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This paper examines the past and future uses for acoustics in space research. Whilst on the 

larger scales in some topic areas, acoustical models have proved to be useful in extraterrestrial 
research, in other areas there has been not so much use made of acoustical techniques. One 

particular area where greater use might be made of acoustical sensors is in the deployment of 
acoustical sensors on probes sent out to other moons and planets. This is surprising given that 
acoustical sensors deliver benefits that are particularly useful for planetary probes, in terms of 

weight, bandwidth, ruggedness and cost. Whilst geoacoustical data could be obtained from many 
bodies, those which contain a dense atmosphere or an ocean offer intriguing additional 

possibilities. Examples from Mars, Venus, Titan, Enceladus and Europa will be discussed. 
  
  

INTRODUCTION 

January 2005 marked what was, for most astroacousticians, the opportunity to hear, for the 
first time, microphone signals from another world that were generated through pressure 
fluctuations at source. The outstanding achievement of the Huygens team in obtaining such data 
has, perhaps, opened up a new era for the use of acoustic sensors in the exploration of other 
worlds [1]. In addition to the passive microphone records, the Huygens probe generated its own 
acoustic signals in order to measure the atmospheric sound speed, and the distance to Titan’s 
surface, primarily through time-of-flight measurements [2-7].  
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Throughout the history of space exploration, an impressive suite of sensors has been 
launched on probes for extraterrestrial research. However whilst camera systems are almost 
ubiquitous, most probes have lacked any sensitivity to sound. Whilst acoustic information cannot 
compete with images for human interpretation, sound in the absence of vision contains 
complementary information that we often take for granted in many aspects of human life (from 
diagnosing the performance of a car engine as we drive, to estimating the ferocity of a rainstorm 
on the bedroom window at night, to monitoring the happiness of a baby hidden beneath the 
canopy of a pram). By demonstrating that, by using our limited knowledge of the environmental 
conditions on another world, we can predict the way sounds are generated and propagate on those 
worlds, we can demonstrate the potential for undertaking a far more useful calculation: that is, 
specifically, the ability to diagnose the properties of the environments on other worlds from the 
sounds which a probe might detect. Such demonstrations are vital to give impetus for equipping 
future probes with microphones.  

To date, four missions have carried microphones: the Venera expeditions to Venus [8-10], 
the Cassini-Huygens mission to Titan [2, 3], and the Mars Polar Lander (although contact was 
lost with the probe before deployment) [11, 12]. By developing increased abilities to predict the 
acoustic properties of other worlds, we can demonstrate the growing potential for inverting active 
and passive acoustic measurements to explore those worlds in a valuable manner which is 
complementary to the imaging systems that have proved to be so useful in past decades.  

The Venera 13 and 14 landers pioneered the use of microphones, which were initially 
intended to listen for lightning. The acquired data was inconclusive, most of the recorded sounds 
having been generated by air flow past the lander. Subsequent efforts to infer the wind speed 
from the acoustic data yielded speeds between 0.35 and 0.57 m/s [10]. More recently, the 
Huygens lander employed both passive and active acoustic sensors. The passive sensors – 
microphones – recorded sounds from the probe’s descent through Titan’s atmosphere [6]. Two 
sets of active sensors were incorporated in Huygens: a transmitter-receiver (T/R) sound speed 
sensor and an acoustic array. The T/R sensor measured the ambient sound speed via the time of 
flight. The array measured the acoustic time of flight between the probe and the ground. These 
measurements were used to determine the probe’s velocity and also for surface profiling [7].  
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Figure 1. Io is the most volcanically active body in the Solar System. Volcanoes erupt massive volumes of 

silicate lava, sulphur and sulphur dioxide, constantly changing Io's appearance. Images have been 
produced by combining the best images from both the Voyager 1 and Galileo Missions. This image shows 

the South Polar regions of Io. The massive red deposit around Pele is the most distinctive expression of 
volcanic activity on Io. This image is provided courtesy of NASA/JPL (original in colour), and the caption 

is based on text supplied by NASA. 
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Figure 2. (a) Cassini images of Saturn's moon Enceladus backlit by the sun show the fountain-like sources 
of the fine spray of material that towers over the south polar region. The image was taken using the 

Imaging Science Subsystem (Narrow Angle), looking more or less broadside at "tiger stripe" fractures 
Enceladus images. It shows discrete plumes of a variety of apparent sizes above the limb of the moon. The 
greatly enhanced and colorized image shows the enormous extent of the fainter, larger-scale component of 

the plume. Imaging scientists, as reported in the journal Science on March 10, 2006, believe that the jets 
are geysers erupting from pressurized subsurface reservoirs of liquid water above 273 degrees Kelvin (0 
degrees Celsius). (b) Cassini imaging scientists used views like this one to help them identify the source 
locations for individual jets spurting ice particles, water vapour and trace organic compounds from the 
surface of Saturn's moon Enceladus. Their study -- published in the Oct. 11, 2007, issue of the journal 

