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Abstract. A theory has been developed for radiative collisional generation of sound (RCGS)
by single-pulse optical excitation. In a mixture of ‘resonant’ and buffer gases the light
pulse is shown to give rise to the pressure pulse-acoustic signal due to light-induced drift
(L1D). The dynamics of spatial-temporal characteristics (amplitude, shape and duration)
of the acoustic pulse and their relation to the dynamics of the signal spectrum have been
investigated. The orders of the quantities characterising the acoustic signal and the elec-
tromagnetic radiation stimulating it have been estimated under typical experimental condi-
tions. The calculation may serve as the theoretical basis of a method of investigating the
collisional parameters of excited atomic particles by employing pulsed lasers and high-
sensitivity optoacoustic spectroscopy techniques.

1. Introduction

In recent years much interest has been drawn to the phenomenon of light-induced
drift (Lip) of gases, which consists of light stimulation of counterflows of the com-
ponents of gaseous mixtures (Gelmukhanov and Shalagin 1979, Antsygin et al 1979).
Under non-stationary conditions the LiD effect may result in a radiative collision
generation of sound (rcas) (Gelmukhanov 1983). The acoustic LID signal contains
important information on the scattering cross sections of excited atomic particles
obtainable by using the highly sensitive technique of optoacoustic spectroscopy (Pao
1977). Earlier (Shalaev and Yakhnin 1984) we showed the advantages of using pulsed
lasers to generate LiD sound when the pulse duration substantially exceeds the free-path
time of the particles 7;. However most lasers produce light pulses of duration ranging
from 107° to 107'%s (Q-switched and mode-locked lasers). For gas pressures of the
order of (1-10) Torr, which is typical of LiD experiments (see e.g. Antsygin et al 1979,
Werij et al 1984), these pulses are short in the timescale ;.

The present paper develops the theory of rcas for an arbitrary relation between
the light-pulse duration and the free-path time of the particles. Unlike our earlier
paper (Shalaev and Yakhnin 1984) studying spectral characteristics of LiD sound, this
paper concentrates on the analysis of its integral spatial-temporal characteristics. The
generated acoustic signal is treated as a pulse of the pressure of the gaseous mixture
with the duration, amplitude and shape varying with its propagation. Under certain
conditions (see § 4) the acoustic pulse reproduces the form of the inducing light pulse.
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2. Basic equations

Let us consider the action of a light pulse of duration 7, on a mixture of an absorbing
and a buffer gas contained in an acoustic resonator of length L. For the energy spectrum
of the absorbing particles we shall adopt the model of two non-degenerate states n
and m (n is the ground state). The evolution of the medium is described by the set -
of kinetic equations

Af, =S, A=3,+05, p=1,8 (2.1)

where f, and S, are the distribution function (dependent on the velocity o, the radius
vector r and the time ) and the collision integral of the component M ; subscripts
#=1 and u=B label quantities referring to the absorbing gas and the buffer,
respectively. In the process of interaction with the radiation, some of the absorbing
particles go into the excited state m. We take into consideration the difference of the
kinetics of the excited particles from their kinetics in the ground state, representing

; in the form
$=S,+85,. (2.2)
The collision integrals S,(¢ = m, n, B) have the following structure:
S, =§: Seu Y=m,nB (2.3)

where the component S,,, describes the collisions of particles of type ¢ with particles
of type . From the laws of conservation of the number of particlest, momentum and
energy in the collisions we extract the following properties of the partial collision
integrals S:

4[ S‘pdl dU=O J(Qwsww+owsw¢)dv=0
) (2.4)
Q. =M,v, M v*/2+¢,,,. :
Here M, and &;,, are the mass and the internal energy of a particle of type ¢
(M =M, =M,; €inm = €inn= Ein1). Using (2.1)-(2.4) we obtain in the usual way
(Cherchiniani 1978) a set of balance equations for the mass, momentum and energy
of the gaseous medium. We write down these equations in a linearised form, assuming
that the medium state is close to equilibrium

3p,+3,d, =0 (2.5a)
3. J,+8,P, =F, (2.50)
2 (ppdie, + Poo,u,)=0. (2.6)
§23
Here
VE1[V? g
= FEDY Sy 2.

