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LONG-TERM GOALS 

Characterize the spatial and temporal statistics of the ambient noise field from the sea surface down to 
the greatest depths in the ocean. 

OBJECTIVES 

The objective of the deep ambient noise project is to develop and deploy a broadband (0.05 - 60 kHz), 
multi-sensor system capable of monitoring sound to the deepest depths (11,000 km) in the ocean. The 
system will return depth profiles of  the noise spectral level and vertical coherence. 

APPROACH 

Two Vitrovex glass hemisperes of approximately 0.4 m internal diameter are used to form a complete 
sphere, which contains data acquisition and storage electronics. Throughputs connect external 
hydrophones and pressure/temperature sensors to the interior of the sphere. As the system descends 
into the ocean under the influence of gravity at a terminal speed of about 1 m/s, the broadband (0.05 - 
60 kHz) ambient noise is detected on two hydrophones, separated vertically by about 0.5 m. At the 
lowest point in its descent, which may be as deep as 11,000 m, a drop weight is released via a burn 
wire, and the system returns to the surface under its own buoyancy. Recovery is achieved with the aid 
of an Argos antenna, an RF locator beacon and a high-intensity strobe light. 

WORK COMPLETED 

The data acquisition and storage electronics have been designed and fabricated. The circuits have been 
assembled into the Vitrovex sphere, along with pressure and temperature sensors. Several successful 
trial deployments have been made in the ocean to depths of about 1000 m using standard ITC 
hydrophones. New hydrophones, rated to depths of 7000m or greater, have recently been acquired and 
are currently being modified for integration into the deep ambient noise system. A set of recovery 
antennas has also been installed in the system. At-sea tests of the system to its maximum rated depth, 
which is in excess of 7000 m, are planned for later in the year. 

RESULTS 

Half a dozen trial deployments of the deep ambient noise system to a depth of about 1000 m in the 
ocean have been completely successful. To date, the system in all but one of these deployments has 
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been tethered, as a precautionary measure in the event that the burn-wire weight-release were to fail. In 
fact, there were no failures, so finally the system was allowed to free-fall to 1000 m, where the descent 
terminated as planned, and it began its ascent back to the surface. Fig. 1 shows the recovery of the 
system after one of the tethered deployments. During the trial descents, ambient noise profiles were
recorded on the two vertically separated ITC hydrophones over the frequency band from 0.01 to 60
kHz. Apart from a few minor problems in the first deployment from rubbing ropes, causing 
intermittent interference, the acoustic data are of good quality, giving us the noise spectral density and
the vertical coherence as functions of depth and frequency. We are currently in the process of installing
the new hydrophones with a depth rating of at least 7000 m. 

Fig. 1. Deep ambient noise system, complete with recovery antennas and two vertically separated
ITC hydrophones. The Vitrovex sphere containing the data acquisition and storage electronics is

inside the plastic orange casing. 
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IMPACT/APPLICATIONS 

The depth capability of the deep ambient noise system opens up a number of potential applications, in 
addition to recording ambient noise. For example, the system could be used to investigate the acoustic 
properties of hydrothermal vents, which are typically found at depths around 5000 m, well below the 
performance limit of most hydrophones. Another interesting possibility is to exploit the steady descent 
and ascent rates to provide a synthetic aperture in the vertical. A synthetic vertical aperture of 1 km, 
say, could yield enhanced signal detection while remaining entirely covert. 

TRANSITIONS 

It is too early for a transition, since the deep ambient noise system was only recently conceived and is 
still under development. 

RELATED PROJECTS 

None at present. 

PUBLICATIONS 

Journal Articles & Chapters in Book 
1. 	 D. R. Barclay and M. J. Buckingham, “On the shapes of natural sand grains”, J. Geophys. Res. 

(2008) [accepted, refereed]. 

2. 	 S. D. Lynch, G. D’Spain and M. J. Buckingham, “Temporal variability of narrow-band tones in a 
very shallow coastal waveguide”, J. Acoust. Soc. Am., (2008) [submitted, refereed] 

3. 	 M. J. Buckingham, “On the transient solutions of three acoustic wave equations: van 
Wijngaarden’s equation, Stokes’ equation and the time-dependent diffusion equation”, J. Acoust. 
Soc. Am., (2008) [in press, refereed] 

4. 	 M. J. Buckingham, “On pore-fluid viscosity and the wave properties of saturated granular materials 
including marine sediments”, J. Acoust. Soc. Am., 122, 1486-1501 (2007) [published, refereed] 

5. 	 M. J. Buckingham and E. M. Giddens, “Theory of sound propagation from a moving source in a 
three-layer Pekeris waveguide”, J. Acoust. Soc. Am., 120, 1825-1841 (2006) [published, refereed] 

6. 	 M. J. Buckingham and E. M. Giddens, “On the acoustic field in a Pekeris waveguide with 
attenuation in the bottom half-space”, J. Acoust. Soc. Am., 119, 123-142 (2006) [published, 
refereed] 

7. 	 M. J. Buckingham, “Causality, Stokes’ wave equation and acoustic pulse propagation in a viscous 
fluid”, Phys. Rev. E., 72, 026610(9) (2005) [published, refereed]. 

