
film, with frequency 2w and relative magnitude j2m/jw v o(A/8)3%8.

The foregoing calculation pertain to the case of a low temperature, T << A,
In the temperature region T v A, all that occurs in addition to the increased
damping Y is a renormalization of the coefficients.

I am grateful to G.M. Eliashberg for a discussion of the results.
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Theoretical calculations show (cf., e.g., [1 - U4]) that molecular solid
hydrogen should go over into a metallic state at a pressure of several megabars.
There have been several studies of the thermodynamic properties of the molecu-
lar [1, 2] and metallic [3, 41 phases, and the pressure of the transition has
been estimated. It will be shown below that the pressures needed for the tran-
sition can be attained by lrradiating a hydrogen target with a laser pulse of
speclal waveform; the waveform of the pulse will be determined and the pulse
parameters in the target will be estimated.

A high degree of compression at a relatively small temperature rise can be
obtained by compressing the substance adiabatically and preventing the formation
of strong shock waves., The possibility of realizing by laser irradiatlion a com-
pression close to adiabatic, with a degree of compression n/ne " 10*%, to obtain
a thermonuclear reactlion with a positive yield, is discussed in [5]. In our
case, the necessary degree of compression is of the order of 10, so that many
complications considered in [5] are avoided; in particular, there is no need for
spherically-symmetrical compression, and the radiation Ilntensities obtainable
from present-day lasers turn out to be sufficient.

To obtain adlabatic compression under laser irradiation, they used in [5]
the fact that the thermal wave initiated by the laser pulse and propagating at
subsonic velocity (the so-called wave of second kind, see [6]) acts like a pis-
ton and produces a compression wave ahead of it. The law governing the piston
motion is determined from the requirement that the discontinuity in the com-
pression wave occur not earlier than a certain specified instant of time. The
complete determination of the optimal regime calls, of course, for numerical
calculations similar to those in [5]. Such .calculations are rather laborious
and their actual accuracy is low, since the equation of state of hydrogen and
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