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Preface

Humans have been trying to understand the mysteries of marine informa-
tion. When people learn that sound waves can function as a carrier of underwater
information,a wide range of underwater acoustic systems with different applica-
tions have been born. To increase efficiency, performance improvement of acoustic
systems is linked closely to the effective transmission of acoustic signals and
increase in signal to noise ratio, which leads to the emergence of the discipline of
underwater acoustic engineering. To better understand and utilize the information
contained in the sound field, underwater sound pressure signal receiver,i. e. .
sound pressure hydrophone with a given size and density has become one of the
basic means. However, in the practice of acoustic signal reception, in order to
understand more physical information besides the sound pressure, the develop-
ment of one-dimentional, two-dimentional, and three-dimentional sound pressure
gradient hydrophone have been explored. The sound pressure gradient hydro-
phone with the same phase center and multi-component is called vector hydro-
phone which has been widely used ever since its occurrence. The size, weight,
energy consumption, low-frequency performance and access to information repre-
sent substantial advantages of vector hydrophone over traditional sound pressure
hydrophone. Considerable attention has been focused on the suppression of iso-
tropic background noise in the ocean by vector signals for the reception of vector
signals leads to the improvement of signal-to-noise ratio.

This work can be traced back to the basic acoustic concepts put forward by
Mr. Rayleigh in his famous book Theory of Sound published in 1877. A device
was designed to measure the particle vibration velocity in the air also by Mr.
Rayleigh in 1882. In 1920, scientist C. V. Drysdale published a paper entitled
“The mechanical properties of fluids” in which he described the process of obtai-
ning the sound pressure gradient in water media by means of neutral buoyancy
receiver, but this article failed to attract much attention. In 1929, a Frenchman
M. Carrier also studied particle vibration velocity measurements. It is generally
believed that two Germans Conrad Tamp and Ervin Mayer first conducted studies
on the measurement of sound pressure gradient. However, until the occurrence of
microphone with a given bandwidth in 1931, the measurement of the sound pre
ssure gradient was realized,and extensive research work continued afterwards.

The difficulty encountered at that time was the lack of a sensor with stable
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performance, compact size (compared with the wavelength) ,and high sensitivity,
therefore two identical hydrophones were reversely connected to realize the
reception of acoustic pressure gradient and this approach has been used to this
day,which obviously hindered the development of vector reception technology.

Meanwhile, research on the acoustic pressure gradient receiver with the same
phase center never stops. Intensive research has been carried out in various coun-
tries. In the mid 1950s, the sound pressure gradient receiver was studied by the
United States Navy. though in constant improvement, it was used in the sono-
buoy. In the sixties of last century.a Frenchman developed a sound pressure
gradient sensor by using piezoelectric ceramics. In Japan, a dual-channel sound
pressure gradient receiver was designed with double chip piezoelectric sensor.
From the 1970s,1in order to develop radio sonobuoy. United States Navy started a
combined receiver.later known as vector receiver. Obviously, higher requirements
for radio sonobuoy facilitated the development of sound pressure gradient hydro-
phone and later the combined receiver (vector hydrophone) occurs.

In the course of this development.Russian underwater acoustic research has
been remarkable. The department of Acoustics in Russia l.omonosov Moscow
State University chaired by Professor Pxeskun studied acoustic sound pressure
gradient receivers extensively during the period from 1944 to 1951. Later, many
scientists and research institutes in Soviet Union was also involved including
“Gidropribor” Research Institute (Leningrad) . Leningrad Shipbuilding Institute,
Far Eastern State University (FESU) . Far East Polytechnic Institute (FEPI),
*Storm” Design-Engineering Department (Kiev, Ukraine), All-Russian Resecarch
Institute of Physicotechnical and Radiotechnical Measurements ( Mendeleevo,
Moscow) , * Kvant” SPA (Research Institute of Current, Moscow) and some
other institutions . In 1975 various models of vector hydrophones with low and
high frequencies have been developed. In the late 1970s. the sound pressure gradi-
ent receiver based on fixed arrays and towed array sonar technology was paten-
ted. Later,to meet the needs of acoustic applications, modular receiver 1. e, . vec-
tor hydrophone, the perfect combination of particle vibration velocity hydrophone
and sound pressure hydrophone has become a preferred option in underwater
acoustic engineering with operating frequency ranging from a few hundredths of a
hertz to 10,000 hertz or higher. Some people believe that the occurrence of vector
hydrophone revolutionized underwater acoustic technology. The prevention of ro-
tational vibration in the water resulted in the occurrence of co-oscillating receiver
with better performance.

Earlier on from 1985 to 1989, vector hydrophone technology has been applied

1o sonar equipment including towed array sonar and buoy in the Soviet Union.
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In 1996 US has set up a special research agency to study noise characteristics
measurement of marine target including submarines by this new signal reception
technology and the corresponding technical protection measures.

In the 1970s and 1980s.Chinese researchers also studied sound pressure gra-
dient receiver. Professors in Harbin Engineering University in the 1990s have
successfully developed China’s first vector hydrophone. Their research work
described in this book will continue.especially amidst strong demands for under-
water acoustic technologies in the process of implementing China’ s maritime
power strategy.

The authors of this book are personally involved in the development of vece-
tor hydrophone in their own country and have years of research experience in this
field. This book introduces the basic theories in the vector acoustic field and vec-
tor hydrophones developed accordingly. Interestingly enough.this new receiver is
named differently even with scholarly exchange and communication in this field.
In Russia,scholars believe that this receiver is composed of a variety of basic sen-
sors.it is called “Komonuuposanublit npuemuuk s in the US. it is named “vector
transducer”.while vector hydrophone is widely used by Chinese scholars due to
historical traditions. In this book. we adopt the name *vector hydrophone”.
Despite the different names, progress in this field is remarkable world wide. In
the spring of 2005, a famous Russian vector acoustics expert B. A. Ulypos was
surprised when he visited the lab of Harbin Engineering University saying he has
seen “the best vector hydrophone in the world”.

Russian author B. A. Topauenxo is a Professor of Acoustics Department
at Moscow State University. He. together with Professor Pyeskuu. has been
studying vector hydrophone for years and is a distinguished acoustic scientist.
Chinese authors Prof. Yang Desen and Prof. Hong Lianjin are pioneer researchers
in this field under the guidance of famous Profl. Yang Shie,a member of Chinese
Academy of Engineering. Based on long-term cooperation and academic ex-
change, this book is a product of the advances and achievements in the ficld of
vector hydrophone. A small step forward by standing on the shoulders of our pre-
decessors. our research work is endless. The Chinese authors feel grateful to
Academician Yang Shie for his guidance and vision throughout the research
process. We would like thank all the people who have supported the development
of vector hydrophone technology. Special thanks goes to Prof. Liu Bosheng for
the review of this book.
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