8. 	 M. J. Buckingham, “Compressional and shear wave properties of marine sediments: comparisons 
between theory and data”, J. Acoust. Soc. Am., 117, 137-152 (2005) [published, refereed]. 
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9.	 M. J. Buckingham, “Acoustic remote sensing of the sea bed using propeller noise from a light 
aircraft,” in Sounds in the Sea: Introduction to Acoustical Oceanography, edited by H. Medwin, 
(Cambridge University Press, Cambridge, 2005) pp. 581-597 [published, refereed]. 
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Soc. Am., 114, 3112-3118 (2003) [published, refereed]. 
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formed by a plunging water jet,” Proc. Roy. Soc. Lond. A, 459, 1751-1782 (2003) [published, 
refereed]. 

14. M. J. Buckingham, E. M. Giddens, F. Simonet and T. R. Hahn, “Propeller noise from a light 
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aircraft for underwater acoustics experiments?,” Acta Acust. united with Acust., 88 (5), 752-755 
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Comp. Acoust., 9 (3), 1215-1225 (2001) [keynote address, published, refereed]. 
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20. M. J. Buckingham, “Precision correlations between the geoacoustic parameters of an 
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21. M. J. Buckingham, “Wave propagation, stress relaxation, and grain-to-grain shearing in saturated, 
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and Applications, vol. 1, Sensors and Imaging, B. Jähne, H. Haubecker, and P. Geibler, Eds. San 
Diego: Academic Press, 1999, pp. 415-424 [published, refereed]. 

26. M. J. Buckingham, “Acoustic pulse propagation in dispersive media,” in New Perspectives on 
Problems in Classical and Quantum Physics. Part II. Acoustic Propagation and Scattering -
Electromagnetic Scattering, vol. 2, P.P. Delsanto and A. W. Sáenz, Eds. Amsterdam: Gordon and 
Breach, 1998, pp. 19-34 [published, refereed]. 

27. M. J. Buckingham, “Theory of compressional and shear waves in fluid-like marine sediments,” J. 
Acoust. Soc. Am., 103, 288-299 (1998) [published, refereed]. 

28. G. B. Deane, M. J. Buckingham, and C. T. Tindle, “Vertical coherence of ambient noise in shallow 
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column,” J. Acoust. Soc. Am., 103, 801-813 (1997) [published, refereed]. 
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Conferences, Workshops and Seminars 

1.	 M. J. Buckingham, “Sound waves and shear waves in marine sediments”, Symposium on the 
Acoustics of Poro-Elastic Materials, Bradford, UK, 17-19 December 2008 [KEYNOTE 
ADDRESS]. 

2.	 M. J. Buckingham, “Sound waves and shear waves in marine sediments”, seminar, California 
Institute of Technology, 30 October 2007 [INVITED]. 
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3.	 M. J. Buckingham, “Wave propagation in sediments: strain hardening and the G-S dispersion 
relations”, 8th International Conference on Theoretical and Computational Acoustics (ICTCA), 
FORTH, Heraklion, Crete, 2-5 July 2007. 

4.	 M. J. Buckingham, “Inversions - a radical idea: information from ambient noise”, Pacific Rim 
Underwater Acoustics Conference (PRUAC), Vancouver, Canada, pp. 1-2 [INVITED]. 

5.	 M. J. Buckingham, F. Simonet and D. R. Barclay, “Geo-acoustic inversion experiments in shallow 
water off Kauai using sound from a light aircraft”, in Underwater Acoustic Measurements: 
Technologies and Results, edited by J. S. Papadakis and L. Bjørnø (FORTH, Heraklion 2007), pp. 
125-131. [published, refereed] 

6.	 M. J. Buckingham, E. M. Giddens and F. Simonet, “Inversion of the propeller harmonics from a 
light aircraft for the geoacoustic properties of marine sediments”, in Acoustic Sensing Techniques 
for the Shallow Water Environment: Inversion Methods and Experiments, edited by A. Caiti, N. R. 
Chapman, J-P. Hermande and S. M. Jesus (Springer, Dordrecht, 2006) [INVITED] pp. 257-263. 
[published, refereed] 