Nature -- identifies eight source locations, all on the prominent tiger stripe fractures, or sulci, in the 
moon's south polar region. Some of the sources occur in regions not yet observed by Cassini's composite 
infrared spectrometer, and the researchers predict that future Cassini observations of those locations will 

find elevated temperatures. This false-colour view was created by combining three clear filter images 
taken at nearly the same time as  the image shown in (a). This image product was then specially processed 

to enhance the individual jets that compose the plume (the image shown in (a) was instead processed to 
reveal subtleties in the brightness of the overall plume that comprises the jets). Some artefacts due to the 

processing are present in the image. The final product was coloured as blue for dramatic effect. The 
images were acquired with the Cassini spacecraft narrow-angle camera on Nov. 27, 2005 at a distance of 
approximately 148,000 kilometers (92,000 miles) from Enceladus and at a sun-Enceladus-spacecraft, or 
phase, angle of 161 degrees. Scale in the original images is about 880 meters (0.5 mile) per pixel. This 

view has been magnified by a factor of two from the original images. These images were provided 
courtesy of NASA/JPL (original in colour) and the caption is based on text from NASA. 
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1. WHAT CONSTITUTES AN EXTRATERRESTRIAL ACOUSTICAL SIGNAL  

There are four main ways in which acoustics has entered extraterrestrial exploration [13]. 
These are listed below in a subjective assessment of the interest they might hold to a physical 
acoustician.  

Artificial acoustic time-series have been constructed from signals associated with 
extraterrestrial phenomena. That is to say, sound can be used as the medium through which some 
other time-varying non-acoustic signal (such as radio waves generated by Jovian lightning) is 
communicated to humans. Examples can be found at web site reference [14]. EM signals detected 
on non-acoustic sensors can be played as audio sound files, regardless of whether their source is 
acoustic or not. Whilst in many cases the physical phenomenon at the source of this emission 
may have little or no relevance to acoustics, there are examples where there have been some 
acoustical perturbations involved in the generation of the signal. This connection perhaps adds 
extra relevance when the signals are conveyed acoustically to humans. An example of this can be 
found in the construction of an audio signal from the fluctuations in the cosmic background 
radiation which are thought to be related to acoustical fluctuations in the early expanding 
universe 14 billion years ago [15-18]. Whilst a great many of the phenomena can be thought of as 
having a source with an ‘acoustical footprint’ (lightning, bow shock waves in the solar wind 
caused by the passage of a planet etc.), it is important to distinguish to what extent that 
‘acoustical footprint’ is translated into the detected signal (e.g. electrical pickup from lightning 
does not directly tell us about the acoustical signal we would have heard from the thunder).  

A more direct link to acoustics is found when perturbations in a non-acoustic signal (e.g. 
EM) are interpreted through mechanisms relating to acoustic perturbations in the source material 
itself. These traditional extraterrestrial acoustical investigations have been dominated by the use 
of models of infrasonic waves in order to interpret perturbations in EM data. Examples include 
modal acoustic waves in planets [19] and stars [20, 21], which may for example identify the 
existence of planets or, in our own solar atmosphere, to investigate solar dynamics [22, 23]; and 
in dust plasmas such as occur in planetary rings, comets, noctilucent clouds [24-29].   

A more direct link to acoustics would be found in those probes that make direct 
measurements of acoustic signals which have been generated by the probe itself, such as by 
inferring the local atmospheric sound speed from the time-of-flight of an acoustic pulse over a 
short distance (O(10 cm)).  To the authors’ knowledge, the Huygens probe is the only one of this 
kind to date. The Huygens sound speed measurements were used to assess the concentration of 
methane in Titan’s atmosphere [6]. The Huygens lander also incorporated a SODAR (SOund 
Detection And Ranging) array [7] that was used to measure the distance to ground and assess the 
condition of the landing zone during the probe’s descent [3].  

