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Abstract 

A method for complete removal of phase distortions of the 

shear acoustic signal at its reflections on the faces of a solid 

sample under study is proposed, which enables to perform 

ultrasound wave velocity measurements with highest possible 

accuracy. 
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INTRODUCTION 

In traditional solid-state ultrasonic techniques to attain a 

reliable acoustic contact the presence of thin layers (liquid or 

solid) between the flat faces of the solids is almost 

indispensable. Each of these layers inevitably generates a 

parasitic phase shift in the acoustic signal both when passing 

through this layer and when reflecting from it. The reason are 

multiple reflections of the signal (echo signals) in the layer, 

each of them getting a corresponding phase shift, in general, 

dependent on the frequency. The superposition of the echo 

signals results in the cumulative parasitic phase shift. It is 

impossible to predict the magnitude of this shift a priori.  

The complete elimination of the parasitic phase shift is a 

prerequisite for achieving the highest possible precision in the 

acoustic measurements. A method to accomplish such 

elimination was proposed in the paper [1], but it is based on 

the idea which is applicable only to the longitudinal waves. 

Adaptation of this ideology to the ultrasonic measurements 

with use of the shear waves requires fundamentally different 

technical solutions, one of which is the subject of the present 

paper. 

 

THIN CONTACT LAYERS 

Among the various methods for determining the acoustic 

parameters of solids the pulse-phase methods give the highest 

precision. These methods are based on the comparison of the 

phase of two coherent signals which have a path difference in 

the sample under study. As it was noted above, the presence 

of thin contact layers between the solid surfaces gives the 

main contribution to the inaccuracy of the measurements. 

Indeed, for two echo signals of different orders which have 

the relative delay o  in the sample the anti-phase condition, 

which is the most convenient to fix, holds for the following 

series of frequencies: 

 
1

02
1 )(  nn nf   (1) 

where n is a non-negative integer number, corresponding to 

the order of interference, and εn is a frequency-dependent 

correction of the parasitic phase shift in the thin boundary 

layers. The principal limitation of the frequency band of the 

instrumentation (due to requirements for the signal-to-noise 

ratio) enables to measure only a limited number of frequencies 

(from fn to fn+m) of the series (1). As a rule, nm  , and, 

under moderate requirements for the accuracy,  for calculation 

of 
1
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  it suffices to put εn = const. Then 
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with the absolute inaccuracy 
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where δ is the absolute error of the frequency measurement. 

It was noticed in [1] that it is impossible to achieve an 

appreciable improvement of the accuracy by varying the 

integral Q-factor of the measuring equipment because the 

corresponding changes of the numerator and denominator in 

the formula (3) are similar to each other. 

 

In the case of the precise measurements an accurate 

determination of the values εn for each frequency n is 

required. This represents a separate problem [2], which makes 

the measurement process to be a cumbersome multistep 

procedure. 

 

ACOUSTIC MEASUREMENTS WITHOUT CONTACT 

LAYERS 

There is a few papers, for example [3,4], where measurements 

of the acoustic parameters of solids were carried out on 

longitudinal and shear modes without presence of the above 

mentioned  contact layers (glue free contact). In these 

measurements an acceptable signal level is achieved only 

under the condition of the ultra-high quality of the contacting 

surface finish and of a sufficiently strong pressing them to 

each other. However, the experience shows that even such 

measures do not provide a reliable acoustic contact over the 

entire contact surface but only on its small part. The area of 

this part depends on the pressing force in an irreproducible 

way and changes unpredictably with the temperature. This 

makes it virtually impossible to use echo signals in the sample 

that significantly reduces the accuracy of measurement of the 

ultrasound velocity and allows giving only rough estimates for 

the ultrasound attenuation. Note that in [3,4] the acoustic 

contact was realized between the surfaces of solid monolithic 

materials with sufficient hardness. 
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A completely different situation occurs when one of the 

contacting media is a porous matrix, the pores of which form 

the so-called "infinite cluster" (i.e., the connected-through 

system). For example, in papers [5,6] the method of “dry 

contact” was used for investigations of the acoustic properties 

of nanocomposites based on porous matrices («Vycor» glasses 

and silicate molecular sieves MCM). In these nanocomposites 

the nanometer-sized pores form a through system in the 

silicate framework with outlet over the entire surface and 

occupy a significant part (25 – 50%) of the entire sample 

volume. The schematic diagram of the acoustic path is shown 

in Fig.1. 