7.	 M. J. Buckingham, F. Simonet and D. Barclay, “Doppler spectroscopy and ambient noise 
inversions in the Makai experiment”, in the Proceedings of the 8th European Conference on 
Underwater Acoustics, edited by S. M. Jesus and O. C. Rodriguez, (Carvoeiro, Portugal, 12-15 
June 2006) pp. 687-693. [published, refereed] 

8.	 M. B. Porter, B. Abraham, M. Badiey, M. J. Buckingham, T. Folegot, P. Hursky, S. M. Jesus, K. 
Kim, B. Kraft, V. McDonald, C. de Moustier, J. Preisig, S. Roy, M. Siderius, H. C. Song, and W. 
Yang, “The Makai experiment: high-frequency acoustics”, in the Proceedings of the 8th European 
Conference on Underwater Acoustics, edited by S. M. Jesus and O. C. Rodriguez, (Carvoeiro, 
Portugal, 12-15 June 2006) pp. 9-18 [PLENARY ADDRESS]. [published, refereed]. 

9.	 M. J. Buckingham, “Sediment acoustics measurements using a light aircraft”, SA04 Workshop, 22-
23 March 2006. 

10. M. J. Buckingham, “Inversions for sediment geoacoustic parameters using a high-Doppler airborne 
sound source”, ONR SW Progress Review, MBARI, 14-16 March 2005. 

11. M. J. Buckingham, “Inversions for the geoacoustic properties of marine sediments using a high-
Doppler, airborne sound source”, Seventh International Conference on Theoretical and 
Computational Acoustics, (Hangzhou, Zhejiang, China, 19-23 September 2005). [KEYNOTE 
ADDRESS] 

12. M. J. Buckingham and E. M. Giddens, “Low frequency sound speed measured using a light aircraft 
as an acoustic source”, in Boundary Influences in High Frequency, Shallow Water Acoustics, 
edited by N. G. Pace and P. Blondel (University of Bath, U.K., 5-9 September 2005) pp. 21-28 
[INVITED], [published, refereed]. 

13. M. J. Buckingham, E. M. Giddens, F. Simonet and M. Guerra, “Ocean acoustics experiments in the 
Gulf of Mexico during SAX04 using a light aircraft as a sound source”, International Conference 
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14. M. J. Buckingham, “From air to sea to sediment: aircraft sound for ocean-acoustics experiments”, 
Conference Honouring Prof. John Papadakis on the Occasion of His Retirement, Heraklion, Crete, 
November 2004 [INVITED]. 

15. M. J. Buckingham and E. M. Giddens, “A light aircraft as a low-frequency sound source for 
acoustical oceanography”, in the Proceedings of the Pan Ocean Remote Sensing Conference, 
edited by J. Stuardo (Concepcion, Chile, , December 2004). 

16. M. J. Buckingham, “Wave and material properties of marine sediments: theoretical relationships 
for geoacoustic inversions”, in High Frequency Ocean Acoustics, edited by M. Porter, M. Siderius 
and W. M. Kuperman, (La Jolla, CA, March 2004) pp. 1-5 [INVITED]. [published, refereed]. 

17. M. J. Buckingham, E. M. Giddens and F. Simonet, “Inversion of propeller harmonics from a light 
aircraft for the geoacoustic properties of marine sediments”, in Acoustic Sensing Techniques for the 
Shallow Water Environment, edited by A. Caiti, N. R. Chapman, J.-P. Hermand, and S. M. Jesus, 
(Ischia, Italy, Kluwer, 28-30 June 2004) [INVITED]. [published, refereed]. 

18. M. J. Buckingham, “Rapid environmental area assessment with ambient noise”, in the Proceedings 
of the 7th European Conference on Underwater Acoustics, edited by D. Simons, (Delft University 
of Technology, Netherlands, 5-8 July 2004) 529-535 [INVITED]. [published, refereed]. 

19. M. J. Buckingham and E. M. Giddens, “Aeroplane sound in the sea”, Proceedings of the 7th 
European Conference on Underwater Acoustics, edited by D. Simons, (Delft University of 
Technology, Netherlands, 5-8 July 2004 [INVITED]. 

20. M. J. Buckingham, “Light aircraft, propeller noise and Döppler shifts: tools for estimating the geo-
acoustic properties of marine sediments”, 1st Informal MiniWorkshop on Acoustic Cosmic Ray 
Detection, Physics Department., (Stanford University, 13-14 September 2003) [INVITED by Prof. 
Giorgio Gratta]. 

21. M. J. Buckingham, “Light aircraft, propeller noise and Döppler shifts: tools for estimating the geo-
acoustic properties of marine sediments”, Seminar, Department of Aerospace and Mechanical 
Engineering, University of Southern California, October 2003 [INVITED by Prof. H. K. Cheng]. 