In principle, with an appropriate propagation model, the received acoustic signal can be 
interpreted (inverted) to estimate the properties of the source and the propagation path. For 
probes which transmit and receive artificially-generated acoustic pulses, the source is well-known 
and the interpretation reveals details of the propagation medium. This might range from inferring 
atmospheric sound speed from time-of-flight measurements over a few cm [2] to, speculatively, 
propagation around entire planets [30,31], a topic which at the lower frequency limit merges with 
that of modal oscillations of the planet or star itself [32-34] (as described above). There is a 
special class of sensor which would monitor the natural sounds generated by the alien world 
itself. These are discussed in Section 3.  
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Figure 3. (a) The plumes of water and other ice vapours (shown in Figure 2 jetting from the surface of 
Enceladus) originate from long linear fractures near the south pole of Enceladus, a geologically young and 

active region. This perspective view shows several of these “tiger stripes” from which the plumes are 
venting. The stripes themselves consist of deep grooves flanked by two elevated ridges. The south polar 

terrains generally are also heavily fractured and deformed. These new topographic maps, constructed from 
stereo and shape-from-shading techniques by Dr. Paul Schenk (http://www.lpi.usra.edu/lpi/schenk/) at the 
Lunar and Planetary Institute, show that the stripes do not have a great deal of relief. The flanking ridges 
are typically 75 to 200 meters high while the grooves in between the ridges are 150 to 300 meters deep. 
Intensely deformed ridges along the edge of the south polar terrains (lower right) have relief of up to 1 

kilometer or so. Vertical relief has been exaggerated by a factor of 20 in this view to aid interpretation. (b)  
Heat radiating from the entire length of 150 kilometer (95 mile)-long fractures is seen in this heat map of 

the active south polar region of Saturn's ice moon Enceladus. The warmest parts of the fractures tend to lie 
on locations of the plume jets. The measurements were obtained by the Cassini spacecraft's Composite 

Infrared Spectrometer from the spacecraft's close flyby of the moon on March 12, 2008. Remarkably high 
temperatures, at least 180 Kelvin (minus 135 degrees Fahrenheit) were registered along the brightest 

fracture, named Damascus Sulcus, in the lower left portion of the image. For comparison, surface 
temperatures elsewhere in the south polar region of Enceladus are below 72 Kelvin (minus 330 degrees 

Fahrenheit). Heat is escaping from Enceladus' interior along these warm fractures, dubbed "tiger stripes," 
which are also the source of the geysers that erupt from the polar region. The infrared radiation was 

mapped at wavelengths between 12 and 16 microns. The infrared data, shown in false color, are 
superimposed on a grayscale image mosaic of the south pole obtained by Cassini's cameras on July 14, 
2005, during the previous close Enceladus flyby. Numbers on the map indicate latitude and longitude. 
This new view shows that at least three of the south polar fractures are active along almost their full 

lengths—the fourth one, on the right, was only partially covered by this scan. The level of activity varies 
greatly along the fractures. The warmest parts of the fractures tend to lie on locations of the plume jets 
identified in earlier images. The main "tiger stripe" fractures are not the only sources of heat, however; 

additional warm spots are seen in the upper right part of the scan. The warm regions are probably 
concentrated within less than a few hundred meters (a few hundred yards) of the fractures, and their 

apparent width in this image results from the relatively low resolution of the infrared data. This map was 
made by scanning the south pole during the period from 16 to 37 minutes after closest approach to 

Enceladus, at a distance between 14,000 and 32,000 kilometers (about 8,700 and 20,000 miles) as Cassini 
rapidly receded from its close (50-kilometer or 32-mile) flyby. These images were provided courtesy of 

NASA/JPL (original in colour) and the caption is based on text from NASA. 
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To conclude therefore, the question of what constitutes an extraterrestrial acoustic signal is not a 
simple one. In many cases, the extraterrestrial signal may never have been in acoustical form 
until the time history is reconstituted as such via a loudspeaker for human listeners. Even where 
the signal is detected by an acoustic sensor, care is needed in its interpretation: both 
electromagnetic and mechanical pickup can appear to be acoustical in origin [35]. Even genuine 
pressure perturbations at a microphone should be categorised to distinguish which components 
are acoustical in origin (such that they would propagate to distance, for example between two 
microphones) and which are aerodynamic/hydrodynamic pressure fluctuations. 
 

2. NATURAL SOUND SOURCES ON OTHER WORLDS  

If the source of sound is natural, the power requirements and complexity of the hardware in 
principle become simpler. However the inversion discussed in Section 1 now contains an extra 
cause of uncertainty (i.e. the characteristics of the source), making it a much more demanding 
task for anything more than a rudimentary characterisation of the sound source (e.g. 
distinguishing between lightning and self-noise in the probe). Two key aspects to any future 
acoustical explorations of alien worlds by in situ probes are:  

• appropriate design of the sensor (e.g. so that the aerodynamic/hydrodynamic and 
acoustical components of the signal can be separated; and to optimise the signal 
retrieval with limited bandwidth and dynamic range); and  

• development of appropriate models of sound generation and propagation in the alien 
world (e.g. to predict the signal characteristics to inform sensor design (e.g. gain, 
dynamic range, the characteristics of the acoustical and inherent electrical noise); 
and to provide a basis for planning how to exploit those data, once collected, to 
interpret the environmental characteristics through inversion).  

