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1.  Introduction 
 

This technical note is Part 2 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 2 

we consider the photoelastic visualised pulse from a horizontally polarised shear wave probe 

(SH shear). 

 

Brown (1) explains there are two forms of shear mode vibration; SV and SH. There are also 

called shear vertical and shear horizontal, depending upon the particle direction with respect 

to the propagation direction.  SH waves are usually introduced into a material through a 

wedge such that the particle direction is in the plane of the material.  The SH wave will not 

mode convert to a longitudinal signal, but remain as a pure shear wave. 

 

We configured a simple setup using a 12mm diameter 5MHz SH shearwave probe 

(Panametrics V155) driven by a PCPR100 pulser, tuned at 5MHz with 275V using a 2 cycle 

square-wave tone-burst.  The probe was coupled to a glass sample (soda-lime float glass) 

using a suitable non-Newtonian viscous fluid (honey) to couple the shear mode directly into 

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

the pulse.  The illumination strobe delay was then adjusted to observe the pulse move from a 

point midway to a notch to a point approximately 30mm from the entry surface.  This would 

equate to approximately 5µs of strobe delay.  A video in avi format was captured to indicate 

the details.  This resulted in a file size of just over 1GB.  Since 1GB is not a practical size for 

convenient on-line viewing, the file was then edited to include a short title page and 

equipment list as a trailer.  It was then re-formatted in wmv as a 2.5MB file for internet 

viewing.  

 

Observations of the pulse and its interaction with the notch are made.  

 

2.  Comments on the Video 
The video starts with the leading edge of the main pulse approximately 11mm from the probe.  

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

 

In the conversion to a file size suitable for online video viewing, some of the details of the 

fine wavelets that were seen are lost.  A still capture in jpg format indicates the details of the 

wavelets in the pulse formation.  This is seen in Figure 1.  There we see approximately 7 or 8 

arcs trailing back from the main pulse.  
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Figure 1 Details of wavelets observed in formation of SH shear pulse 

 

It would appear that the probe construction uses a diced piezo-element to form the SH shear 

pulse.   

 

The sample of float glass used for this image was tested for acoustic velocities.  These were 

determined to be 5840m/s for the compression mode and 3460m/s for the shear mode. At 

5MHz, this makes the wavelength of the compression mode 1.17mm and the shear mode 

wavelength approximately 0.7mm.  When the distance between the two dark bands or two 

bright bands of the pulse is compared to the rule on the right side of the video image it is seen 

to be approximately 0.7mm for the shear mode.  Using the intensity analysis tools of the 

software associated with the photoelastic system (Figure 2), the peaks are measured to be 

0.73mm apart.  

 

 
Figure 2 IIA software assessment of wavelength based on image intensity 

 

wavelets 

SH shear pulse 

Faint compression mode 



Brown (1) indicates that for a true SH shear mode there should be no mode conversion to 

compression mode.  Yet the image in Figure 1 indicates that a compression mode has formed.  

An explanation for this observation may be that the piezo-elements cannot produce a perfect 

shear motion and some compression mode is present in the element distortion.  When the 

signal was observed on the A-scan, the compression mode was seen to be approximately 

35dB down from the shear mode.  

 

Although the pulse is formed from a 12mm diameter element, there is still a spherical aspect 

to the pulse shape as it moves away from the probe.  The arc results in a slight angle of 

incidence for all but the centre of beam when it strikes the notch surface.   

 

At the point of interaction with the notch, part of the pulse makes a direct hit (to the right) and 

part glances along the vertical portion of the notch (to the left).   

 

Two cycles can be seen in the pulse (i.e. a bright band, then a dark band, then a dark band and 

bright band). Upon reflection, the band colours reverse.  The glancing portion of the shear 

pulse maintains the initial phase.  As the shear pulse moves along the vertical leg of the notch 

we see a faint circular arc form at the corner of the notch.  The arc connects the reflected 

pulse with the incident pulse.  A faint compression mode pulse can be seen in the avi version 

of the video (see Figure 3) and this is probably due to the weak SV component that would be 

associated with the weak compression components in the probe construction. 

 

 
Figure 3 Faint compression mode formed off notch corner 

Faint compression mode 



At a glancing incidence the shear mode satisfies the requirement for the second critical angle 

and a Rayleigh wave can form.  Therefore, as the pulse moves down the short 5mm length of 

the notch, it is linked by a Rayleigh wave to the notch surface.  As the SH shear pulse passes 

the lower tip of the notch the Rayleigh wave keeps the shear pulse linked to the lower notch 

surface and another spherical diffracted arc is seen with its centre at the lower notch corner 

(see Figure 4).   

 

 
 

Figure 4 Formation of tip diffracted arc off notch lower corner 

 

The phase of the lower tip diffracted arc is the same as the incident SH-shearwave pulse.  The 

video ends with the reflected SH shearwave just approaching the top surface of the glass 

sample near the entry point of the pulse. 

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=13776&content=1 
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