
 

  P AGE   0  

Near Field and Focusing Considerations with Wedges 
 

E.A.Ginzel 
Materials Research Institute, Waterloo, Ontario, Canada 

 
Abstract 
AVG (DGS) estimations, immersion tests using focused beams and now more recently phasbed-array examinations 
all require compensation for the effects of the coupling material on the near field or focal point.  Simple equations 
are used for the approximate positioning of a near field distance or focal point when a single medium is used (e.g. 
contact testing with a normal beam probe).  However, when an intervening material is used (such as a liquid bath 
for immersion or a delayline or refracting wedge) the position that the focus occurs is modified by the added 
soundpath in the coupling material.  With the readily available ability to alter the focal distance with a phased-
array probe the importance of considering the effects of the coupling path are highlighted.  
Keywords: Near zone, phased-array, focusing, delayline, focal planes 
 
Background 
 
Focusing of ultrasound is a common aspect in NDT tests.  Focusing has the effect of increasing 
the local pressure at a defined region to increase the signal to noise ratio.  It has the added effect 
of reducing the beam spot size at the focal region and thereby can reduce the effects of geometric 
or other interfering items that are just off-axis from the beam.   
An important aspect to keep in mind when focusing is the near field of the probe.  The near field 
distance can also be referred to as the “natural focus”.  For a flat, unfocused probe the near field 
distance defines the last interference peak in the Fresnel Zone after which the pressure drops 
constantly along the beam axis.  For the basic flat disc-shaped probe this point has the smallest 
diameter of the 6dB drop (perpendicular to the direction of beam propagation).   
The Near Field distance is typically identified by the equation [1] associated with the circular 
elements: 
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Where  
N = Near Field Distance 
D = Element Diameter 
f = Frequency 
v = Material Sound Velocity 
λ = Wavelength 
 
The second and third options are the approximations with the λ2 term dropped as it is usually a 
very small number compared to the diameter. 
Or for the more general condition using the probe area (to a maximum of a 2:1 ratio of probe 
sides for a rectangular probe) 
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The “spot size” diameter of the focal region for a circular element is estimated from the equation: 
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This can be simplified to  
 

FdBB DSD 2568.06 =−  

Where  
DB-6dB = Beam Diameter (at the 6dB drop boundary) 
F = Focal Length  
f = Frequency 
D = Element Diameter 
SF = Normalized Focal Length 
 
The “normalised focal length” is simply the ratio of the focal distance over the near field length.  
Since the focal distance can never be greater than the near field the value at the near field is  

 

DD dBB 2568.06 =−  

 
It follows that if the unfocused probe has a point that defines a maximum natural focal distance 
from the probe, the effect of “focusing” that probe can only occur for points along the soundpath 
that are less than the near zone distance.  
Immersion probes are often purchased with a specified focal distance in water.  These are almost 
always provided with spherically (or cylindrically) shaped elements.  Some probe manufacturers 
have made “contact probes” that are shaped or equipped with lenses to focus the beam.  When 
these contact probes are shaped, the probe is often defined with a diameter, frequency and “radius 
of curvature”.   
The radius of curvature for a probe will have a geometric focus that is the centre of the radius for 
the shaped element.  However, this is not the same as the focal distance in water (or other test 
medium).  
The focal length of a radiused probe will be a function of the acoustic velocity of the material it is 
radiating into.  Ermolov [2] provides an equation that indicates the approximate position along 
the beam axis where the diffraction focus occurs.  The approximation assumes that the aperture 
angle made is less than 30°.   
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Where p is the pressure at point x along the beam axis, p0 is the initial pressure at the probe 
surface, N is the calculated near field length from the equation N=S/πλ and F is the geometric 
radius of focus.  Figure 1 indicates the effect of this diffractional focusing as compared to the 
geometric focus.  Comparison is made for a 5MHz probe 12.5mm diameter radiating into water.  
The Flat condition indicates the Near Field “N” is at 130mm when radiating into water.  When the 
geometric focus, Fg (radius of curvature) is half the Near Field distance, (i.e. 65mm in Figure 1) 
the equation indicates an acoustic focus (Fa) of 52mm (i.e. 80% of the geometric focus).   The 
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traditionally accepted “working range” is the region above which the transmission pressure is over 
70% of the peak (indicated as the horizontal red line in Figure 1).  
 
