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Postgraduate Certificate in Underwater Acoustics Engineering

Ocean Acoustics Fundamentals

Ocean Acoustics Fundamentals:
Ocean acoustics is the study of sound in the ocean and its interactions with the marine environment.
Understanding the fundamentals of ocean acoustics is crucial for various applications, including underwater
communication, sonar systems, marine mammal research, and oceanographic studies. This glossary will
cover key terms related to ocean acoustics fundamentals in the context of the Postgraduate Certificate in
Underwater Acoustics Engineering.

1. Acoustic Impedance:
Acoustic impedance is a measure of the resistance of a medium to the transmission of sound waves. It is
defined as the product of the density of the medium and the speed of sound in that medium. Acoustic
impedance plays a critical role in the reflection and transmission of sound waves at interfaces between
different media.

2. Ambient Noise:
Ambient noise refers to the background noise present in the environment that can interfere with the
detection and interpretation of acoustic signals. In the ocean, ambient noise can come from natural sources
such as wind, waves, marine life, and geophysical processes, as well as human activities like shipping and
underwater construction.

3. Attenuation:
Attenuation is the reduction in the intensity of a sound wave as it propagates through a medium.
Attenuation can be caused by various factors, including absorption, scattering, and reflection of sound
waves. Understanding attenuation is essential for predicting the range and clarity of acoustic signals in the
ocean.

4. Beamforming:
Beamforming is a signal processing technique used to focus acoustic energy in a specific direction. In
underwater acoustics, beamforming can be applied to sonar systems to enhance the detection and
localization of underwater objects. By adjusting the phase and amplitude of individual acoustic elements,
beamforming can create a directional beam of sound.

5. Cetaceans:
Cetaceans are a group of marine mammals that include whales, dolphins, and porpoises. Cetaceans rely
heavily on sound for communication, navigation, and foraging. Understanding the acoustic behavior of
cetaceans is important for minimizing the impact of human activities, such as underwater noise pollution,
on these animals.

6. Doppler Effect:
The Doppler effect is the change in frequency of a sound wave observed by an observer moving relative to
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the source of the sound. In ocean acoustics, the Doppler effect is used to measure the speed and direction
of underwater objects, such as submarines or marine animals, based on the shift in frequency of the
reflected sound waves.

7. Frequency:
Frequency is the number of oscillations or vibrations per unit of time and is measured in hertz (Hz). In ocean
acoustics, frequency plays a crucial role in determining the propagation characteristics of sound waves,
including their speed, attenuation, and range. Different frequency bands are used for various applications,
such as low-frequency sonar for long-range detection and high-frequency sonar for high-resolution
imaging.

8. Hydrophone:
A hydrophone is a specialized microphone designed to detect underwater sound waves. Hydrophones are
used in various oceanographic and acoustic applications, including underwater communication, marine
mammal research, and sonar systems. Hydrophones can be deployed on the seafloor, attached to buoys, or
towed behind ships to capture acoustic signals in the ocean.

9. Impulse Response:
The impulse response is the output of a system when it is stimulated by a brief input signal known as an
impulse. In ocean acoustics, the impulse response characterizes how a medium or a system responds to a
short burst of sound. Understanding the impulse response is essential for analyzing the reverberation,
echoes, and reflections of acoustic signals in the ocean.

10. Multipath Propagation:
Multipath propagation occurs when sound waves travel along multiple paths between a source and a
receiver due to reflections and refractions in the medium. In underwater acoustics, multipath propagation
can lead to signal distortion, fading, and delay, making it challenging to extract useful information from
acoustic signals. Advanced signal processing techniques are used to mitigate the effects of multipath
propagation in underwater communication and sonar systems.

11. Noise Pollution:
Noise pollution refers to the excessive or unwanted sounds that disrupt the natural environment and can
have harmful effects on marine life. In the ocean, noise pollution can come from various human activities,
such as shipping, offshore drilling, and underwater construction. Understanding the sources, impacts, and
mitigation measures of noise pollution is essential for protecting marine ecosystems and wildlife.