Models are under development for atmospheric propagation in gas giants [19, 32-34] and smaller 
planetary bodies [36-41], and propagation in extraterrestrial ice [42, 43] and oceans [31]. Models 
are being developed for sound generation by liquid flows (e.g. ‘waterfalls’, splashes and waves) 
[44] and ice faults [45-48].  
 

3. CONCLUSIONS  

From the volcanoes of Io (Figure 1) to the ‘dust devils’ of Mars [49,50], from the waters of 
Enceladus (Figures 2 and 3) and Europa (Figure 4) [31] to the lakes of Titan [51-53] (Figures 5-
8), from the impacts of comets and asteroids [32-34, 54] to density fluctuations propagating in 
the solar wind, the Solar System is a dynamic environment which can reveal much through 
acoustics. 
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Figure 4. (a) Cracks on Europa’s ice surface. Most scientists believe that salts and other inorganic 
materials are responsible for the coloured patches on Europa’s outer layer, although there has been 
speculation that bacteria, extruded through the ice from below and ‘flash frozen’ on the surface, are 

responsible.  (Credit: NASA/JPL) (b) Top left: schematic of possible acoustic-based mission to Europa, 
where acoustic signals originating from various planetary sources are passively detected and transmitted 
to Earth via an orbiter: ray paths and scales are for illustrative purposes only  (schematic from reference 
[55]). Lower: the surface of Europa, showing ice features (Credit: NASA/JPL). Right: Schematic of the 

interior of Europa showing ice covering over a water ocean, overlaying the solid interior (Copyright 
Calvin J Hamilton). (Original in colour). 

 
Figure 5. In this Cassini radar image, two of Titan’s lakes (near 73 degrees north latitude, 46 degrees west 
longitude) are seen, each 20 to 25 kilometers (12 to 16 miles) across. The image from a flyby on Sept. 23, 

2006, covers an area about 60 kilometers (37 miles) wide by 40 kilometers (25 miles) high. They are 
joined by a relatively narrow channel. The lake on the right has lighter patches within it, indicating that it 

may be slowly drying out as the northern summer approaches. This image is provided courtesy of 
NASA/JPL and the caption is based on text from NASA. 
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Figure 6. This side-by-side image shows a Cassini radar image (on the left) of what is the largest body of 
liquid ever found on Titan's north pole, compared to Lake Superior (on the right). This close-up is part of 
a larger image and offers strong evidence for seas on Titan. These seas are most likely liquid methane and 
ethane. This feature on Titan is at least 100,000 square kilometers (39,000 square miles), which is greater 
in extent than Lake Superior (82,000 square kilometers or 32,000 square miles), which is one of Earth's 

largest lakes. The feature covers a greater fraction of Titan than the largest terrestrial inland sea, the Black 
Sea. The Black Sea covers 0.085 percent of the surface of the Earth; this newly observed body on Titan 
covers at least 0.12 percent of the surface of Titan. Because of its size, scientists are calling it a sea. The 
image on the right is from the SeaWiFS project, NASA's Goddard Space Flight Center, Greenbelt, Md. 

(Image Credit: NASA/JPL/GSFC) (original in colour). The caption is based on text from NASA. 

  
(a) (b) (c) 

Figure 7. Images of Titan obtained by the Huygens probe. (a) This mosaic of three frames provides detail 
of a high ridge area including the flow down into a major river channel from different sources. (b) A single 
image from the Huygens DISR instrument of a dark plain area on Titan, seen during descent to the landing 
site. There appears to be flow around bright 'islands'. The areas below and above the bright islands may be 
at different elevations. (c) The landing site of Huygens is circled. (Credits: ESA/NASA/JPL/University of 

Arizona).  The caption is based on text from NASA. 
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Figure 8. These two radar images were acquired by the Cassini radar instrument in synthetic aperture 

mode on July 21, 2006. The top image centred near 80 degrees north, 92 degrees west measures about 420 
km by 150 km (260 miles by 93 miles). The lower image centred near 78 degrees north, 18 degrees west 
measures about 475 km by 150 km (295 miles by 93 miles). Smallest details in this image are about 500 

meters (1,640 feet) across. The variety of dark patches in the image suggests the presence of many lakes in 
the high latitudes around the North Pole of Titan. Some of these dark patches have channels leading in or 
out of them. The channels have a shape that strongly implies they were carved by liquid. Some of the dark 
patches and connecting channels are completely black, that is, they reflect back essentially no radar signal, 
and hence must be extremely smooth. In some cases rims can be seen around the dark patches, suggesting 

deposits that might form as liquid evaporates. Because such lakes may wax and wane over time, and 
winds may alter the roughness of their surfaces, repeat coverage of these areas should test whether these 

are indeed bodies of liquid. (Image Credit: NASA/JPL).  The caption is based on text from NASA. 
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