(p,d, P g), {Mjfdv[l,v, 3,p(2 M)]}“ (2.7)
(0, V), =(J/p,v—u), (2.8)
Fl.B= :tMI J v(SnB+SmB) du. . (29)

T No quantum transitions m-n are assumed to occur in the collisions. This also accounts for the fact that
in the quantities ¢,,,,, in (2.4) the part of energy related with ‘the degree of freedom, interacting with the
radiation” is neglected.
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Expressions (2.7) and (2:8) should be understood as the equality of column matrices:
for example, p. =M, { £, dv and so on. The quantities (p, J, P, ), are, respectively,
(he Mass density, the mass flux density, the pressure and the internal energy per unit
mass of the component g (p’ and P}, are the equilibrium values of the quantities p,
and P (u, V, F), are, respectively, the macroscopic and thermal velocities of the
component i and the density of the ‘friction’ force acting on this component from
(he other one. Equations (2.5) are the equations of continuity and momentum balance
of the components; (2.6) is the energy balance equation for the gas mixture as a whole.
Equations (2.5) and (2.6) were obtained with neglect of the non-diagonal elements of
pressure (€nsors and heat flux vectors. In hydrodynamics these quantities are respon-
sible for the dissipative processes to be taken into account below in discussing the
roblem of absorption of the acoustic signal.

Furthermore, we shall treat the mixture components as ideal gases and make use

of the typical relations

(P,a,8), = (kTp/ M, .0, T/ M), (2.10)

where k is Boltzmann's constant; T and ¢,, are the temperature and the heat capacity
at constant volume for a single particle of the component u¥. Then using (2.5), (2.6)
and assuming the heat capacity of the absorbing and buffer gases to be identical
(o = Cva=¢,) the following equation for the total pressure of the gas mixture P=
p,+ Py can be derived:

3 7"?”?3
WP =—¢" e AMa, (u, — ug). (2.11a)
Here
W=a;-c%; ¢ =(c,/ e )(P°/ p%) c=c,Fk
o v ; T (2.11b)
(P°, p°% n%) =Y (P° p°% n%, n =p%/M, AM = Mg—M,.

m

Expression (2.11a) is an inhomogeneous wave equation (c is the sound velocity). A
similar equation was obtained by";\j”elmukhanov et al (1985) for the case when the
absorbing and buffer gases are monatomic. In (2.11b) ¢, is the heat capacity at constant
pressure per particle; P°, p° and n° are the equilibrium values of the total pressure,
density and concentration of the gas mixture; n, is the equilibrium concentration of
the component u.

We shall limit ourselves to the case in which the absorbing gas is a small admixture
to the buffer:

n«< ny PI< P (2.12)

Motion of the mixture components in the LID process is due to their mutual repulsion
(force F, in (2.5b)). Hence for pi« py the buffer gas velocity is small and equation
(2.11) under conditions (2.12) may be written down as
P 2 AM 2
WP=—c'x4—-a,,J, c'=(cp/cv)(kT"/MB). (2.13)
1

* The relation from the second term on the RHs of (2.10) is valid for slow development of non-equilibrium
in the timescale of the energy exchange between the translational and internal degrees of freedom of the
particies.
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T is the equilibrium temperature of the medium. The density of the absorbing gag
flow, determining the right part of (2.13), can be found with the help of (2.5b) for
# =1. This equation contains the ‘friction’ force density acting upon the absorbing
gas from the buffer. By definition {2.9), the force F, consists of two parts: F,=F, +F,
related with the scattering of excited and unexcited absorbing particles on the buffer-gas
particles. In the linear approximation F, ~us—u, (a =m, n; u, is the macroscopig
velocity of the @ component of the absorbing gas). However under conditions (2.12)
the butfer gas moves slowly so that

Fi= v = Vpfi = 0~ v,J, r=v,-u, (2.14)

where v, is the diffusion frequency of collisions of the absorbing particle in quantum
state a with the buffer ones; j, is the mass flow density of the ‘resonant’ gas q
component. A qualitative description of the absorbing gas evolution as a whole under
conditions (2.12) may appear as follows. Light-induced drift of this component causes
its inhomogeneous distribution over the space (the gas is drawn towards one of the
ends of the resonator) which results in the diffusion flow counterdirected with respect

to the initial one. If the light-pulse duration is essentially shorter than the time for

establishing Lip diffusion equilibrium (for such equilibrium J1=0), the term 9,P, in
(2.5b), responsible for the diffusion of the absorbing gas, may be neglected. Then '
taking into account equation (2.14) we obtain, for J,, the expression i