12. Ray Theory:
Ray theory is a geometric approach used to model the propagation of sound waves in the ocean. In ray
theory, sound waves are represented as rays that travel along paths determined by the refraction and
reflection of the waves at interfaces between different media. Ray theory provides a simplified but effective
way to predict the behavior of sound waves in complex underwater environments.

13. Reverberation:
Reverberation is the persistence of sound in an enclosed space due to multiple reflections of the sound
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waves. In ocean acoustics, reverberation occurs when sound waves reflect off the seafloor, surface, or
underwater objects, creating a complex pattern of echoes. Understanding reverberation is essential for
distinguishing between direct signals and reflections in sonar systems and underwater communication.

14. Signal-to-Noise Ratio (SNR):
The signal-to-noise ratio is a measure of the strength of a desired signal relative to the background noise
present in the environment. In ocean acoustics, a high signal-to-noise ratio is essential for detecting and
interpreting acoustic signals accurately. Signal processing techniques are used to enhance the signal-to-
noise ratio in underwater communication, sonar systems, and marine research.

15. Sonar:
Sonar stands for Sound Navigation and Ranging and is a technology used for detecting and locating
objects underwater by emitting sound waves and analyzing the echoes reflected back from the objects.
Sonar systems are widely used in marine navigation, fisheries, defense, and oceanographic research.
Different types of sonar, such as active sonar, passive sonar, and multibeam sonar, are employed for various
applications in ocean acoustics.

16. Speed of Sound:
The speed of sound is the velocity at which sound waves propagate through a medium and is influenced by
the density and elasticity of the medium. In the ocean, the speed of sound varies with depth, temperature,
salinity, and pressure, affecting the transmission and reception of acoustic signals. Accurate knowledge of
the speed of sound is essential for designing and calibrating underwater acoustics systems.

17. Transducer:
A transducer is a device that converts one form of energy into another, such as converting electrical signals
into acoustic signals (or vice versa). In ocean acoustics, transducers are used to generate and detect sound
waves in underwater communication, sonar systems, and marine research. Transducers can be designed to
operate at different frequencies and depths for specific applications in the ocean.

18. Underwater Communication:
Underwater communication refers to the transmission of information using acoustic signals in the
underwater environment. Unlike terrestrial communication, underwater communication faces challenges
such as high attenuation, multipath propagation, and ambient noise. Various modulation and coding
techniques are used to improve the reliability and efficiency of underwater communication systems for
applications like underwater robotics, ocean monitoring, and offshore operations.

19. Waveguide Propagation:
Waveguide propagation occurs when sound waves are confined and guided along a particular path due to
the presence of boundaries or interfaces in the medium. In the ocean, waveguide propagation can occur
near the surface, seafloor, or thermocline, leading to enhanced range and reduced attenuation of acoustic
signals. Understanding waveguide propagation is important for optimizing the performance of underwater
acoustics systems in different oceanic environments.

20. XBT (Expendable Bathythermograph):
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An XBT is a device used to measure the temperature profile of the ocean from the surface to a certain
depth. XBTs are deployed from ships and consist of a probe connected to a thin wire that transmits
temperature data in real-time as it descends through the water column. XBT data is essential for calibrating
the speed of sound profiles used in ocean acoustics modeling and sonar operations.

21. Yagi-Uda Array:
A Yagi-Uda array is a directional antenna composed of multiple elements arranged in a line, with one active
element (driven element) and several passive elements (directors and reflectors). In ocean acoustics, Yagi-
Uda arrays are used in hydrophones and sonar systems to focus acoustic energy in specific directions for
detecting and tracking underwater objects. Yagi-Uda arrays offer high directivity and gain, making them
suitable for long-range acoustic applications.

22. Zero Crossing Rate:
The zero crossing rate is a measure of the number of times a signal crosses the zero amplitude axis within a
certain time interval. In ocean acoustics, the zero crossing rate is used to characterize the temporal
variations and frequency content of acoustic signals. By analyzing the zero crossing rate, researchers can
extract valuable information about the source, environment, and propagation of sound waves in the ocean.
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