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A Molecular-Electronic Hydrophone for Low-Frequency Research
of Ambient Noise in the World Ocean
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Abstract—This work is devoted to the problems of elaboration of the instrumental basis for low-frequency
sensing of ambient noise of the ocean. The experimental data of testing of the technical parameters of a
molecular-electronic hydrophone are given. The amplitude-frequency and noise parameters of prototypes
have been studied. The operation of a hydrophone with a frequency range of 0.02–200 Hz and sensitivity of
0.75 mV/Pa is described. Ambient noise was measured with the use of correlation analysis.
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The study of ambient noise of the World Ocean is
given great attention by the modern Earth sciences.
Natural noises are generated by different processes in
the ocean, Earth, and atmosphere. The experimental
investigations performed by G.M. Wenz are general-
ized in [1]. Nevertheless, the absence of the necessary
elemental base of measurements makes difficult study
of the low-frequency noise of the sea caused by pro-
cesses such as seasonal weather changes, tectonic pro-
cesses in the lithosphere, tides, and changes in under-
currents. The devices should be characterized by a suf-
ficient sensitivity, on the one hand, and by a low level
of internal noise, on the other hand. There are several
technologies of sensors of variations in acoustic pres-
sure: piezoelectric [2], optical [3], laser sensors based
on optical reflection in fiber [4] and Bragg lattices [5],
and the Fabry–Perot interferometer [6, 7], but they
are not always available with respect to a combination
of price and technical parameters for the study of weak
signals in the area of ultralow frequencies.

A technology based on the principles of molecular
electronic transfer (MET) of a charge, which has
shown good results in seismology and geophysical sur-
veys [8, 9], geodesy [10], and seismic safety [11], may
be used in the development of pressure sensors.
Devices based on MET are characterized by high sen-
sitivity and a low level of internal noise.

In this work, we present the results of development
of a wide-range (0.02–200 Hz) molecular-electronic
hydrophone characterized by a low level of internal
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noise and high sensitivity. Similar to all devices in
which MET is used, the operation of the molecular-
electronic hydrophone is based on the principle of for-
mation of a signal current, when fluid f lows through a
transforming electrochemical cell. A strong electrody-
namic feedback was used in the hydrophone to obtain
a wide amplitude range and high stability of character-
istics.

The fundamental operation principles of systems
based on MET are given in detail in educational [12]
and popular scientific [13] works and periodicals [14].
The electrochemical cell is the key element of a device
based on the MET technology (Fig. 1). It transforms
the electrolyte, which f lows through it, into the signal
current of the sensor. The working f luid in devices on
the basis of MET is traditionally represented by a
strongly concentrated water solution of the electrolyte
on the basis of potassium iodide (KI) or lithium iodide
(LiI) with a small addition of molecular iodine I2.

In the solution, KI is almost completely dissociated
into I– unions and positive K+ ions, and molecular
iodine reacts with I– ions with the formation of nega-
tive ions of triiodide according to the formula

. If the electrodes placed into solution
have a small potential difference (<0.9 V), the electro-
chemical reactions on electrodes are reversible and the
electrons transported over the boundary between the
metal and electrolyte solution enter into the reaction

. The reaction is direct on cathodes and
reverse on anodes. The concentration of the active
component is distributed in the system. Under the
conditions of the experiment, when external signals
are absent, the current through the electrodes is com-
pletely determined by the diffusion component. When
hydrodynamic f lows are present, convection transport
is added to diffusion, which results in higher or lower
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Fig. 1. Sensitive element of MET by the example of the
sensor of linear transportation. (1) Channel walls; (2) rub-
ber package; (3) electrolyte; (4) porous dielectric gaskets;
(5) external electrodes (anodes, A1, A2); (6) internal elec-
trodes (cathodes, C1, C2); (7) elastic membranes around
the channel.
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current in the system with respect to the direction of
fluid f low. The variations in the electric current caused
by hydrodynamic f lows represent the output signal of
MET. The construction of the hydrophone is similar
to the sensor of linear transportations schematically
described above. However, there are some important
DO

Fig. 2. Amplitude–frequency characteristic of the sensing
element of the MET hydrophone under self-calibration by
a coil (curve 1) and calibration on the test system of varia-
tions in pressure (curve 2). 
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differences, which enable us to use the MET cell for
measurement of variations in the external pressure.
One of the membranes of the hydrophone is opened to
the external medium, where the pressure varies as is
shown in Fig. 1. The second membrane is hermetically
covered by a solid cap, under which a small air bubble
is formed. This makes it possible to measure pressure
variations, because the pressure in the chamber with
air is changed upon deformation of the second mem-
brane.