J|=5J Jm(t=7)e™""d7, (2-15)'.-:;"

1]

This formula acquires a certain meaning if the value j,, is known. The next section is ':
devoted to calculation of this value. ‘

3. Motion of the excited component

Let the energy interval between the states m and n of the absorbing particles be equal z
to fw,., and let the excited st>*: decay to the ground state at the rate I... Then the
behaviour of the excited com‘bénent of the absorbing gas in the radiation field with
frequency w, wavevector k and photon flux density I(/ = f/ hw, where T is the radiation ',
intensity) is described by the following kinetic equation: :

(A+T,)fu=0l(fi=2f)+S,,

d7ld]*w r
o= , 3.
cch +(Q-ke)

Here f,, is the distribution function of the excited particles; o is the cross section for
the transition m-n taking into account the Doppler shift kv of the radiation frequency;
d and I are the dipole moment and the homogeneous halfwidth of the transition m-n;
Q=w-w,, is the resonance defect for the immobile particle; ¢, is the light velocity.

Under conditions (2.12) the kinetics of the excited component is determined
primarily by the scattering of the absorbing particles on the buffer ones. In this
connection, in {3.1) the substitution Sr = S,z is valid. Our further assumption will be
that the atoms are weakly excited by the radiation f, « f,. This, together with the
assumption that the medium state is close to equlibrium, allows the following approxi- %
mation on the right-hand side of (3.1):

Si—2fn zﬁzp?wl(v)/Ml- (3.2)

(3.1)
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Here
W,(v) = (7" vg) " exp[~(v/vy)7] (vi=2kT’/M,)
is the Maxwellian velocity distribution for the absorbing gas. Now applying to (3.1)

the operations M, f ...dvand M, ] o...dp we have the following linearised equations
of mass and momentum balance of the excited component:

(al+rm)pm+arjm=MlAI (33)
(3,+I’,,,+Vm)jm +3,Pm=al’()M|)\I. (3‘4)

Here
(pJs Plm =M, mefl, 0, 5(0 = jm/ pm)?] dv

A =oopt/ M, o= 0u=0 a = kvQl/(Q°+T).

pm and Py are the density and the pressure of the excited component; A is the coefficient
of light absorption; parameter a (or rather its modulus) indicates the degree of
selectivity of the optical excitation of the particles in their motion velocities. In deriving
(3.3) and (3.4) we assurmed that .

[ or |Q] » |k|v,. , (3.5)

In other words, the velocity selectivity of the excitation was assumed to be weak.

The quantity 8,P,, in (3.4) may be linearised with respect to the density p,, and the
temperature T,, of the excited component by using the equation of state in general
form P, = kT..pm/ M, . Since the equilibrium value p,, is p, =0, the linearisation yields
3,Pm =(kT°/ M,)3,p,,. On this account and omitting also the term 8, j, in (3.3), the
following solution for (3.3), (3.4) can be obtained:

pm = M)A J I(t—7)e " o"dr (3.6)
0
Jm = DeMiA J (a +‘-229—(1—e"'"'7)a,>1(l—7)e'“""”'")’ dr 3.7
0 Vin

that satisfies the “equilibrium’ initial conditions Pmlt=—C), jn(t=—0oc)=0. Now,
using (3.6) and (3.7) it can easily be shown that the neglect of the term 8,jn i$ valid
provided

bl Tr=<1 | (3.8)

(1, is the scale of spatial inhomogeneity of the photon flux density) and the requirement
f..<« f, now has a concrete meaning: the inequality f,, « f; within the framework of
(3.5) is realised for

=

oolo(t=0)r,« 1 for TPEI(;I([=O)J I(tyde< T (39)

0

or

k=ool(t=0)/T 1 for TPZF;,l (3.10)
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where I,(1) is the photon flux density at the medijum entrance; the time moment ¢ =
corresponds to the maximum of the value Iy, 7, is the duration of the light pulse;
is the maximum value of the saturation parameter for the quantum transition m-n,

The two terms in (3.7) reflect the existence of two mechanisms of generation of
directed motion of excited particles. The first of these (the component proportiong

to a) is related to the selectivity of the optical excitation of particles by velocity. Th

ponent is proportional to a1
Substitution of (3.7) into (2.15) yields the following expression:

. Tle™ =1 p e T 00,
Jy= v M, A M%’a,— a+=
3 Vl 21}," V: 2l/m

XI(t—r)e ™" dr v=>r,-v, vi=y+p,,

(3.amn

Expression (3.11) describes the motion of the absorbing gas as a whole: light,
induced drift. According to the general regularities for this phenomenon, it develops

and excited states (5 = Vy—=v,).

