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1.  Introduction 
 

This technical note is Part 8 of a series started in NDT.net.  Description of the associated 

video is provided in this technical note and remarks are made on some of the features seen.  In 

Part 8 we examine pulse interaction of a high-angle transverse wave on a notch.  

 

The photoelastic demonstration uses a typical 9mm diameter 5MHz probe mounted on a 

refracting wedge.  In order to obtain a suitable refracted angle for this demonstration, the 

wedge was modified to produce an incident angle of approximately 43°.  The probe was 

driven using a PCPR100 pulser tuned to provide the optimum output.  This required a 200V 

bipolar pulse tuned at 6MHz. A standard coupling gel coupled the probe to a glass sample.  

The glass used was fused silica with a nominal thickness of 19mm.  Fused silica has a higher 

acoustic velocity in the transverse mode compared to soda-lime float glass.  Fused silica has 

acoustic velocities of 5970m/s compression mode and 3750m/s shear mode.  The photoelastic 

imaging system was configured to provide an optimised image starting with the illumination 

strobe delay adjusted to observe the pulse at a point just after exiting the refracting wedge.  

The signal from the notch tip was optimised by observing the A-scan.   

 

The positioning is illustrated in Figure 1.  

 

 

 
 

Figure 1 Probe positioning to obtain maximised notch tip signal 

 

 

2.  Comments on the Video 
The video begins as the pulse has just entered the glass.  Using the angle measurement tools 

built into the image intensity analysis software of the photoelastic system, we can see the 

incident angle from the wedge exit point line is 43.5°.  The refracted angle is assessed by the 

line connecting the index point of the wedge to the peak intensity point in the pulse.  When 

this line is extrapolated in Figure 2, the line indicating the peak intensity is seen to intersect at 

the top of the notch and the refracted angle is 68.  This confirms the Snell’s Law prediction 
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using the velocities of 2760m/s for the poly-methyl-methacrylate (PMMA) and 3750m/s for 

the shear mode in fused silica.     

 

 
 

Figure 2 Incident and refracted angle confirmation 

 

Upon encountering the notch, the high-angle shear mode reflects off the vertical face 

producing a spherical tip echo from the upper notch corner and specular reflection off the 

notch vertical face.  The specular reflection also results in a mode conversion to compression 

because the incident angle on the vertical face is less than the first critical angle.  Formation 

of the upper tip echo and the mode converted compression mode are seen in Figure 3.  

 

 

 
 

Figure 3 Formation of the tip echo and mode-converted compression mode 
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Snell’s Law indicates the mode converted compression pulse off the notch vertical face 

reflects at approximately 36.4°.  When the compression mode then strikes the bottom of the 

glass, its incident angle is about 53.7°.  This produces another mode conversion to transverse 

mode and we see another reflected pulse forming at every point the compression mode 

contacts the backwall.  The transverse mode moves off at approximately 30.8°.  The reflected 

compression mode predicted to be at 53.7° is very faint in the video.  The progression of the 

tip echo and the mode-converted shear off the backwall are indicated in Figure 4.  

 
 

 
 

Figure 4 Tip-echo and two mode conversions 
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By moving the probe back from the notch it is possible to see a larger signal than that from 

the tip echo.  It arrives later and can be demonstrated to have formed from the bulk shear 

wave reflecting off the notch and then reflecting off the backwall.  Figure 5 illustrates the 

reflected shear mode from the corner (and corresponds to the red line indicated in the ray 

paths in Figure 4).  

 

 

 
 

Figure 5 Transverse mode corner reflection  

 

 

Civa modelling of the configuration with a scan moving the beam over the notch illustrates 

the weak nature of the compression modes that form.  These are illustrated in the B-scan 

representation in Figure 6.  

 

 
Figure 6 Civa-modelled B-scan of the notch in fused silica 

 

 

For more information about the photoelastic system see www.eclipsescientific.com.   
The video to this article can be seen here www.ndt.net/search/docs.php3?id= 14172&content=1 
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