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Interior Imaging using Seismic Waves






Background, Problem, and Question




Travel-time Tomography



Types of Waves






The Physics of Seismic Waves

 Seismic waves follow the fastest path

® Ray paths show the travel path of a specific part of the wave

¢ At layer interfaces, waves either transmit (refract) or reflect

¢ Mode conversion — type of wave may change upon reaching an interface

¢ Periodic waves eventually return to the surface at the same point they originate from
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distance = @
if (numOuterPaths > 8)
if (p > outerGrazingP)
println("sm
outerAlpha
distance +=

println("r =
if (findClosingPaths) outerAlpha = getAlpha(p, outerInterface, surface,
distance += numQuterPaths * outerAlpha

" pat

windinghum = 1
numPatterns = 18

drawPath = "o" it (numInnerPaths > @)
closingPath(p) = numPatterns / (2 * pi) * getEpicentralDistance(p, drawPath) - windingNum if (p > innerGrazingP)
println("s h tur inner =")

println("E ini ': innerAlpha i innerInterface, outerInterface,
initialGues readline()

initialGuess = parse(Floaté4, initialGuess)

println(find_zero(closingPath, initialGuess)) println("re

innerAlpha = getAlpha(p, innerInterface, outerInterface,
distance += numInnerPaths * innerAlpha

f (numCorePaths > @)
coreAlpha = getAlpha(p, &, innerInterface,
distance += 2 * numCorePaths * coreAlpha

urn distance



Sample Output for Closing Waves



More Closing Waves



Concluding Thoughts & Future Work

© Many periodic waves exist with measurable travel times

© Tomographic images can be produced with just a single seismometer and
enough of these periodic waves

¢ Further improvements: calculating the periods of these waves
¢ Connecting the natural frequencies of oscillations of the planet to these periods

¢ Experimentally verifying the connection between these periods and the planet’s
natural frequencies of oscillation
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Image Credits

https://www.seis-insight.eu/en/seis-news/517-seis-results
https://www.iris.edu/hq/inclass/downloads/optional /269
https://mars.nasa.gov/resources/4497/mars-interior/
https://mars.nasa.gov/resources/22734/seismic-waves-inside-mars/
https://www.britannica.com/science/secondary-wave
https://openpress.usask.ca/physicalgeology/chapter/3-2-understanding-earth-through-seismology-2/
https://mars.nasa.gov/insight/spacecraft/instruments/seis/

https://www.researchgate.net/figure/alnitial-velocity-model-for-traveltime-tomography-binverted-
velocity-model-by-traveltime fig3 306292093

https://en.wikipedia.org/wiki/Schumann resonances
https://phys.libretexts.org/Bookshelves/Waves and Acoustics/
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https://openpress.usask.ca/physicalgeology/chapter/3-2-understanding-earth-through-seismology-2/
https://mars.nasa.gov/insight/spacecraft/instruments/seis/
https://www.researchgate.net/figure/aInitial-velocity-model-for-traveltime-tomography-binverted-velocity-model-by-traveltime_fig3_306292093
https://en.wikipedia.org/wiki/Schumann_resonances
https://phys.libretexts.org/Bookshelves/Waves_and_Acoustics/
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