In the case of weak optical excitation (fu < f,) the interaction of light with atoms
has a linear character and the process of photoabsorption obeys Bouguer's law. In
particular, the photon flux density of the light wave travelling in the positive = direction
is described by the following expression:

I(r,t)=It—z/c ) e >
Io(tj-z/c)=1(x,y, z2=0,t-z/c).

Ifl/e, « v3! the delay of the light pulse described by the term ~z/c in (3.12). wi
not affect the development of the Lip process. in this case for the value Iin (3.11
the expression ‘

I(r,t)=I(t) e (3.13) ¢
may be used,

4. Sound generation

To analyse the.problem of light-induced non-equilibrium of the total pressure of the
gas mixture we make use of (2.13) in which the value Jy is given by (3.11) and (3.13).

these conditions the problem becomes one dimensional and, in our further consider-
ation, instead of the vector J, we shall deal with its projection J, on the z axis. The
formulation of the problem corresponds to the boundary and initjal conditions

J1,0-P|._0,=0 AP x=0 P'=p-p° (4.1)

which express the absence of particle fluxes through the ends of the resonator and
correspond to an equilibrium initial state of the gas mixture. The Fourier method
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ds the following solution for the boundary problem:

yiel

pP'=Y P cosks: k,=ms/l (4.2)
vy
AM ' , .

P_‘=‘X4‘CA‘ J (t) cos A(t—1t") dt A, =kc (4.3)
2 ]

J"'=7J J, sin k,z dz. (4.4)

0

The solution simplifies for
t» 7, v, T,

ie. at the stage when the transient processes, resulting in Lip sound, have been
completed. In particular, substituting (3.11) and (3.12) into (4.3) and (4.4) for small
s, such that

AS & Vfli rm
for the given time interval, we find
P, cos Kz =17Px. Re j (") explid, (T - t')]+explia,(T"— )1} dr'. (4.5a)
Here
_ P 2y ‘“( aln D,,,)\) vs
=—AM _—F D,=——/—"=
Y Vn ‘ (MIMB> I_‘m_ql-l/m Uo “ " 2(Fm+ym)
xs=2mA —5—[1—(—1)5 e ™) (4.5b)
s IA2+A§ .
A=Ac i(1) = Iy(1)/ Io(0) T - =t¥z/c

parameter a is the projection of the a vector on the axis z; D, is the diffusion coefficient
for excited absorbing particles. Formulae (4.5a, b) describe the standing sound waves
(A, and k, are the frequencies and the wavenumbers) corresponding to the low-
frequency modes of the acoustical resonator.

Free acoustical oscillations die out due to the dissipative processes associated with
the viscosity and thermal conductivity of the medium. In addition, sound absorption
is caused by the walls near which there are large gradients of the macroscopic velocity
and the temperature. For waves of small amplitude an exponential damping law is
valid (Landau and Lifshitz 1954). In this connection, the factor

exp(—Bst) (4.6)

(B, is the absorption coefficient of the sound wave with frequency A;), taking into
account all the dissipative processes mentioned above, should be introduced on the
right-hand side of relation (4.5). The contributions from these processes to B, have
been calculated by Landau and Lifshitz (1954). Here, as an illustration, we shall give
the expression for B, disregarding the influence of the resonator walls:

R ] (@)

v O
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where 1, n' and { are the coefficients of viscosity, second viscosity and therm
conductivity of the buffer gast. Estimates obtained with the use of elementary gas.
kinetic formulae for n, 7" and { (Lifshiftz and Pitaevsky 1979) show that the paramete,
v is of the same order of magnitude as the collision frequency in a pure buffer gag'
This accounts for the interest in the low-frequency modes of the acoustical resonatos

