ACOUSTIC-OPTICAL INVESTIGATIONS OF TRANSVERSAL HYPERSONIC WAVES IN LIQUID SALOL
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Frequency and temperature dependences of the velocity of transversal hypersonic waves in liquid salol (phenyl salicylate) were studied using the Bragg light diffraction on transversal hypersonic waves in LiNbO3 crystal. It is well known that the intensity of diffracted light is dependent on the sound intensity. The diffracted light intensity can be also changed, if a drop of liquid matter (in our case – salol) to the free crystal facet we can observe the decreasing of light intensity because the part of acoustic energy passes through bound to liquid phase.

The measuring of this energy part allows to calculate the acoustic impedance of the investigated liquid, and to determine the velocity of appropriate hypersonic wave. In contrast to known acoustic impedance method our method enables to determine the velocity value more precisely, because we can control the incident and reflected signals at the same time. Using the standard calibration of generator, it is possible to change the light intensity to the original value and repeat any measurement.
The investigations have been realized at frequency range from 0.2 to 0.6 GHz and at temperatures 20 and 40 degrees centigrade. In investigated frequency range has been detected the frequency dispersion of the transversal hypersonic wave velocity in salol. 

Acousto-optic measuring system 
Fig. 1 shows a block diagram of the standard experimental apparatus and acousto-optical laser system for control of physical and technical parameters in crystals.


FigURE 1.
Block diagram of acousto-optical laser system for observation of Bragg light diffraction

1 - Laser,

2 - Incident beam,

3 - Piezoelectric transducer,

4 - Acoustic wave,

5 - Sample,

6 - Mechanical device for precise transference,

7 - Thermostat,

8 – Diffracted beam,

9 - Registration system

The system is based on the Bragg light diffraction on acoustic waves. All the characteristics of diffracted light are dependent both on parameters of acoustic wave and from properties of investigated crystal. It allows to measure photoelastic constants, attenuation and velocity of acoustic waves at various temperatures, frequencies. On these data it is possible to find kinetic characteristics, temperature changes in structure of materials, etc.
The detail block-diagram for the observation of diffracted light in crystal is shown at figure 2.
[image: image1.jpg]



FigURE 2.
Block-diagram for observation of diffracted
light beams in transparent crystal.

1 – Investigated sample,
2 – Piezoelectric transducer,

3 – Elastic wave front,
k1 – Wave vector of incident light,
k2 - Wave vector of diffracted light,
q - Wave vector of acoustic wave,
α – Hade of light beam,
β – Refraction angle of light beam.
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FIGURE 3.
OSCILLOGRAM OF LIGHT PULSES       

RESULTS OF MEASUREMENTS
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TABLE 1
Frequency dependence of the velocity of transversal waves 

in liquid salol at 20 oC

	(, MHz
	V, m/s



	
	Calculation from data of optical investigations [Starunov, etc]


	Calculation for Newton’s waves
(by formula 
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	Experiment

	100

	140
	145
	

	196

	182
	205
	90

	307

	192
	255
	102

	420

	195
	297
	150

	474

	205
	317
	155

	600

	216.3
	354
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FIGURE 4.
FREQUENCY DEPENDANCE OF VELOCITY OF 

TRANSVERSAL WAVES

1 - Experiment

2 - Calculation from data of optical investigations [Starunov, etc]
3 - Calculation for Newton’s waves (by formula
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TABLE 2
Temperature dependence of the velocity of transversal waves in liquid salol at 420 MHz

	Temperature, °С.


	Velocity, m/s



	
	Calculation from data of optical investigations [Starunov, etc]


	Calculation for Newton’s waves
(by formula 
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	Experiment

	20


	195
	347
	154

	30


	181


	277


	150



	46.5


	148
	189
	66.4

	65


	127
	145
	32.9
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FIGURE 5.
TEMPERATURE DEPENDANCE OF VELOCITY OF 
TRANSVERSAL WAVES
1 - Experiment
2 - Calculation from data of optical investigations [Starunov, etc]
3 - Calculation for Newton’s waves (by formula
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It is well known that the intensity of diffracted light is dependent on the sound intensity. The light intensity can be changed by modification of the signal amplitude of generator by which the acoustic wave is excited. At the same time if we put the liquid matter to the free crystal facet we can observe the decreasing of light intensity because the part of acoustic energy passes through bound to liquid phase. The measuring of this energy part allows to calculate the acoustic impedance of the investigated liquid, and to determine the velocity of appropriate hypersonic wave. In contrast to known acoustic impedance method the offered method enables to determine the velocity value very precisely.
In present work Bragg light diffraction on the hypersonic wave in fused quartz has been used for measuring of the transversal hypersonic wave’s velocity in liquid salol. The original results were obtained at frequency range from 420 to 1200 MHz. In investigated frequency range has been detected the frequency dispersion of the transversal hypersonic wave velocity in salol. All necessary calculations have been made taking into account various factors, which can be changed while the acoustic wave is propagated in sample. As a whole this method is quite new way that will be useful for investigation of the transversal hypersonic waves in liquid matters.

The known theory of Starunov gives the formula for calculation of transversal wave’s velocity
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(  )

Here  ( - viscosity of liquid 

( - acoustic wave’s frequency, 
( - density of liquid,

T( - a character relaxation time  
For calculations we used the data from Starunov’s investigations of Riley line structure.

The observed difference calculated values with experimental results can be explained that we did not consider the attenuation of acoustic waves in liquid. It is can reduce the calculated velocity’s value.

Conclusion

The new technology for studying of longitudinal and transversal hypersonic wave’s velocity in liquids is proposed. The method is differed from all the existing technologies for measuring acoustic wave velocity. The method gives the way to determine the velocity of artificial transversal hypersonic waves in liquids. In the proposed method is used the Bragg light diffraction on the hypersonic wave in any buffer solid sample if only that has the high acoustic-optical quality.

As a whole the proposed method is quite new way that will be useful for investigation of the transversal hypersonic waves in any liquid matters.
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