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1.  Introduction 
 
This technical note is Part 15 of a series in NDT.net.  Part 14 began a series of notes and 
videos using phased array systems and probes.   
 
Part 15 illustrates how a focussed beam is formed using delays in timing of the wavelets from 
a selected group of elements in a linear array probe. 
 
The probe used is a nominal 5MHz linear array having 64 elements with a passive length 
dimension of 10mm.  Elements are 0.5mm high with a 0.1mm kerf thereby producing a 
0.6mm pitch.  No refracting wedge is used in this illustration and the probe is paced in direct 
contact with the glass plate specimen.  
 
Pulsing of the probe is achieved using an RD Tech Focus 16/64 laboratory unit.  Pulse width 
is adjusted to 100ns to provide the optimum output at in a single half-wave negative pulse at 
210 V.   
 
The glass block specimen is made of soda-lime float glass (compression mode velocity 
5840m/s, transverse velocity 3450m/s, density 2.5g/cm3).  Through-thickness of the model, 
parallel to the light path, is 20mm. 
 
The demonstration uses 15 elements in the array.  The elements selected for the demonstration 
are elements #5 to #19.  
 
Figure 1 illustrates the location of the selected elements relative to the probe housing.  
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Figure 1 Position of elements 5-19 on contact linear phased-array probe 
 
The associated video illustrates the process of focussing the beam by adjusting the delays to 
the elements used.  The demonstration is in two parts.  Part 1 limits the elements used to just 
the outside and middle elements (i.e. just three elements are pulsed).  Focussing is configured 
by the instrument software to occur at 10.5mm depth in the glass in compression mode.  The 
depth of 10.5mm corresponds to the depth of the saw-cut slot seen in the video image to the 
left of the beam.  
 
Having demonstrated the effect of focussing wavelets by using just three elements, the 
intensity of focus is significantly increased by the use of 15 elements with the same 10.5mm 
depth focussing.  
 
 
2.  Comments on the Video 
 
Part 1 of the video begins with a pulse formed from the outer elements (#5 and #19) seen at 
the junction of the probe to the glass.  As the motorised strobe-light delay is activated the 
third pulse is seen entering the glass from element #12.   
 
The start of the process with the wavelets from elements #5 and #19 is seen in Figure 2.  
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Figure 2 Wavelets from Elements 5 and 19  
 
As the strobe delay is increased the wavelet from Element 12 is seen entering the glass.  This 
is seen in Figure 3.  
 

 
 
Figure 3 Wavelets from Elements 5, 12 and 19 
 
By the time the wavelet from element 12 appears in the glass the mode converted components 
of the wavelets from elements 5 and 19 are seen forming.  
 
When the wavelets from elements 5 and 19 have advanced to a depth of about 5mm, the arc 
from the wavelet formed by element 12 is seen intersecting the arcs of elements 5 and 19.  It 
would be expected that these two points would be experiencing constructive interference.  A 
small increase in the brightness of the arcs of the compression wave fronts can be seen at the 
points where they cross in Figure 4.  
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Figure 4 Wavelets from Elements 5, 12 produce constructive interference with the 
wavelet from Element 19 
 
As the wavelets advance, the points where the outer arcs meet the middle arc get closer to the 
middle.  At a depth equal to the depth of the slot we can see the three arcs converge and 
produce a single bright spot.  This is the focal point of the delay law.  The formation of the 
focal spot by the three wavelets is seen in Figure 5.  
 

 
Figure 5 Three arcs converge and produce constructive interference at the intended 
focal point 
 
The second part of the video illustrates how intense the pulse is made when using all 15 
elements between Element #5 and Element #19.  Figure 6 illustrates the pulse near the start of 
the delay as the full wavefront has formed in the glass and in the lower image the wavefornt is 
seen forming a small but intense spot at the intended focal distance.  
 

2 wavelet constructive interference 

3 wavelet constructive interference at 
focal point 



Page 5 of 8 

 

 
Figure 6 Elements 5 through 19 at start of delay (above) and at the intended focal depth 
(below) 
 
 
Image intensity measurements of the focal spot suggest that the “6dB spot size” is 
approximately 1.7mm across.   
 