Along with the mode structure, the spectral integral time-spatial characteristics g
LiD sound are an important consideration. The case in which only several resonater
modes are excited readily yields a numerical analysis. When a great number of modeg
is generated, further analytical investigation can be carried out on the basis of substityt. -
ing the integral for the sum (4.2). Let us consider in detail the sum (4.2) taking account
of the modifications related to the sound absorptioni. We illustrate the analysis by:
the case when the relaxation parameters v,, I', and v are the same order of magnitude:
v, ~I', ~v. We denote them as vg. Next we note that (4.7) determining the sound
absorption coefficients B, is valid, as well as (4.5qa, b), only for low-frequency modes
of the resonator such that A, « »;. Assuming however its approximate validity alsg
for A, ~wvg we would come to the conclusion that only low-frequency modes are
‘long-lived’ and form the acoustical signal at times

-1
T N7

(48)
Within this time interval the properties of the acoustic LiD signal can be studied op
the basis of calculating the following sum of the Fourier series:
P'=4P) 27 +%7) _
=3 Z exp(—Alt/v)x, Re J‘ i(ryexplid(T™ = 1)) dr. (4.9)
s=1 —x
Within the framework of (4.8) the low-frequency terms in (4.9) describe the correspond-
ing standing sound waves while the high-frequency terms are exponentially small. If
we denote the sum (4.9) as

Y F(a)
s=1
the condition when this sum may be approximately substituted by the integral
(1/4,) J F(4;) dA,
)]
can be written in the form
d L
A l— F(A,)| < |F(A, 4.10
1dAS()1(.)I (4.10)

in the region of variation of s giving the main contribution to the sum. In other words,
the function F(A;) should be slow in the scale of intermode frequency interval A, It
can be shown that the requirement (4.10) is satisfied for the terms in the sum (4.9)
provided

(1) the spectral width of the signal

8=min(r;", 8,)» 4, (4.11)

+ Since the ‘resonant’ gas, according to the assumption (2.12), is a small admixture to the buffer, the intensity
of sound absorption is determined primarily by the properties of the buffer component.

¥ We shall be concerned with the case when the sound is absorbed mainly in the resonator volume and
shall use the relation (4.7) for the coefficients B,.
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o

(v/t)' " and

where 5 =
(2) (AT /2wt L (4.12)

Here the symbol { } denotes the fractional part of the number. Thus under conditions
(4.1 and {4.12) from (4.9) it follows that

PN
pr=y (4.13)

1 * Af 2 T , . = ' ;
& :5; J‘_x ATra exp[—(4,/8,)7]d4, J._.X i) explid (T —1)]dr.

Below, we give the expressions for the integrals [ * corresponding to several specific

cases:
A« 7', 8
(a) T, 8 [I"={(T) (4.14)
_ N . 1 - 5
(b) 7' > 8, I* =57 o8 expl~(T78,/2)7] (4.15)
I led, 8, IT=—(d/AETHUT) (4.16)
- .1 ndl(, T78 e o
1 s« A I =17 Zz (l——T—l) exp(—(T~8,/2)°).

(4.17)

As is easily seen from (4.14)-(4.17), the functions I™ describe the pressure pulse
propagating in the = direction of the z axis. In regimes I(a) and (II) the pulse profile
is determined by the envelope of the inducing light pulse and is time independent.
The amplitude of the signal also stays constant. For sufficiently small =, (regimes I(b)
and 111) the profile of the pressure pulse is described by the Gaussian curve (I(b)) or
by its second derivative (1I1), independently of the shape of the light-pulse envelope.
The pulse duration grows during the propagation and its amplitude decreases. This
is accounted for by the specific spectral dynamics of the signal. According to {4.7),
the high-frequency modes are absorbed more intensely than the low-frequency ones.
This leads to the spectrum narrowing and, as a consequence, to the increased pressure
pulse duration. The decreased amplitude is a trivial consequence of the sound
absorption.

The analysis of (4.14)-(4.17) predicts the maximum absolute values of the integrals
I (such that |I*}~ 1) for the case when

A<t'<3$,. (4.18)

The factor 7P%, determining, together with I+, the amplitude of the acoustic signal,
depends on the light absorption coefficient A, and consequently on A(A=Ac). The
factor consists of two terms, one being linear and the other quadratic over AP~ A
is taken into account). These terms correspond to the two mechanisms of RCGs!
selective and diffusive (Shalaev and Yakhin 1984). For large A (regimes II and III)
["~A"2, and for small A I™ is independent of A. Thus for the selective mechanism
the optimum region of variation of the 4, 7, and 8, parameters is given by the relation

A~1,~ b : (4.19)
and for the diffusive mechanism

71~ 8, <A. (4.20)




2742 V M Shalaev and V Z Yakhnin

We note that the diffusive mechanism requires a non-zero gradient of the photon flux
density only (light absorption or transverse inhomogeneity of the beam). Hence on -
this basis the generation of Lip sound is still possible when the selective mechanism
‘does not work’: large resonance detuning, large homogeneous transition width or
broad spectrum of the inducing radiation.

