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Abstract:
The focus of this paper is two-fold. First, the shear wave velocity, Poisson’s ratio, and optical
absorption coefficient of a thin glass plate will be estimated using a Nd: YAG pulsed laser. Second, the
combined influence that an ablative and thermoelastic source has on the elastic wave form generated by
a pulsed laser will be investigated.

Thermoelastic waves are introduced into a sample when a portion of the laser’s energy is optically
absorbed along the depth of the specimen causing a steep thermal gradient. Neglecting the effects of
heat conduction, the thermoelastic displacements are determined by solving the uncoupled
displacement equations of thermoelasticity.

As the laser’s energy is increased, a thin layer of atoms at the sample’s surface is vaporized. The
momentum transferred to the sample from the vaporized atoms constitutes the second generation
mechanism and is termed ablation. The ablative mechanism, which is modeled as a normal force, in
conjunction with the differential equations of isothermal elasticity is used to determine the
displacement due to ablation.

The stress free boundary conditions of both the thermoelastic and ablative problems lead to the
Rayleigh-Lamb frequency equation, the solution of which represents the various modes of propagation
present in an infinite plate. For a given frequency bandwidth there is a plate thickness below which
only the first symmetric (s0) and first asymmetric (a0) modes of propagation will be observed. Thus,
by considering only thin plates, all but the first two modes of propagation are eliminated, resulting in a
waveform with characteristics that are easy to distinguish.

To simplify the problem of determining the elastic constants and the optical absorption coefficient in a
thin glass film, it is desired to generate only thermoelastic waves. This restriction is achieved by simply
decreasing the power of the Nd: YAG laser. By adjusting the size of the laser beam radius, the
Rayleigh velocity and the group velocity of the s0 mode at zero wavenumber can be measured
experimentally. Measurement of these two velocities leads to an estimation of the elastic constants. The
estimated elastic constants are refined by comparing experimental and theoretical velocity data for the
a0 mode. Next, the amplitude of the theoretical and experimental velocity data for the a0 mode are
compared, which allows the optical absorption coefficient to be determined.

Ablation occurs when the sample’s surface reaches its melting point; therefore, ablation must be
accompanied by thermoelastic waves. For the a0 mode, this experimental reality is modeled
theoretically by simply combining the thermoelastic and ablative solutions. For specimens with large
optical absorption coefficients, the thermoelastic and ablative solutions add constructively. This
theoretical result, while verified in copper and brass samples, is not witnessed in stainless steel
samples. Stainless steel shows what is thought to be a small time delay between the thermoelastic and
ablative waves. The theoretical solution closely resembles the experimental data if a 160 ns time delay



is included between the thermoelastic and ablative solution. This phenomenon might be attributed to
thermal shielding due to the formation of plasma during ablation. 
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