Figure 1 Acoustic Focus Shift for Specified Geometric Focus 

  
 
Phased array focal laws use the Fermat principle to calculate the delays for a “minimum time” 
path for the beam to focus at a defined location.  In the Fermat Principle [3] the central ray 
following Snell’s Law locates the array with respect to the point of focus and then calculations are 
made for each raypath from the elements used to the point of focus.  This is effectively a variety 
of geometric focusing.  
 
Focusing with two media 
 
The above background indicated how the concepts of Near Zones and Focusing are approximated 
when a probe radiates into a single uniform medium.  However, when a beam is generated in one 
medium and then coupled into another, the initial conditions are modified.  This results in a 
change in the focal point or near zone relative to the probe surface if the second medium is closer 
than the Near Field or focal distance in the first medium.  
If we consider the immersion condition for a normal incidence the calculations for this 
approximation of the change is quite simple.  The distance of the new focal point or adjusted Near 
Zone is calculated by the ratio of the acoustic velocities of the two media.  
If for example we have an unfocused immersion probe 5MHz with a 12.5mm diameter it will have 
a near field distance of 130mm in water. If we position the probe over a thick steel plate that is 
only 50mm from the probe and coupled to the probe via the water, the near field position will shift 
closer to the probe.  This is illustrated in Figure 2 where the virtual focus (or near field distance) 
is indicated.  
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Figure 2 Near Field Shift in Second medium 
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where  Fv = new (virtual) focal length 
 Fw = focal length in water 
 Cw = acoustic velocity in water 
 Cm = acoustic velocity in metal 
 Xw = path length in water 
 Xm = path length in metal to focus 
 
For our example of a 130mm Near Field and the 50mm waterpath this indicates that the near field 
will move from 130mm from the probe face to Xw+(Fw-Xw)(Cw/Cm) = 50+(130-50)(1500/5900) = 
70mm from the probe surface.  
 
This same principle would apply to contact probes mounted on refracting wedges.  For example, 
if the probe was used in contact on a steel surface the shear mode of the 5MHz 12.5mm diameter 
element would have a natural focus (near field distance) of 61mm for an acoustic velocity of 
3200m/s.  If the operator uses this on a wedge made of cross-linked polystyrene at 2340m/s 
designed to refract the beam at 45° in the steel, it might typically have a path length along the 
centre ray to the exit point of about 10mm.  In the first example we calculated the reduction in 
waterpath equivalent.  This time we are reversing the conditions and finding the equivalent 
distance in metal with an intervening layer.   
 
To do so we start with the near field distance as calculated in steel for the shear mode and 
subtract the wedge path distance that is multiplied by the ratio of the wedge to steel velocities. 
Substituting these values in the same sort of equation we get: 
 

61- (10*(2340/3200)) = 53.7mm 
 
Therefore a probe on this wedge will have a maximum pressure at about 54mm into the steel in 
shear mode.  
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Phased Array probes on Refracting Wedges 
 
A new problem has arisen with the introduction of phased array probes.  The operator can now 
simply enter a focus for the “focal law” being used.  This is a “data entry window” in all system 
software provided by the manufacturers.  But too often the operator has no idea of what value to 
enter or has no idea of the other parameters to consider when addressing this aspect of phased-
array inspection setups.  This author has cautioned about the use of focused beams in weld 
inspections using phased arrays [4].  Focusing should only be used when the region of interest can 
merit the effect and it must be considered that the rate of pressure decay outside of that distance is 
generally much greater than for unfocused beams.  
 
Because it is seen as just one of the many parameter entry windows in a phased array setup, many 
operators feel obliged to enter a suitable value.  Even if the application COULD rationalise the 
use of a focused beam, the value entered is often inappropriate.  It is inappropriate primarily 
because the operator does not consider the requirement of focusing (i.e. it must occur at a sound 
path less than the near field distance).  Another issue rarely considered by the operator is the 
variation of this near field with the varying wedge soundpaths.  E.g. what may pass as a suitable 
focus point in one focal law may not be suitable in the others used in the same scan.   
 
Phased array scanning of weldments is typically automated so as to take advantage of line scans 
whereby the probe is moved parallel to the weld axis while the beams formed are swept at one or 
more angles across the weld to obtain full volume coverage.  
 
With phased array systems there is another important variation to be considered too. The plane of 
focus!  It is essential that the operator know the default settings of the system and if not suitable 
then customised focal laws are required if focusing is to be used.  Phased array instruments can be 
configured to focus in planes (vertical, horizontal and others) or, it may be used in the old 
fashioned way (like the immersion probes and focused contact probes) at a single distance along 
the soundpath (called half-path focusing in some phased array software).  
 
