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Abstract 

Measurements are presented which show that the ultrasonic velocity v in aqueous solutions of common 
electrolytes increases with the ionic drift current density j, such that dv ex: exp(j!). 

Introduction 

It is well known that, when an ultrasonic wave propagates in an electrolytic solu­
tion, interaction between the mobile charge carriers gives rise to an electroacoustic 
effect (Debye 1933; Yeager et al. 1949, 1951, 1953; Derouet and Denizot 1951) and 
the electrical conductivity of the medium changes (Fox et al. 1946; Altenburg and 
Dorr 1952; Agarwal and Bhatnagar 1975, 1976). Although many experimental 
studies have been made on the velocity and attenuation of ultrasonic waves in electro­
lytic solutions, no attempts have yet been made to relate these propagational character­
istics to the underlying inter-ionic interactions. Explicit experimental results along 
these lines may be of some importance to underwater signalling and communication 
technology, as well as being of theoretical interest. 

Several attempts have been made to control the attenuation of ultrasonic waves 
by applying external electric fields and to develop travelling wave amplifiers for ultra­
sonic waves, but these have been mainly confined to propagation in semiconducting 
and piezoelectric materials (Hutson 1961; Smith 1962; Wang 1962; McFee 1963, 
1966). Apart from the early work of Nolle (1948) and Krishnamurthy (1951), no 
serious investigations have been made of electrolytic solutions under charge-drift con­
ditions. Nolle (1948) investigated a variety of liquids (polar, nonpolar, conducting 
and nonconducting) and concluded that an external electric field did not alter the 
velocity of propagation of an ultrasonic wave in a conducting liquid. He attributed 
all measureable changes in velocity to the effects of ohmic heating, caused by the 
passage of the AC current through the conducting liquid. Krishnamurthy (1951), in 
a study of several electrolytic solutions by an optical diffraction method, reported 
marked increases in the ultrasonic velocity, but he did not publish the magnitudes of 
the current and voltage employed so that no quantitative relation can now be obtained 
from his results. 

Clearly this important subject requires more detailed investigation, and so the 
present authors have undertaken a quantitative study of the velocity of ultrasonic 
propagation in several electrolytic solutions under the influence of the ionic drift 
obtained from the passage of a 50 Hz AC current. The ultrasonic velocity data were 
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obtained by an interferometric technique. Data on attenuation, obtained by a pulse 
technique, are still being examined; it is hoped that they will be published in the near 
future. 

Micrometer 

rnA 220V 

Thermostat 

Solution 

Crystal-it:!:=:::!!==::J 
RF oscillator 

Fig. 1. Schematic diagram of the interferometer cell arrangement used to demonstrate the dependence 
of the ultrasonic velocity on the ionic drift current. 

Experimental Arrangement 

The experimental arrangement is shown schematically in Fig. 1. The well-known 
interferometric technique (Pierce 1925; Greenspan 1950; Hall and Yeager 1973) 
was used. The cell containing the electrolytic solution has a capacity of 35 cm3 and 
the two thin electrodes have dimensions of 2 x 3 cm2 • The interior of the cell could 
be maintained at a constant thermostatically controlled (± o· 1°C) temperature be­
tween room temperature and 80°C by the circulation of water within a surrounding 
outer jacket. 

For the present experiment to succeed, it was essential to pass current through the 
solution for as short a period as possible to minimize the effects of ohmic heating. 
Strictly speaking, a DC current should have been used but this leads to deposition at 
the electrodes, which completely disturbs the state of the solution. The ionic drift 
motion was thus provided by a low frequency (50 Hz) AC current. This produces a 
10 ms period of drift reversal, which is many orders of magnitude greater than the 
ionic relaxation time (,...., 1 /1s). The AC current was allowed to flow for 30 s. We assume 
(but were unable to demonstrate with our apparatus) that any changes in the ultra­
sonic velocity due to ionic drift should have reached a steady value within 30 s. 
However, even with an AC source, a feeble deposition occurred at the electrodes 
after prolonged use. Care was taken to present clear electrodes and clean electrolytes 
during the experiments. 

We calibrated the apparatus in terms of the standard available data prior to each 
run. The velocity of ultrasonic propagation was then determined by interferometry 
for the following solutions of electrolytes: sodium acetate, calcium acetate, lead 
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acetate, zinc sulphate, sodium chloride, sodium iodide, potassium chloride and 
potassium iodide. The velocities were measured for ionic drift current densities of 
0, (1, 2(1, 3(1 and 4(1, where (1 = 0·83 kA m - 2. Corresponding values for the adiabatic 
compressibility p were then calculated from the relation 

where v is the ultrasonic velocity and p is the density of the solution. For sodium 
acetate, the velocity measurements were taken over a range of concentrations from 
0·5-3·0 M. The data for calcium acetate, lead acetate and zinc sulphate are for 35°C; 
the rest are for 30°C. 

Results and Discussion 

The experimental results are shown in Table 1, in which the velocities v" and com­
pressibilities p" correspond to current densities of O· 83a kA m - 2, with a = 0, 1, ... ,4. 
It is clear from these results that v" increases markedly with increasing a (i.e. with 
increasing ionic current density). A semilogarithmic plot of 10glO( v" - vo) versus at 
gives a set of parallel straight lines for these data. We thus have the following relation 
for the dependence of the change in velocity Avon the current density j 

Av = aexp(bjt) for j ~ 1 kAm- 2, 
with perhaps 

Av = a{ exp(bjt) - 1 } for 

where a and b are constants. 
Nolle's (1948) attribution of this effect to ohmic heating does not seem likely in 

our case because of the above relations. Ohmic heating effects should be proportional 
to j2 and should be many orders of magnitude less than the phenomenon we have 
observed. We therefore conclude that we have discovered a genuine dependence of 
the ultrasonic velocity on the ionic current density. We have been unable so far to 
explain our results in terms of a model of coupling between the ultrasonic waves and 
the drift velocity of the ions. Perhaps further experimental investigations may elucidate 
new information regarding interionic collisions. 
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