22. M. J. Buckingham, E. M. Giddens, F. Simonet and T. R. Hahn, “Wave properties of sediments
determined using the sound of a light aircraft”, in the Proceedings of the International Conference
on Sonar-Sensors and Systems (ICONS-2002), edited by H. R. S. Sastry, D. D. Ebenezer and T. V. 
S. Sundaram, (Cochin, India, 11-13 December 2002), pp. 43-54, [KEYNOTE ADDRESS]. 

[published, refereed].
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25. M. J. Buckingham, E. M. Giddens, J. B. Pompa, F. Simonet and T. R. Hahn, “An airborne sound 
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Griffiths, and G. Griffiths, (Southampton Oceanography Centre, 9-12 April 2001), pp. 1-10, 
[KEYNOTE ADDRESS]. [published, refereed]. 
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International Congress on Acoustics, edited by A. Alippi, (Rome, Italy, 2-7 September 2001), p. 
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PATENTS 

1.	 D. N. Riches and M. J. Buckingham, “Improvements in or relating to tilt sensors”, Patent No. 
3504/78, January 1978. 

2.	 M. J. Buckingham and J. Edwards, “Suspension apparatus”, Patent Application No. 8127155, 
September 1981. 

3.	 M. J. Buckingham, “Improvements in or relating to sonar systems (HARP), Patent Application No. 
8200720, January 1982. 

4.	 M. J. Buckingham, “Acoustic imaging in the ocean using ambient noise”, Patent Application No. 
08/012894, Notice of Allowance issued in February 1994. 

5.	 M. J. Buckingham, “Method and apparatus for measuring the speed and attenuation of sound”, 28 
November 2003, UCSD Ref. No. SD2004-080-1 [provisional application]. 

HONORS/AWARDS/PRIZES 

1. 	 M. J. Buckingham, Royal Aerospace Establishment, Clerk Maxwell Premium, IERE, U.K., for 
research on the detection of gravitational radiation (1972).

2. 	 M. J. Buckingham, Royal Aerospace Establishment, A. B. Wood Medal, Institute of Acoustics, 
U.K. (1982) 

3. 	 M. J. Buckingham, Commendation for Distinguished Contributions to Ocean Acoustics at the 
Naval Research Laboratory, Washington D. C., U.S.A. (1984) 

4. 	 M. J. Buckingham, Alan Berman Publication Award from the Naval Research Laboratory, 
Washington D. C., U.S.A. (1988). 

5.	 M. J. Buckingham, Scripps Institution of Oceanography, Science Writing Award for Professionals 
in Acoustics from the Acoustical Society of America (December 1997), for the article on “Seeing 
underwater with background noise”, Scientific American, v. 274 (No. 2), 40-44 (1996). 

6.	 M. J. Buckingham, Scripps Institution of Oceanography, Finalist, Discover Magazine Awards for 
Technological Innovation, June 1998 (Sight category) for pioneering acoustic daylight imaging.

7.	 M. J. Buckingham, Scripps Institution of Oceanography, Multiple entries in Marquis Who’s Who
and Strathmore’s Who’s Who. 

8.	 M. J. Buckingham, Scripps Institution of Oceanography, Technical Program Chair of the 134th
Meeting of the Acoustical Society of America, San Diego, California, 1-5 December 1997. 

9.	 M. J. Buckingham, Scripps Institution of Oceanography, Technical Program Chair of the 148th 
Meeting of the Acoustical Society of America, San Diego, California, 15-19 November 2004. 

My graduate students have been awarded six “best student paper” prizes by the Acoustical Society of 
America. 

1.	 Thomas Berger, 1st Prize for “Low-frequency acoustic emissions of a plunging water jet. Part 1: 
experiment”, 136th Meeting of the Acoustical Society of America, 12-16 October 1998. 

2.	 Thomas Hahn, 3rd Prize for “Low-frequency acoustic emissions of a plunging water jet. Part 2: 
theory”, 136th Meeting of the Acoustical Society of America, 12-16 October 1998. 

3.	 Eric Giddens, 1st Prize for “Sound from a light aircraft for underwater acoustic applications”,144th 
Meeting of the Acoustical Society of America, Cancun, Mexico, 2-6 December 2002. 

4. 	 Eric Giddens, 1st Prize for “Geoacoustic inversions in shallow water using Doppler-shifted modes 
from a moving source” 148th Meeting of the Acoustical Society of America, San Diego, 
California, 15-19 November 2004. 
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5.	 David Barclay, 1st Prize for “The effect of grain shape on the porosity of marine sediments”, 154th 
meeting of the Acoustical Society of America, New Orleans, Louisiana, 27 November-1 December 
2007. 

6.	 David Barclay, 2nd Prize for “Doppler geo-spectroscopy in the Makai experiment”, 155th meeting 
of the Acoustical Society of America, Paris, France, 29 June-4 July 2008. 
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