 

 
Figure 1. An embodiment of the acoustic path used for 

acoustic measurements in nanoporous composites and the 

scheme of formation of the path difference of the interfering 

signals: a and a* - piezotransducers, b and b* - solid 

monolithic acoustic ducts, c - nanoporous composite sample. 

 

Experience shows that at not very strong pressing to hard 

surfaces such matrices are in contact with them practically at 

the entire touch area. This can be explained by the fact that, 

despite the high hardness of the framework material (the 

amorphous SiO2), it, as a macroscopic object, has a 

sufficiently high mechanical compliance. In other words, it 

manifests itself locally as a soft spring of the solid material. It 

should be noted here that, from the point of view of the 

acoustics, at frequencies ν<109 Hz such porous matrices 

represent the continuum, since for the size of nanopores (d) 

and the acoustic wavelength (λ) the relation d  holds. 

Thus, for the acoustic signal the contact surface of the porous 

matrix with a solid medium is the perfect boundary between 

two media. And if the sizes of the media on the both sides of 

the border are sufficiently large (the semi-infinite media 

approximation), the passage of the signal of any frequency 

through this border does not lead to a shift of its phases 

( 0 ), and the reflection from it gives the exact values 

0  or   , depending on the ratio of the specific 

acoustic impedances ( cZ  ) of the both mediums. 

 

IMMERSION CONTACTS LAYERS 

The same situation holds also for "thick" immersion layers 

described in [1] (see Fig. 2), where a pulse-phase method is 

presented which gives the possibility to measure the velocity 

of ultrasonic waves in solid samples with the highest possible 

accuracy but only on the longitudinal modes. 

 
 

Figure 2. Embodiments of acoustic paths used in the 

proposed immersion techniques and the scheme of formation 

of the path difference of the interfering signals: a and a* - 

piezotransducers, b and b* - solid acoustic ducts, c and c* - 

immersion layers, d - the sample. The whole path is placed in 

the immersion liquid. 

 

The method is based on the complete elimination of parasitic 

phase shifts in the acoustic signal at passing through the 

sample boundaries and at the reflection from it as well. 

Fundamentally this is achieved by inserting of the "thick" 

immersion layers separating the solid surfaces. The minimum 

thickness of such a layer should ensure a delay of the acoustic 

pulse which exceeds the half of the pulse duration and, thus, 

prevents the overlapping of the echo signals. Under this 

condition the semi-infinite medium approximation for the 

immersion liquid at the layer boundaries can be considered to 

be valid. In this case, in the formula (1) at all frequencies the 

correction εn is equal to zero, therefore 

 )21/(1

0  nfn , (4)  

and 

 )21/()( 1

0  nf . (5)  

The comparison of the expressions (3) and (5) shows that in 

the second case the accuracy of determination of the 

parameter 
1

0

  is more than mn /2  times higher, that is 

approximately equal to the integral quality factor (Q) of the 

entire measuring system. Moreover, in this case increasing of 

the quality factor results in further proportional decrease of 

the error. 

 

POROUS CONTACT LAYERS 

From the foregoing it follows that if we replace the "thick" 

immersion layers (Fig. 2) by equally "thick" porous plates, the 

relations (4), (5) remain valid, moreover, in contrast to [1],  

they are equally applicable to both the longitudinal and the 

shear waves of arbitrary polarizations. 