The elements of force electrodynamic negative
feedback were used in the experimental device for sta-
bilization of the parameters and enlargement of the
dynamic range. When the feedback is opened, regular
signals may be applied to the coil and thus cause a
fluid f low through the cell, imitating variations in the
external pressure. At the known transmission parame-
ter of the feedback cascade, this procedure may be
used for hydrophone self-calibration under any condi-
tions, including those concerning the terrain. The
experimental data have shown that the frequency
dependence of the transformation coefficient of the
sensing cell of the hydrophone registered by the feed-
back coil under self-calibration corresponds to the
standard calibration by pressure (Fig. 2). This makes
significantly easier the calibration and verification of
the characteristics of sensors, in terrain conditions in
particular. In our research, we received examples of
MET hydrophones with sensitivity no less than
0.75 mV/Pa in the frequency band from 0.02 to
200 Hz, with a deviation of the parameter of no more
than 0.5 dB in the band (Fig. 3).

The internal noise was studied experimentally by
correlation analysis according to the approach
described in [15]. For this purpose, we used two iden-
tical closely located MET hydrophones. The spectral
densities of the power of a part of night records of two
molecular-electronic hydrophones (curve 1, 2) are
given in Fig. 4. The curve 3 is the internal noise of the
analog-to-digital convertor, and the curve 2 is an
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Fig. 3. Amplitude–frequency characteristic of the MET
hydrophone. 

1

mV/Pa

0.1

0.1 1 10 100 Hz



A MOLECULAR-ELECTRONIC HYDROPHONE 1581

Fig. 4. Experimental internal noise of the MET hydrophone in dB relative to µPa/ . 
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uncorrelated part of the spectral density, reflecting the
level of the internal hydrophone noise.

Thus, the data of our research describe the operat-
ing principle of a MET hydrophone by the example of
a prototype of the broad-range device with a sensitivity
of 0.75 mV/Pa in the frequency band of no less than
0.02–200 Hz.

ACKNOWLEDGMENTS
This work was performed at the Moscow Institute

of Physics and Technology and was supported by the
Ministry of Education and Science of the Russian
Federation, project no. 14.578.21.0243.

REFERENCES
1. G. M. Wenz, J. Acoust. Soc. Am. 34 (12), 1936–1956

(1962).
2. H. J. Cini and T. J. Meyers, US Patent No. 4178577

(1979).
3. D. Liu, Y. Liang, L. Jin, H. Sun, L. Cheng, and

B.-O. Guang, Opt. Lett. 41 (19), 4530–4533 (2016).
4. B. Shen, Y. Wada, D. Koyama, R. Isago, Y. Mizuno,

and K. Nakamura, in Proc. 21st Int. Conference on Opti-
cal Fiber Sensors (Ottawa, 2011), Vol. 7753, p. 77539W.

5. Y. Tan, Y. Zhang, and B. Guan, IEEE Sens. J. 11 (5),
1169–1172.

6. K. S. Kim, Y. Mizuno, and K. Nakamura, Ultrasonics
54 (4), 1047–1051 (2014).

7. J. Ma, M. Zhao, X. Huang, H. B. Y. Chen, and M. Yu,
Opt. Express 24 (17), 19008 (2016).

8. T. Deng, D. Chen, J. Chen, Z. Sun, and J. Wang, IEEE
Sens. J. 16 (3) (2016).

9. D. G. Levchenko, I. P. Kuzin, M. V. Safonov,
V. N. Sychikov, I. V. Ulomov, and B. V. Kholopov,
Seism. Instrum. 46 (3), 250–264 (2010).

10. D. Zaitsev, A. Antonov, and V. Krishtop, Proc. SPIE
10224, 102241H (2016). doi 10.1117/12.2267073

11. G. N. Antonovskaya, N. K. Kapustian, A. I. Mosh-
kunov, A. V. Danilov, and K. A. Moshkunov, J. Seis-
mol. 21, 1039 (2017). https://doi.org/10.1007/s10950-
017-9650-8

12. N. S. Lidorenko, B. I. Ilin, I. A. Zaidenman, V. V. Sobol,
and I. G. Shchigorev, An Introduction to Molecular
Electronics (Energoatomizdat, Moscow, 1984) [in Rus-
sian].

13. V. M. Agafonov, A. N. Neeshpapa, and A. S. Shaba-
lina, in Encyclopedia of Earthquake Engineering
(Springer, Berlin, 2015), pp. 944–961.

14. A. S. Shabalina, et al., Achiev. Mod. Radioelectron. 9,
4–33 (2014). http://www.radiotec.ru/cata-
log.php?cat=jr4&art=15249.

15. D. L. Zaitsev, V. Agafonov, E. Egorov, A. Antonov, and
A. Shabalina, Sensors 15 (11), 29378–29392 (2015).

Translated by I. Bel’chenko
DOKLADY EARTH SCIENCES  Vol. 483  Part 2  2018


	ACKNOWLEDGMENTS
	REFERENCES