Construction of the delay law for this configuration follows the Fermat Principle.  We can use 
the geometry of the element array with the acoustic velocity of the compression mode to 
calculate the timing delays of the pulses applied to the adjacent elements.  
 
In order to determine the delays applied to the elements we need only solve Pythagoras’s 
theorem.  Figure 7 provides a close-up sketch of the elements used. 
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Figure 7 Element and focal distance layout for pulse-delay timing calculations 
 
With a simple 0° incidence the delays will be symmetric from the middle element outwards.  
The first elements that must be fired are the outer elements (as seen in Figure 2).  These will 
have no delay and would be considered zero-time.  With 0.6mm pitch, the element at the outer 
edge of the used aperture has its centre 4.2mm from the mid-point of the 15 element aperture 
being used.  The ray drawn from the mid-point of each of the active elements makes the 
hypotenuse of a right-triangle.  We can calculate the distance from the mid-point of each 
element to the intended focal point 10.5mm beneath the midpoint of the active aperture.   
 
E.g. for element 19 the distance is √10.5� + 4.2� or 11.309.  11.309mm when travelling at 
the compression velocity of glass (5.84mm/µs) is 1.936µs.  Compared to the direct path used 
by element 8 we have 10.5mm at 5.84mm/µs is 1.798µs.  Each element has the time 
calculated for the wavelet that must travel along the hypotenuse from the element centre to the 
focal point.  The longest time is then identified and the time of travel for each subsequent 
element is subtracted from the longest travel time.  This is easily done in a spreadsheet format 
as seen in Table 1.  
 
Table 1 Calculating delays for half of the elements in a symmetrical aperture with focal 
distance 10.5mm in glass for compression mode 
 

Element # X (mm) Y (mm) Hypotenuse 

(mm) 

Time along 

hypotenuse

(µs) 

Delays 

(µs) 

19 4.2 10.5 11.30885 1.936446 0.000 

18 3.6 10.5 11.1 1.900685 0.036 

17 3 10.5 10.92016 1.869891 0.067 

16 2.4 10.5 10.77079 1.844314 0.092 

15 1.8 10.5 10.65317 1.824173 0.112 

14 1.2 10.5 10.56835 1.809649 0.127 

13 0.6 10.5 10.51713 1.800878 0.136 

12 0 10.5 10.5 1.797945 0.139 
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The values in Table 1 are for elements 19-12.  The delays for elements 12-5 would be the 
mirror image of the values. 
 
Figure 8 illustrates the delays for elements 5 to 19 as calculated using the material and probe 
parameters in the video.  Note that the delay times (in the 3rd and 5th columns) for the 
transmission and reception are identical to those times calculated in Table 1 made using the 
spreadsheet.   
 

 
 
Figure 8 Civa calculated delays for 10.5mm focus in glass 
 
The delays indicted in the Civa calculation window are identical to those used in the 
Tomoview software used to control the system used for the images.  
 
Beam modelling is often used to illustrate the pressure boundaries of the pulse propagating 
through a material.  The models are usually presented as colour-intensity plots of the 
maximum local pressures.  Photoelastic images provide only the pressure of the pulse at a 
specific point in time as defined by the strobe delay.  Schmitte et al [1] developed a video 
processing technique that allows the imaging of the accumulation of maximum intensities of a 
dynamic pulse.   
 
In Figure 9, good comparison can be seen between the predicted beam calculated by Civa and 
the accumulated maximum pressure plot using the image stacking technique developed by 
Schmitte.  
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Figure 9 Comparing Civa-modelled beam (right) with photoelastic accumulation of the 
beam (left).  
 
Using the IIA rendering feature in the photoelastic visualisation software, we can see the 
intensity mapped as an extruded image using the front and side views in Figure 10. 
 

 
Figure 10 Rendering of photoelastic accumulated image (front view left side view right) 
 
 
For more information about the photoelastic system see www.eclipsescientific.com.   
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