5. Discussion of results; estimates

The calculations carried out in the present paper can provide the theoretical basis of
a method of determining the transport collision cross sections of excited atoms and
molecules from the experimental data on the acoustic signal due to the Lip effect in
the field of a single light pulse.

We now estimate, using (4.13), the orders of quantities characterising the acoustic
signal and the electromagnetic radiation inducing it for the case of atomic gases. We
shall start out from the values of the parameters that are typical of atomic transitions:
Wpmn~ 10787, |d|~1D, T, ~10"s7", |kjo,~10'"s™". We carry out the estimates for
1Q]~ 10" s™", P~1 Torr (p}/ M, ~ 10" cm™>), P~ 10 Torr, M, ~ Mj, I =10 cm. The
values v,,~10"s™" and ['~10°s™" correspond to a buffer-gas pressure of 10 Torr.
Under the conditions discussed A ~1cm ™, i.e. A= Ac~10°s™". Suppose a microphone
(receiving the acoustic signal) is located at the exit (with respect to the laser beam)
end of the resonator. Then for the pressure pulse in the microphone region the
parameter &,=(v/1)"? is of the order of (vc/1)~10°s™" (v~wv,,~10"s"' since
M, ~ My). The optimum light-pulse duration 7,,,, amounts in this case, according to
(4.19) and (4.20),t0 107" Tpopt ™ 10~ %¢. For 7,»I',! the photon flux density is bounded
from above in virtue of the assumption {3.9). For the chosen parameter values the
light intensities

I=hol~1kWem™ (0 ~w,,,)

correspond to k ~ 107",

Using (4.13) and the chosen values of the quantities characterising the gas mixture
and the inducing radiation, the amplitude of the pressure pulse is estimated to be
|P'|~|5/v,|107* Torr.

According to the data from Walzer et al (1979) for the microphone sensitivity, by
recording a sound wave of such an amplitude the factor |(o, - 0,,)/0,] (o, is the
transport cross section of the collisions between the absorbing atom in the quantum
state « and the buffer-gas particles; v, ~o,) can be determined up to the values
I(an - Um)/oln' -~ 10-5'

The estimates have been carried out for the case of weak and weakly velocity-
selective optical excitation of particles (relations (3.9) and (3.5), respectively) and that
is why the factor y in (4.13) is small: in our case ¥ ~ 107*. The simplifying assumptions
(3.5) and (3.9) are of no principal importance and moreover they are not optimum for
the manifestation of LiD effect (Popov et al 1981), in particular for the generation of
L1D sound. As seen from formulae (4.13) and (4.5b), for a stronger (up to « ~1 at
= or oply(0)7,~ 1 at 7« T ,") and more selective (Ja]-> 1) optical excitation
the situation is possible when |P'|~|5/ »,| PS.

The widely used lasers generating light pulses in nano- and picosecond ranges of
duration show the promise of radiative collision sound generation. Let, for example,
the duration of the light pulse be 1 ns and the quantities characterising the gas mixture
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have the same values as above. In this case !> 8,~ A and the estimates can be
obwined from (4.15) or (4.17) assuming that 8, ~ A. Since 7,« ', the population of
the excited state of the 'resonant’ particles, according to (3.6), is dgtermined by the

srameter 7,1y(0)oy. Assuming that oIy (0}oy ~ 107", we have I ~ 10" kWcm AP~
5/ l,"[10’4Torr. The quantity ¥ is small since the factor 8,/F » is also small: 8/, ~
'10—1 {but not o~ 10™%). Further shortening of the duration and the constant energy
of the light pulse does not affect the properties of the pressure pulse. The radiation
intensity, increased by an order of magnitude, would result in a proportional enhance-
ment of the acoustic signal.

The results obtained can also find application in connection with the recent rise in
the interest in laser sources of sound. The phenomenon of rRcGs, combined with the
developed technique of optoacoustic spectroscopy of molecules, can apparently be
used in the spectroscopy of atoms and for analysis of the composition of atomic gas
mixtures.
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