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The thermooptical generation of acoustic waves re-
ceives attention in connection with its numerous applica-
tions in various branches of experimental physics.i™® Ex-
periments have been reported in which the generation of
Rayleigh surface waves, along with longitudinal and trans-
verse bulk waves, was observed when a focused high-in-
tensity laser pulse was incident on the surface of metals.!
The problem of the excitation of Rayleigh waves by an in-
tensity-modulated narrow light beam is analyzed theore-
tically for the first time in the present article.

The basic equations are the equation of motion p'di =
Tij,j and the linearized equation of state with temper-
ature effects included® oyj = QMTEU' + WTe g — yR(T= Tyl
6;- Here gjj denotes the components of the linearized
strain tensor, AT and p T are the isothermal Lamé con-
stants, y is the coefficient of thermal expansion, K =A~ +
2uT/3 is the bulk modulus, and T, is the initial temper-
ature. We augment these equations with the linearized
heat-balance equation, neglecting viscosity and heat-con-
duction effects, pcy T = —yKTegq— oAl e”*4]/ b2,
where cy is the specific heat at constant volume, g is the
coefficient of transmission of optical radiation into the
solid medium, I(x) is the intensity distribution of the in-
cident radiation (the two-dimensional case is considered),
« is the coefficient of light absorption in the medium, and
£(t) is the light-intensity modulation function. The field of
the generated acoustic waves must also satisfy the con-
ditions of zero net stress at the surface z =0: o304 = 0.

By means of the scalar Lamé potentials ¢ and ¢, which
are related to the displacements uj in the form {x = ¢ x —
¥,z and Uy = ¢,z + U x,the given system-of equations is
reduced to two inhomogeneous equations in ¢ and ¢ with
two.inhomogeneous mixed boundary conditions. The com-
plete solution is written with the aid of surface and volume
Green tensors®'? and represents Sommerfeld-type inte-
grals with respect to the variable wave number k. In par-
ticular, the field of the excited Rayleigh waves, which is
described by the contributions of the poles in the inte-
grand, has the following form in the case of 100% harmonic
modulation:

qaBK O (kp) [ 2ka*—k® 4kg’s )
Grlz, 2)= [ - ] exp(ikpz—qz),
pevF’ (kg) B (A+2u) (@+9)
2kpyaBA O (K 2kgt—k¢?
Prlr, )= RYERAD (en) [,q_ - — R ! ] exp (ikpr—sz),
pev ' (kg) L (A+2u) (@+q)

where kg is the wave number of the generated Rayleigh
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wave, A and u are the adiabatic Lamé constants, F(k) =
(2K2 = K% — 4k(k? — 1) 1/2(2 — k)1/2 is the Rayleigh

determinant, o(ks)= j I(z)exp(—ikgz)dz 1is the Fourier trans-

form of I(x), q = (kg — k"z)i/z, and s = (kg —k%)i/z. We
note that the first terms.in the brackets. of the expres-
sions for ¢y and y g are attributable to surface forces,
and the second terms to-volume forces. It is seen at once
that the influence of the-volume forces is.negligible in
media that strongly absorb light [ —«], for example, in
metals. The factor & (kg) characterizes.the existence of
optimal cross-sectional dimensions of the light beam such
that the efficiency of surface-wave generation is a maxi-
mum. For example, in the case of a Gaussian beam with

a characteristic width @, the optimum occurs for kpa =2,
In the optimal state the fraction of the power of the ex-
cited Rayleigh waves for strongly light-absorbing media
with a Poisson ratio of 0.25 is ~67% of the total power of
all the waves excited. The power fractions for longitudinal
and transverse bulk waves are 7 and 26 % respectively.
With an increase in kyra-the fractions of the: radiated
Rayleigh and transverse: bulk waves drop rapidly to zero,
and mainly longitudinal waves are radiated into the volume.
This situation is entirely reasonable insofar as for light
beams of infinite width the thermooptical generation of
sound in a solid does not differ.in principle from the case
of a liquid.! The thermooptical generation efficiency 7,
defined: as the ratio of the total power of the-investigated
wave mode to.the power of the:light beam, as in the case
of a liquid, is proportional tothe peak laser:intensity I,.
An estimation-of ‘n for the generation of 30 MHz Rayleigh
waves in aluminum by a CO, laser with a. wavelength of
10.6 um for kga =v2yields n ~2 - 107°I;, where I, is
evaluated in W/ cm?, i.e., the generation process is fairly
efficient. The thermooptical generation of monochromatic
Rayleigh waves can be enhanced by applying spatially
periodic irradiation of the surface with a period equal to
the Rayleigh wavelength (see Ref. 8). It follows directly
from the expressions for ¢R and y g that the amplitudes

of the Rayleigh waves in this case increase (without re-
gard for scattering by thermal inhomogeneities) directly
as the number of illumination periods.

We note that these results agree satisfactorily with
the experiments of Aindow and others.’ In that work the
generation of Rayleigh and bulk waves in aluminum by
short laser pulses was investigated in greater detail than
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in Ref. 4. In particular, it was observed experimentally
that the diameter of the laser spot is increased from 0.8
to 2 mm in correspondence with the above-stated reso-

nance condition kga = V2. An estimation of the value of
n according to the experimental data of Ref. 9 [with al-

lowance for the resonant attenuation of the spectrum of

the laser pulse ~(kg) and typical conversion losses in

a wedge] yields n ~ 1072, which agrees in order of mag-
nitude with the value of n calculated for the observed

resonance frequency (f; ~ 1 MHz) according to the present
theory.
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