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INTRODUCTION 

We present calculations which describe the three-dimensional reflection of thermal 
wave pulses from planar sub-surface defects. We also present the results of confirming 
experiments for the case of subsurface flat-bottomed holes with various depths and lateral 
dimensions. 

CALCULATIONS 

We have shown elsewhere [1-3] that when a planar thermal wave pulse encounters an 
arbitrarily shaped, strongly reflecting planar subsurface defect at a depth, ..0., the contrast 
from the reflected wave (the thermal wave echo) at the surface is given approximately by 

where 
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In Eq. (1), a. is the thermal diffusivity of the material, and t is the time after the flash at 
which the image is acquired. The summation over the index, m, takes into account multiple 
reflections of the thermal wave pulse between the subsurface scatterer and the surface of the 
material. Such reflections are increasingly important when the lateral dimensions of the 
su bsurface scatterer become large. 

Figure 1 shows a schematic diagram of a flat-bottomed hole specimen used to test the 
predictions of Eq. (1). The specimen has six holes milled into the rear surface of the 
sample. The flat bottoms of these holes are 1 - 5 mm beneath the painted front surface. 
The small square areas indicated in Fig. 1 show the regions for which the temperature was 
measured as a function of time to acquire experimental contrast curves to compare with the 
predictions of Eq. (1). 
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Fig. 1 Schematic diagram of a i1at-bottomed hole specimen used to test the predictions of 
Eq. (1). 

In Fig. 2 we show the predictions ofEq. (1) for the thermal wave echo amplitude at a 
surface location directly over the flat bottom holes having the dimensions shown in Fig. 1. 
Figure 3 shows the results of the corresponding experimental measurements of echo 
amplitude, using a Santa Barbara Focal Plane Camera, with a 128 x 128 pixel InSb focal 
plane array, operating at a frame rate of 244 Hz. Notice the successively later peak 
amplitude times, as well as the successively later arrival times of the leading edges of the 
echoes. We will show, both theoretically and experimentally, below that the peak times are 
dependent on the lateral size of the defect, whereas the position of the leading edge is 
almost totally independent of lateral size. 
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Fig. 2 Predictions of Eq. (1) for the thermal wave echo amplitude at a surface location 
directly over the flat bottom holes having the dimensions shown in Fig. 1. 
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Fig. 3 Results of the experimental measurements of echo amplitude corresponding to the 
predictions shown in Fig. 2. 

Comparing Figs. 2 and 3, it can seen that the agreement is quite good, both in terms of 
the shifting of the peaks and in the time for the arrival of the leading edges of the echoes. 
However, it appears that the nominal depths of some of the holes are not quite accurate. 
Notice that the signals from the two deepest holes in Fig. 3 are essentially identical, 
indicating that the actual depths are nearly equal. Also, the shallowest hole appears to be 
slightly closer to the surface than the nominal depth since the signal level is slightly higher 
than predicted by the theory. This is not surprising, since the depth sensitivity is greatest 
for the shallowest hole, so that a small deviation from the nominal depth causes a large 
deviation in the signal amplitude. 

Figure 4 shows a schematic diagram of a flat-bottomed hole specimen used to test the 
predictions of Eq. (1) for holes having the same depth but varying lateral sizes. Figure 5 
shows the theoretical predictions corresponding to this sample, and Figure 6 shows the 
experimental curves. It can be seen from both Fig. 5 and Fig. 6 that the peak times vary 
with the hole radius, whereas the leading edge of the pulse does not. This suggests using 
an algorithm which detects the leading edge [4,5] in order to best achieve depth 
discrimination. These conclusions agree with those ofLau et al. [4], Krapez et al [5], and 
Ringermacher [5]. 

CONCLUSIONS 

Wave optics techniques have been shown to provide a fruitful approach to 
understanding the underlying physics of thermal wave phenomena, and also provide a 
simple technique for getting quantitative analysis of pulse-echo thermal wave imaging. 
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Fig. 4 Schematic diagram of a flat-bottomed hole specimen used to test the predictions of 
Eq. (1) for holes having the same depth but varying lateral sizes. 
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Fig. 5 Theoretical predictions corresponding to the sample shown schematically in Fig. 4. 
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Fig. 6 Experimental measurements corresponding to the sample shown schematically in 
Fig. 4. 
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