For such measurements on the longitudinal and the shear 

modes a special "ultrasonic piezoelectric transducer with the 

dry acoustic contact" was designed [7]. Its construction is 

shown in Fig.3.  

 
Figure 3. An embodiment of an acoustic path with a "thick" 

porous plates and the scheme of formation of the path 

difference of the interfering signals: a and a* - 
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piezotransducers, b and b* - solid acoustic ducts, c and c* - 

porous glass plates, d - the sample.  

 

The transducer includes an acoustic duct with parallel end 

faces, made of a continuous solid material (b, b*), a 

piezoelectric plate glued to the one end face of the duct (a and 

a*), and a plate made of porous silicate glass (of type «vycor» 

or equivalent) glued to another end face of the duct (c, c*). 

In the described techniques with the thick porous plates the 

presence of a solid continuous acoustic duct is almost 

indispensable. This is necessary for a good matching of the 

specific acoustic impedances of the piezoelectric crystal and 

the duct that, in turn, is required for the generation of acoustic 

pulses with short edges. Direct contact of the piezoelectric 

crystal with the porous medium does not meet this 

requirement, since the values of their specific acoustic 

impedances differ from each other by 3–4 times. For example, 

for the nanoporous glass of type «vycor» for the shear wave 

Z~2.7∙106 kg/m2s, whereas for SiO2 or LiNbO3 piezoelectric 

crystals Z is of order of  107 kg/m2s. 

Thus, in the acoustic path there is an additional boundary 

between two media – the contact between the porous plate and 

the monolithic solid duct. It significantly attenuates the 

acoustic pulse, reflecting part of its energy back into the duct. 

In this case the energy loss can exceed 30% for the shear 

modes and will be slightly less for the longitudinal ones. 

However, this shortcoming is compensated by the advantages 

offered by the complete elimination of the parasitic phase 

shifts on the faces of the sample. 

In the future, it is possible to significantly reduce these energy 

losses via using the porous plates with a pore concentration 

gradient (ε) along the direction of the ultrasound propagation 

(i.e. along the plate thickness) instead of the homogeneous 

porous plates. The pore concentration gradient will results in 

the corresponding gradient of the acoustic properties. Indeed, 

on monotonic decreasing of the plate porosity from the 

standard value (ε ~ 25–30%) to ε=0 (monolithic medium 

without pores) their specific acoustic impedance increases 

monotonically from Zmin ~ 2.7∙106 kg/m2s to Zmax 

~7∙106 kg/m2s. 

The contact of the monolithic end of such a gradient porous 

matrix with the solid monolithic acoustic duct made of the 

quartz glass (Z ~ 8∙106 kg/m2s) can be considered as perfect 

because it ensures that the energy losses due to reflection are 

about  1%. 

In order to avoid reflection losses in the thickness of the 

porous matrix itself, it is necessary that the gradient of its 

acoustic properties across the thickness (the “x” axis) is 

sufficiently small:  

 1
dx

dZ

Z


, (6) 

where λ is the wavelength of the ultrasound. In such matrices 

for shear modes at frequencies F~1 MHz the ultrasound 

wavelength is about 1.7–3 mm. Then, to satisfy the condition 

(6) in the interval of the impedance [Zmin, Zmax] the minimum 

thickness of the gradient porous plate should be about 20 – 

25 mm. The production of such plates is a technological 

problem, which lies in the sphere of competence of the 

developers and manufacturers of porous matrices. With 

increasing of the working frequency the thickness of the plates 

decreases proportionally, which, probably, simplifies the 

technology of their production.  

 

In conclusion, one more undoubted advantage of the use of 

the nanoporous plate should be noted. They, in contrast to the 

thin layers, allow carrying out experiments in the whole 

temperature range of their existence since they maintain the 

reliable acoustic contact with other hard surfaces for all 

acoustic modes. The reason is at such a contact the wetting 

effect is absent and thus there no risk of breaking of the 

contact due to the difference of thermal expansion 

coefficients. 
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