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1.  Introduction 
 

This technical note is Part 4 of a series started in NDT.net.  A photoelastic video has been 

made of an ultrasonic pulse interacting at a boundary.  Description of the associated video is 

provided in this technical note and remarks are made on some of the features seen.  In Part 4 

we consider the photoelastic visualised pulse from a compression mode probe striking a side 

drilled hole.  

 

The photoelastic demonstration uses a rectangular probe 25mm x 12mm (1”x0.5”) 2.25MHz 

compression mode probe (Panametrics model A403).  The probe is coupled directly to the 

glass specimen.  The probe was driven using a PCPR100 pulser, tuned at 2.5MHz with 275V 

and a 2 cycle square-wave tone-burst.  Note that although the probe is a nominal 2.25MHz, 

the maximum output was seen when tuning the pulse to 2.5MHz.  

 

A standard industrial coupling gel (Sonotech SH1001) was used to couple the probe to the 

glass.  The photoelastic imaging system was configured to provide an optimised image of the 

pulse.  Illumination strobe delay was then adjusted to observe the pulse move from a point 

8mm prior to a side drilled hole to a point approximately 19mm after passing the far side of 

the side drilled hole (SDH).  

 

The probe placement and approximate pulse start location is indicated in Figure 1. 

 

 
Figure 1 Probe placement on glass block 
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The block is 65mm high, 19mm thick and 115mm long.  The SDH is 5mm diameter and 

located with its centre at 15mm from the surface the probe is placed on.   

 

 

2.  Comments on the Video 
The video starts with the leading edge of the main pulse approximately 8mm from the SDH.  

A ruled scale has been overlaid in the video to assess dimensions.   

 

Contrast has been added to the original AVI format to allow better visualisation of the fainter 

pulses.  This results in a slightly red-grey background with some granularity.  The background 

is relatively uniform with the exception of the darker region just below the probe.  This is a 

result of pressure from the probe producing a small region of stress that alters the uniformity 

of the transmitted polarised light.   

 

The main phase on the leading edge of the pulse is indicated by a bright red line.  A darker 

band follows and then a brighter band is seen.  The second brighter band is a result of the 2 

cycle bi-polar pulse being selected; a single cycle results in just the lower amplitude bright 

then dark band with the maximum amplitude being the negative displacement (dark band).   

 

A common occurrence at the ends of a compression mode probe is the lateral displacement of 

the lattice of the component the probe is coupled to.  This results in a spherical wavefront at 

the ends of the probe which also results in a transverse mode at the ends (due to the 

components of the wavefront that are not perpendicular to the test piece surface).  The arcs are 

seen in Figure 2.  

 

 
Figure 2 Arc-shaped transverse mode at probe ends 

 

 

Upon interaction with the SDH we see a reversal of phase.  However, the reflected 

compression mode is not seen clearly separate from the mode converted transverse 

component until the incident pulse has reached half the diameter of the hole.  Either side of 

the reflecting pulse we can see a strong arc forming.  This is the mode converted transverse 

wave.  The reflecting compression mode is fainter and its maximum intensity appears limited 

to a few degrees either side of the vertical centreline from the hole.  The point of the first 

evidence of the reflected compression mode separating from the mode converted transverse is 

illustrated in Figure 3.  
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Figure 3 Reflected compression mode separating from mode-converted transverse 

 

 

As the incident compression mode passes the SDH, several features become apparent. The 

compression mode is now well separated from the mode converted transverse.  There is an 

intensity pattern seen in both the reflected compression and transverse modes 

 

 

 
 

Figure 4 Intensity patterns and phase-reversals 

 

Moving directly back from the incident centreline of beam, the compression mode is seen to 

have its maximum intensity over a range of about 15° either side of the incident angle.  As the 

intensity of the compression mode drops we see an increase of intensity of the slower 

travelling transverse mode arcs.  These transverse mode arcs rise to a maximum brightness at 

approximately 45° either side of the reflection centre axis.  This is seen illustrated in Figure 4.  
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Also seen in Figure 4, in addition to the backwards moving reflected compression mode and 

mode-converted transverse arcs, the transverse mode arcs can be seen to reduce to nearly a 

zero intensity off either side of the side drilled hole.  However, a separate set of arcs is seen 

moving forward with transverse wave velocity but the pulse has the same phase as the 

incident compression mode.  This would appear to be the result of the contact of the 

compression mode with the lower half of the side drilled hole, made possible by the 

divergence effect (bending) of the compression mode as it moves past the hole.  

 

Figure 5 illustrates the final interactions as the reflected compression mode from the side 

drilled hole has travelled back to the entry surface and reflects off the interface to the probe.  

Just as the compression mode is returning towards the side drilled hole, the weak transverse 

arcs that formed from the ends of the probe are seen to be just reaching the side drilled hole. 

 
 

Figure 5 Later interactions as compression mode pulse moves past the SDH 

 

 

 

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=13775&content=1 
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