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1.  Introduction 
 

This technical note is Part 9 of a series 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 9 

we examine the features of a pulse introduced into a flat-surfaced solid under immersion 

conditions.  

 

Immersion testing typically involves the test object and the transducer being submerged in a 

liquid (usually water) that acts as the coupling medium.  The probe is not usually in contact 

with the test specimen.  Connection of the probe to the ultrasonic instrument is usually made 

via a cable connected to a “search-tube” (or probe mast) which is simply a stainless steel 

housing with water-proof electrical connections at either end.  For a general overview of 

immersion testing see Figure 1.  

 

 

 
 

Figure 1 Components of an ultrasonic immersion test (image courtesy NDT.net) 

 

 

A probe manipulator can be fitted between the end of the search-tube and probe to allow the 

operator ability to optimise the angle of incidence on the test specimen.   

 

For this demonstration a standard immersion-style probe was selected.  The probe was 19mm 

diameter 2.25MHz and equipped with a waterproof UHF connector.  The probe was mounted 

in a manipulator that allowed angulation of the beam in the X and Y planes.   
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Pulsing of the probe was provided using the USBox (by Lecoeur) with the pulser tuned to 

provide the optimum output.  This required a 3 cycle 375V pulse tuned at 2.5MHz.  

 

A glass sample used in previous demonstrations provided the test piece.  The sample was 

soda-lime float glass with a nominal thickness of 19mm.  Soda-lime float glass has acoustic 

velocities of 5840m/s compression mode and 3460m/s shear mode.  The block was arranged 

to ensure that the 5mm diameter side drilled hole was in the beam path of the pulse.  

 

The photoelastic imaging system was configured to provide an optimised image starting with 

the strobe-light delay adjusted to observe the pulse at a point just after exiting the probe.  

Waterpath distance of the probe to the surface of the glass was 9mm.  Attenuation of 

ultrasound in water is very low compared to contact testing with a refracting wedge.  

However, immersion testing presents a problem in obtaining adequate sound pressure in the 

glass due to losses by reflection upon entry.  With a density of 2.53g/cc, the acoustic 

impedance of soda-lime float glass is 14.8MRayls (water is about 1.5MRayls).  Contact 

testing is often done using a cross-linked polystyrene wedge (density 1.04g/cc velocity 

2340m/s).  Acoustic impedance of polystyrene would then be 6.1MRayls.  For a water to 

glass boundary condition, over 80% of the pressure is reflected yet for a polystyrene to glass 

boundary only about 60% of the pressure would be reflected.   

 

Positioning of the probe over the glass is illustrated in Figure 2.  

 

 

 
 

Figure 2 Immersion probe positioning 

 

Note that the probe diameter and the glass sample thickness are both 19mm.  As a result, it is 

possible for a small portion of the pulse in water to pass beside the sample without entering.  

There will be a portion of the pulse entering the glass that will suffer some mode conversion 

due to glancing incidence along the glass surface.  However, this will be parallel to the light 

path so not imaged in the photoelastic process.   



 

 

2.  Comments on the Video 
The video begins with the pulse having just formed at the face of the probe.  Three bright and 

three dark bands can be seen that define the 3 cycle pulse and there appears to be two or three 

weaker cycles lagging the leading pulse.  This suggests that the probe has less mechanical 

damping than probes used on previous demonstrations.   

 

As the strobe light delay is increased we see the leading edge of the pulse develop curved 

ends on each side as it moves away from the probe.  The curvature at the sides of the 

wavefront can be seen to curve both outwards from the probe housing and inward towards the 

centre of the probe.  This is typical of the tip-diffraction pattern seen at the edges of all 

probes.  

 

By using the image of the ruler on the right side of the video we can determine the 

wavelength of the pulse in the water and in the glass.  This indicates the wavelength in water 

for the 2.5MHz pulse is 0.6mm and when the pulse enters the glass it increases to 2.3mm.  

This matches the predicted wavelengths from the familiar equation λ=v/f.  

 

 

 
 

Figure 2 Pulse approaching (left) and reflecting-transmitting (right) at water to glass 

interface 

 

In Figure 2 we see that the leading edge of the plane wavefront is characterised by a bright 

band as it leaves the probe.  Upon reflecting from the harder (higher acoustic impedance) 

glass surface we see that the leading edge of the reflected plane wavefront is still the bright 

band.  This suggests no phase change and confirms the predicted positive value of the 

reflection coefficient when we solve the equation for the reflection coefficient: 

 R=
�����

�����

 

 

Figure 2 further illustrates the effect of the tip-diffraction pattern as the pulse enters the glass.  

Because the diffraction provides angles of incidence other than the perpendicular incidence of 

the plane wavefront, mode conversion can occur in the glass.  Pronounced arced shape shear 

mode pulses form at the outer edges of the entry points of the beam.  These are recognisable 

by their wavelength being about half that of the compression mode in the glass.  

 

The compression mode pulse continues towards the side drilled hole and reflects at its surface.  

Figure 3 illustrates the pulse just as the reflected compression mode from the side drilled hole 

has returned to the entry surface and at about the same time as the mode-converted shear arcs 

are approaching the depth of the hole.   



 

Note also that because the glass block is submerged in water, the hole cavity is filled with 

water and can therefore allow sound pressure to transfer from the glass into the water in the 

hole.  Because of the circular shape of the hole there is a focusing effect of the pulse that is 

transmitted.  The enlarged image to the right in Figure 3 indicates the approximate smallest 

achievable focussing that occurs.  This is estimated at 0.7mm and agrees with the rule of 

thumb that the smallest possible focal spot size is on the order of the wavelength at the 

nominal frequency of the pulse.  

 

Mode conversion from compression to shear is also clearly seen as the compression mode 

wave front passes the side drilled hole and both modes radiate off the surface of the hole.  

 

 

 

 
 

Figure 3 Pulse-passes through hole and achieves maximum focussing 

 

 

Just as the reflected wave that is returning to the probe from the top surface of the glass block 

reaches the probe we see the reflected pulse from the top of the hole reflecting and 

transmitting at the glass/water interface.  These pulses approaching the probe are illustrated in 

Figure 4.   

  

0.7mm 



 

 
 

Figure 4 Waterpath pulse arriving at probe and later arriving pulse from hole 

 

 

The final frames of the video show the initial pulse again reflecting off the probe and 

returning towards the glass.  This would be the source of “waterpath multiples” in immersion 

testing.  The operator would want to ensure that any signal of concern originating in the tested 

component would arrive at the probe prior to the second reflection of the waterpath pulse 

(probe to test-surface) arriving back at the probe.   

 

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= 14392&content=1 
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