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1. In [1, 2] we investigated the electric and magnetic properties of a semiconductor in
the field of & strong electromagnetic wave Z(t) = £ cos wt with a frequency w exceeding the
width A of the forbidden band. It was shown that the stationary state of the system is a state
of saturation, wherein the strong-field absorption coefficient is equal to zero (in the absence
of recombination) (see [3]). In addition, it was shown that in the electron (hole) spectrum

there is a gap near the gquasimomentum Py (see Fig. 1)

A =LeAv,,pg =Vmw-4), h=c=1, (1)
2
>
where Vor is the matrix element of the transition between the conduction and valence bands; the

effective masses of the electrons and holes are assumed to be equal.

We consider in this paper the absorption of a weak electromagnetic field Ki(t) = Kcoswlt
1)

with frequency wy v, and also direct current in a semiconductor in the saturation state.

E(p) 2. Using standard perturbation-theory methods, we obtain the
r average Fourier component of the current in the first approximation
in the weak field Ki
‘#J 3 i i,' (wlq') =K.,-i((01q) A”(w,Q)
ri
~ ) where the imaginary part Ki , describing the absorption is given at
1 H Q>0and T = 0 by (see Eq. (26) of [1])
3 N K el < ui i »
h % 3 jjfl@g)=—— Z v_ (p) vellP)lug 8 (2¢ s 0~y ) =
: 2
A . i) -v88(2¢ - 0 + )], (2)
\
. where
2 2 .2
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upy VR = (1t ——, f,,*% 2 12422,
Fig. 1 2 2me,, 2m

l)A similar method is used in gases, as pointed out to us by I. I. Sobel'man.

316



If the frequency difference is larger than the gap, |w - wll >> A, then we get from (2)
eZ

Ky =8, K0, Kl ) =t—=——1v,,12m/2Va; A, 0% o (3)

245 ’

which coincides with the results of [3, 4], where the absorption of the additional field was

considered without allowance for the gap. The minus sign corresponds to negative absorption,

since population inversion is obtained for the frequency W < w.

In the region Iw - wll < 2\ the absorption of the field Al differs noticeably from that
predicted in [3, 4]. In the case of an isotropic gap Xp = A = counst, the gbsorption coeffi-
cient

Klo) =0, |o-w;l g 22 (4)
vanishes in the region of UA. If we put AP = A cos 6 [1], we obtain for pg/Zm >> A
2 2
Kla,) = Sre ol Ve {acos24 + bsinZé 1, (s)
64w,
6 5 . wy -

a=x3,b=§-x(l—-'3-x2), x = >

¢ is the angle between K and Kl' Thus the absorption becomes anisotropic and at ¢ = 0 it
practically vanishes in the interval A. Comparison of the frequency dependence of the absorp-~
tion (4) and (5) with the result of [3] is made in Fig. 2. The presence of a gap in the
spectrum causes the absorption coefficient to vanish in the region of frequency variation

(of the order of \), whereas the results of {3, 4] call for vanishing only at the point w =

w This result may be important for the theory of the semiconductor laser.

: 3. Let us consider the conductivity of a semiconductor in a constant homogeneous field
EO at T = 0. It is obvious that in the case of an isotropic gap A the current is equal to zero
ir Eb is small. Indeed, the electrons cannot acquire energy for the seme reason as in a com-
pletely filled crystal band. For an anisotropic gap, the current is equal to zero when ﬁo is
parallel to A. This can be shown by using formula (33) of [1] and taking into account the fact

that when E = 0 the longitudinal and transverse conductivi-

ties coincide. For example when EO is parallel to K, %KFWJ “
K(Q) L
o =lim ~02 =0,
Q-0 0

where Q@ is the frequency of the field EO' In the case of a
finite temperature, the conductivity becomes different from
zero because of the thermal spilling of the electrons through

the gap. Determining the density n of such electrons, we

eff
can expect the conductivity to take the form

= 2
o=re‘n .. /m,

where 1t is the momentum relaxation time, and
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s | e -MT), Ap = A

n ~p
g2~ Po
© (T/A)3, Ay = Acos 8, B, lIA -

When the field EO is increased, "breakdown'" occurs, wherein the electrons jump through
the gap as a result of the energy acquired from EO'
We note in conclusion that an experimental investigation of the effects under consider-

ation is feasible at the present time. It calls for fields E = 3 x th - 105 V/em with A ~
3% 1073 - 1072 ev.

The authors are grateful to V. M. Galitskii for useful discussions.
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The sensitivity of resonant detectors for gravitational waves can be increased, as noted
in {1], by increasing the initial displacement, this being accomplished by introducing a rigid
(at the given frequency) rod in a bresk of the resonant coupling. In addition, one can use
as a mechanical amplifier of resonant oscillations (as will be shown below) a system with two
degrees of freedom. Such a detector is illustrated schematically in the figure.

Let us estimate first the permissible rod

m, m 1 length in the field of a gravitational wave de-

fined by a parameter h and a frequency w, i.,e.,

the length at which the condition A% << [ is
still satisfied (here A% = FL/ES is the quasi-

static displacement of the ends of the rod, and

¢ = h&/2 is the reduction of the spatial distance £ in the field of the wave). Rewriting the

condition in the form f = nAL (n >> 1) and substituting in A% the expression for the force

F = wemlh/h {2], we obtain for % after simple transformations
2 v
e - /L = (1)
n @

Wwhere vy is the velocity of propagation of the transverse oscillations in the rod.
Let us consider now a resonant system with two degrees of freedom (corresponding to one
half of the detector, since the center of mass of the system is at rest in the field of the

wave). The damping in the system is détermined by the friction forces acting on the masses:

[m¥, + (kg + ky)x; = kyx, + Hyx, = F,
<. . (2)
(m %, + kyx, - kyx, + Hx, =F, .
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