As with immersion and single-element contact probes, the limit for focusing is the near field 
distance along the sound path.  Most phased array probes now used in NDT are of the 1D or 
linear array types.  These produce rectangular apertures so the equation that should be used to 
estimate the near field distance is the more general N=S/πλ. Here S is the area of the probe and � 
is the wavelength based on the probe nominal frequency.  Ermolov instructs that this is valid for a 
length to width ratio of 2:1 maximum.  For the same area and frequency the beam produced will 
have about the same near field distance.  Figure 3 illustrates the effect of having the same aperture 
area and frequency and wedge path for single element round and square probes and rectangular 
aperture phased array probes. Modelled are the conditions for a 100mm2 aperture in a 5MHz 
probe with the same wedge paths for a linear phased array, a round single element and a square 
single element probe.  The red dots along the soundpath indicate the extents of the near fields in 
each case.  (Figures 3 through 6 are made using ESBeam Tool [5] which has incorporated the 
Ermolov equations for near field and makes the soundpath corrections for wedge materials). 
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Figure 3 Near Field similarities for constant aperture and wedge paths 

  
 
When the Near Field distance is calculated for an aperture using a phased array probe on a 
refracting wedge the calculations for correction are complicated by the fact that the selected 
grouping in an E-scan is sequenced along the array resulting in a constantly increasing wedge 
path.  Alternatively, for an S-scan, the wedge path also changes (although perhaps slightly less) 
based on the refracted angle selected.   
 
The following examples indicate the limitations intrinsic in focusing using phased array probes. 
Figure 4 indicates a 7.5MHz phased array probe with a 1mm pitch and 10mm passive plane 
aperture.  Illustrated is a set of seven focal laws (beams) made using 10 elements each and 
incremented along the array using an 8 element step. The focal laws are configured to be 
“unfocused” resulting in a 75mm metal path for the near field.  When the wedge path is added to 
this the distance that the beam travels in the steel is reduced.  As the beam is made to step ahead 
the sound path in the wedge increases for each focal law so the distance travelled to the end of the 
near field in steel in each beam is less and less.   
Figure 4 Near Field reductions in an unfocused E-scan 

  
 
When the operator now decides to focus at a specific location the importance of knowing the 
limits to focusing can be seen using the above equations for near fields, focal distances and wedge 
path delays.   This can be illustrated by comparing two S-scans with operator entered focal 
distances.  Figure 5 indicates the same aperture and frequency as in Figure 4 but now the focal 
plane is indicated based on steel soundpath.  58mm was entered as the focal distance.  This 
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matches the approximate limit of the near field in the S-scan that uses the first 10 elements so as 
to just image the blue dots that are provided to indicate the focal distance (in fact when a beam is 
“focused” at the near field distance no noticeable effect is seen on the pressure intensity at the 
focal distance).  However, when the second S-scan is observed it is seen to shift the maximum 
extents to shorter metal path distances due to the greater wedge path distances.  What results is 
that the intended “focal distance” of 58mm cannot be achieved.  
 
Figure 5  Near Field reductions in offset S-scans prevent focusing in half path 

 
 
When the beams are intended to focus in other planes (e.g. depth or vertically projected) the same 
limitations may occur as a result of those planes having path lengths that are not adequate to 
focus in all of the chosen planes.  These limitations are seen in Figure 6 where it can be seen that 
for a given depth the smaller angles in the second S-scan (elements 37 to46) could provide a 
focusing effect but for the higher angles the plane of interest would occur in the divergent region.  
Similarly, the deeper points in the vertical plane would occur in the divergent region of a set of 
focal laws designed for a projected vertical plane of focus.  
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Figure 6  Near Field path reductions prevent focusing S-scans in depth and projected 
planes  

 
 
Conclusions 
 
Failure to account for the requirement of focusing only within the near field distance can result in 
misleading expectations.  Now that phased-array systems are in common use and focusing is 
easily facilitated, it should be used sparingly and with a good knowledge of its effects and 
limitations.  
In the rare case where focusing is applicable and useful the effects of wedge path differences 
should be considered closely so as to ensure uniformity of response (Angle Corrected Gain 
compensation tools are not likely to be effective when using focused beams due primarily to the 
decreased working range in a focused beam).  
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