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Abstract 

Acoustic velocity estimates made using apparent refracted angles in polished quartz crystal were revisited and 

checked using calculated acoustic velocities based on comparing travel times over defined time intervals. A digital 

oscilloscope was incorporated into the photoelastic system and the strobe delay adjusted to several fixed time 

intervals.  Position displacements of the wavefront images were compared and the velocities calculated. Results 

were similar but not identical to the velocities estimated using the refracted angles and working backwards using 

Snell’s Law.    
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1. Introduction 

Acoustic birefringence is a phenomenon encountered in some ultrasonic inspection 

applications.  In a recent paper, the authors [1] used a photoelastic imaging system to illustrate 

the splitting of the shear component into a slow and fast shear wave.  In that article, the authors 

also illustrated the relative polarization rotation of the S1 and S2 components of the shear 

waves.  

 

When Keiji [2] and others consider the effect, they refer to a directivity based on energy flow.  

This brings to mind a blended effect of the S1 and S2 components, as if it might be a combined 

result seen by the ultrasonic operator.  However, the photoelastic images showed clearly 

separated components of the compression mode (P-wave) and shear modes (S1 and S2).  In the 

March 2021 paper [1] the authors used the image intensity of the videos to plot the approximate 

paths of the maximum intensity points of the three modes.  Then, by observing the refracted 

angles, the acoustic velocities were estimated using Snell’s Law.  
 

This paper describes a small variation introduced into the photoelastic system that provides an 

alternative method of assessing the acoustic velocity of the observed wave fronts.   

 

 

2. Method 

Ordinarily, the photoelastic system provides still and video images by adjusting the delayed 

trigger-output from the main timing clock in the system controller. The control box is equipped 

with the option to provide the system with a main TTL trigger as an output to control the 

ultrasonic pulses.  Alternatively, it can be configured to receive a TTL trigger from the 

ultrasonic instrument.  There is a secondary TTL output from the photoelastic system that is 
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called the delayed trigger-output.  This is controlled by a 10-turn pot that allows the strobe-light 

to be fired at varying times after the ultrasonic pulser has fired. By teeing an oscilloscope into 

the delayed trigger-output terminal, it was possible to observe the delay times of the 

illumination.   

 

The schematic in Figure 1 illustrates the components in the system.  

 
 

Figure 1: Photoelastic system with oscilloscope to monitor strobe delay 

 

By capturing images at known time intervals, the images can be scaled and the pulse 

displacements measured to calculate velocities.  

 

3. Observations 

The phased-array probe was placed near the corner of the quartz crystal and six images were 

made at 2µs time intervals using the digital oscilloscope.  Figure 2 illustrates an example of the 

image frames captured at 2µs intervals.  The images from the pulse seen at 6µs and 10µs delays 

are superimposed to illustrate the change in wave front positions over a 4µs interval.  The crystal 

X-axis is oriented horizontal.  
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Figure 2: Frames captured at 6µs and 10µs using image subtraction and overlay 

 

4. Results 

Image Intensity Analysis (IIA) software, produced by Eclipse Scientific, was used to analyse 

the points on the wavefronts where the maximum intensity was seen on each frame.  By 

measuring the scaled distance each wave mode moves, the distance of displacement could be 

related to the time intervals between the measurements.  This provided adequate information to 

calculate velocities. Figure 3 is a plot of the positions of the wave front displacements calculated 

by IIA measurements and these are compared to the original estimates made using just the final 

observed refracted angles from the video associated with the initial report [1].  The P mode 

appears to be offset and may be a result of the uncertainty in exit point estimation. 

 

Table 1 compares the velocities obtained using Snell’s Law to the method using averaged 
velocities over the 10µs time interval with six images.  Differences in estimates vary 

approximately 200m/s to 400m/s. A difference of over 200m/s would not be considered a close 

comparison if using standard ultrasonic through transmission or pulse-echo with parallel 

surfaces to measure time intervals. Uncertainties exist in the photoelastic imaging due to 

estimates of the actual exit point and identification of the maximum light intensity on the image 

associated with the actual peak amplitude on the advancing wave front.  
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Figure 3: Plot of wavefront displacements (angles identified from video in paper [1]) 

Table 1: Velocity estimates from photoelastic results 

 
 

5. Conclusions 

Use of the digital oscilloscope to obtain image frames at known time intervals provides an 

effective option for determining acoustic velocities using the photoelastic imaging system.  

Plots made using wavefront pulse displacements over timed intervals is close, but not identical, 

to the values determined using Snell’s Law. When refracted beams are analysed, a degree of 

uncertainty still exists since the incident wave front is a plane wave and not a single point. This 

causes some uncertainty as to where to measure the origin at the wedge-quartz interface. Further 

uncertainty exists in attempting to locate the maximum image intensity that would coincide 

with the maximum amplitude on the wavefront.   

 

Although the technique described above is considered an improvement of velocity estimation 

for the photoelastic imaging, it is not a practical option for calculating the velocities that should 

be used for constructing delay laws when testing birefringent steels such as TMCP steels.  The 

P-mode (m/s) S1 (m/s) S2 (m/s)

5639 5018 3290

5450 4600 3650

Velocity by time (v = d/t)

Velocity by angle (Snell's Law) [1]

Method of velocity determination
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practical technique when working on steels is best addressed using the method described by 

Holloway [3].  
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