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Introduction:  The purpose of this project is to begin developing the necessary methods and procedures for subsurface imaging and/or mapping technology based on the transmission of sustained sound waves and sound pulses through various types of geologic solids. 

Multiple techniques were tested in order to ascertain not only their individual viability, but also the viability of the project as a whole, laying the groundwork for future research and the development of sonic imaging technology for a Martian rover.

The techniques examined include various forms of pulse generation as well as sustained wave generation designed to produce standing-wave based measurements.

 Additional work included the measurement of sound through geologic materials and the practical difficulties that will be encountered in the design and implementation of a subsurface imaging system. This is particularly useful because, until this point, most similar technology was designed to be used in situations in which the environmental conditions and geologic materials were known in advance, unlike a potential Mars survey.

The speed of sound was determined using techniques similar to those planned for eventual use in the completed imaging system in order to provide reference data for future development and calibration.

Procedure:
Trough

In order to examine the behavior of sound through a regolith-like material, a trough was constructed, approximately 2.46 meters long and filled with sand to a depth of approximately 0.178 meters. 

Sound Pulse Technique (Impact)

The first attempt to measure the speed of sound in sand was based on the idea of using a short, intense sound pulse  and measuring the time difference between travel time to two different contact microphones, placed sequentially on the surface of the sand. A metal plate, made of approximately 1” thick steel was placed on the surface of the sand within the trough. Then, the plate was struck with a hammer, creating a short, intense pulse of sound which was transmitted through the sand and being received by the two surface microphones. However, it was determined soon afterward that it would be impossible to determine the difference between the subsurface compression waves being transmitted through the sand, and the surface waves, which travel at a significantly different velocity. The technique was changed to accommodate this and the microphones were buried in the sand, in order to avoid the surface waves. Various impact permutations were examined, but as a result of a combination of attenuation and distortion of the sound pulse, the beginning of the pulse was very difficult to clearly discern from the surrounding noise being measured. As a result, mechanical impulse techniques are less promising since the materials being examined by a Martian rover would be unknown, providing further difficulties in pulse identification. In the case of multiple layers the sound pulse would continue to degrade as it reflected among the layers, eventually becoming useless, especially in densely packed layers

Sustained Wave Technique 

As a result of the failure of the initial attempt to obtain measurements using a pulse wave alone, a new procedure was devised. In this method, a standing wave is established within a material, then the frequencies are varied until a cancellation is obtained within the standing wave. At this point, it is known that the total depth is an integer multiple of the wavelength of the sound wave present in the material. From this, and from a known frequency, is it possible to establish the depth of the material as well as the sound speed within the material. In combination with a pulse generation technique, it is hoped that it will be possible to accurately determine these values for a range of up to a meter in soils and potentially far deeper in denser materials, such as rock. In the simplified experiments performed thus far, a modified audio speaker was used and instead of changing the frequencies involved, the distance between the microphones was altered and the phase shift between them measured in order to establish an approximate speed of sound through the material. This also helped to ascertain whether or not the phase shift was on the order of under a wavelength or multiple wavelengths.

Data:  

Impact Data
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Figure 1: the attenuation and distortion that is encountered in a rough media such as sand or regolith. The red line represents the first microphone, the blue the second.

Sustained Wave Data
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Figure 2: the phase shift experienced in the sand between two microphones. Though this is not entirely analogous to the standing wave technique, it does provide the basic methodology as well as some preliminary speed of sound data.

    Discussion:

Impact

Though a form of this technique provides some useful data for a single layer, and may be useful in conjunction with the sustained wave method, especially if it is possible to filter out some of the excessive noise created by multiple reflections. However, on its own, it would provide almost no information for a multiple layer case, as a result of sound attenuation and distortion. It is very difficult to determine the point of initial reception, as well as the shape of the wave itself, in order to compare it in similarity to the original pulse.

Sustained Wave

This technique has already allowed us to determine the speed of sound in the materials examined so far, and it has potential to work effectively in a more complicated situation. however, more data is necessary, as are more accurate models detailed theoretical models in order to fully evaluate the standing wave technique as a method.

    Successes: The successes in this project were primarily in eliminating inefficient techniques. It has been established that a pulse method alone is not effective, and there is significant promise in a combination of a pulse method and standing wave method in order to measure the properties of Martian soil or rock. Important problems were made evident, such as attenuation and distortion as a result of the material, and the groundwork was laid for future projects in terms of basic operating procedure. Bottlenecks were also identified in a technical sense, such as the required power for effective transmission through materials, which as a result of attenuation can be extremely high depending on the material in question. 

    Future Work: Future work will focus primarily on compensating for the difficulties mentioned above, as well as developing more precisely designed equipment instead of the audio speaker currently used. A potential design is replacing the paper cone designed to push air with a metal plate that would produce pressure waves within a material such as sand, removing the air component of the device, which may  be affecting the signal produced. Additionally, recent work points to overtones present in the current speaker design, another factor which must be addressed in future work, as it may alter the frequencies received by the contact microphones.   

    Conclusions: This project succeeded in developing the initial techniques required to establish what will be necessary in future work, as well as to provide some values for the speed of sound that will be useful for later examinations of different media. As a result, it was successful in its goals and will be carried on to more detailed and complex work in the coming months.
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