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vhere o is the electronic coefficient of sound absorption, and Ko the electronic thermal con-

ductivity,

€0

and n is the electron density.

Putting t(e) ~ ¢’ and considering a nondegenerate electron gas, we obtain for € << KT

VT = - ——[1 + (v /x, i 9‘5 TT@%“}% ’ )

We see that in this case the heat rise is produced in that end of the sample in which the

>> kT) we have

sound "enters" (since v > -1). In the other limiting case (eo

—‘5 -1 T 2
VP s [ (kr/8g)] (co/x1) ™" TL(7 SR i "

Thus, the effect reverses sign when the frequency of the hypersound is raised.
Let us estimate the magnitude of the effect. Putting Ko 2 k. we get for ¢ < kT,

L 0]
m~o0.,dm, q~ 10% em™%, =~ 10 eV, and T ~ 10°K
e

] ~ 10t ( 258y (L.
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1. At present there are two types of lasers: with resonant feedback [1] (the feedback
is produced by reflection from the mirror system), and with nonresonant feedback [2] (feed-
back due to back-scattering). In this note we consider the possibility of producing optical
lasers in which autoresonant feedback is realized by reflecting the light from a three-
dimensional phase lattice produced in the medium by the laser's own light wave.

In a laser with resonant feedback the resonance frequency is determined by the geometry
of the mirrors and is dictated by external factors. 1In a laser with autoresonant feedback

the position of the resonance in the established mode is determined by the frequency of the
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maximum gain of the active medium. This is of interest for the development of optical lasers
with stable emission frequency.

2. The three-dimensional periodic variation of the refractive index of the medium in
a standing light wave can be the result of diverse mechanisms. For example, in a strong light
field the refractive index depends on the intensity I (Kerr effect, electrostriction): n = n,
+ I{dn/dI). Ancther possibility is that the medium becomes heated by absorption of the radia-
tion of the standing light waves, with the source of heat having a spatial distribution with
period X/2. This leads to a periodic change of the temperature and consequently to a change
in the refractive index n = n, + 3T(dn/dt).

The coefficient of reflection of light of wavelength A from a three-dimensional phase
lattice of length { and period n/2 with change 8n in the refractive index amounts to r
= (24/X\)8n. Consequently the coefficient of reflection from a phase lattice, resulting from

the nonlinearity, is

re2p 20, (1)
By way of an example let us consider a lattice in liquid CS,, for which dn/dI = 1077 (MW/en)™1
[3], and a ruby active medium (A = 7 x 10”5 em). At a radiation intensity I = 1 MW/cnf and

at a lattice length £ = 35 cm the reflection coefficient is r = 10%. If we use as the second
reflector a dense mirror (see the figure), then the threshold gain per passage is k = r‘l/2 = 3,
Such values of the intensity and of the gain are perfectly feasible in lasers using luminescent
crystals and glasses.

The coefficient of reflection of

S _ E light from & thermal phase lattice in a
A SITLIENEFL VLI BINLN i —_i L
TN LTI 7 Z_4 medium is r = (2¢£/\)8T(dn/dT), where OT
,// 2 3 is the amplitude of the temperature

change., If the lattice length £ is much

larger than the radius a, then
Diagram of laser with autoresonant feedback: 1 -~
three-dimensional phase lattice, 2 -- active
medium, 3 -- mirror.

2
) (a>2),

®l>

P
5T—K—[(

where P is the radiation power absorbed in the medium and k is the thermal condictivity of the
medium. Consequently the coefficient of reflection from a thermal lattice is

2P ( % )2 on (2)

I“Zﬁ ﬁ.

Let us consider, for example, a thermal lattice in a liquid with dn/dT = 107% deg™?
and k = 10-2 J/sec-cm-deg, of dimensions 2a = 1 cm and £ = 10 cm, produced by absorption of
a radiation power P = 1072 W at a wavelength A = 3.5 p. In this case 8T =~ 10”7 deg and r
= 107%, and the threshold gain per passage is k = 10-3, This gain is perfectly attainable
with several transitions in gaseous active media, for example in Xe at A = 3.5 ., where the
gain is 50 dB/m [&].
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3. A feature of a laser with autoresonant feedback is a hard self-excitation mode
(similar to a laser with an atomic beam [5]). For self-excitation of such a laser it is neces-
sary to excite first generation in one axial mode in a laser with an ordinary Fabry-Perot res-
onator, inside ef which is placed an optical medium suitable for the formation of the phase
lattice; after a radiation power sufficient for self-excitation by the phase lattice is at-
tained, the reflection from one mirror is eliminated. The generation will occur first at the
frequency of the resonant mode of the Fabry-Perot resonator, but gradually the generaticn fre-
quency will shift toward the center of the atomic line. The process of shifting the genera-
tion frequency depends essentially on the inertia of the phase lattice. A nonlinear phase
lattice has practically no inertia (t < 1071° sec). However, the inertia of a thermal phase
lattice is appreciable, and this necessitates careful insulation of the laser against mechan-
ical vibration and other factors capable of rapidly changing the distance between the mirror
and the phase lattice. 1In the steady state the generation frequency is determined by the
frequency of the maximum gain. Therefore a laser with autoresonant feedback is of interest
for the development of optical lasers with stable radiation frequency.

4, Three-dimensional phase lattices produced by the laser radiation field can also be
used in ordinary lasers for the selection of axial modes.

I am deeply grateful to N. G. Basov for a discussion of the problem.
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Substances of the type ABFa;, where A is a diamagnetic ion and 82" is an ion of a
3d-group metal, usually have a perovskite structure and are compensated antiferromagnets
which sometimes have weak ferromagnetism because of the small noncollinearity of the mag-
netic moments.

However, RbNiFs [1,2] and CsMnFs [1,3] have a hexagonal structure, similar to the hexa-
gonal modification of BaTiOs; (space group P6/mme). In this structure the B ions are in two
non-equivalent positions. One-third of these ions occupies fluorine-ion octahedra connected
with their vertices to other octahedra, and two-thirds are in octahedra interconnected by

their faces.

271





