EPS 130 – Strong motion seismology


List of questions
Plate tectonics

· What are the three main types of plate boundaries and which type of earthquake mechanism is characteristic for each?

· Transcurrent boundaries are associated with two types of faults. List the two types.

· On what type of plate boundary are great earthquakes (i.e. M>8) generated and why?

· Nearly all great earthquakes (M>8) occur on what type of plate boundary? Why is this?

· Why are Wadati-Benioff zones more important than normal seismic activity?

· The theory of subduction zone seismicity. Why are large earthquakes produced? At what depth? Why? What does this have to do with seismic gaps…?

· Why is that subducting plates that are younger in age generate larger earthquakes than older subducting plates?

· What are the mechanisms for which earthquakes can occur below 400 km depth?

· Would you expect a right-lateral or a left-lateral strike-slip fault connecting the two mid-oceanic ridges below? Why? 
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Seismic gaps

· What is the seismic gap?

· Are seismic gaps usually released by aseismic slip? How do we account for gaps where activity doesn’t seem to occur?

· What is a seismic gap and how is it used in earthquake prediction?

· What causes such high magnitude earthquakes in Alaskan region?

Beach Ball diagrams

· Beach ball diagrams. What do they represent, first motions, waveforms, both? How are they interpreted? What fault types are associated with large-scale tectonic boundaries? And what do the beach balls look like for these events?

· Go over beach ball diagrams (not really a question but somewhat confusing).

· What is the significance of down-dip extension and compression in focal mechanism?

· What is a P-axis? What is a T-axis?

· Sketch focal mechanisms for reverse, normal, transform and oblique faulting events. What would you expect the focal mechanism for a mine collapse to look like? An underground explosion?

Earthquake forecasting

· Earthquake prediction. What techniques, observables can be used for short term and long term forecasting? Why do these break down for short term prediction?

· Describe the concepts behind long-term forecasting and short-term prediction and their relative success.

· Why can’t forecasts be used to try to predict earthquakes?

· How do nearby earthquakes affect the likelihood of an earthquake on another fault?

Earthquake cycle

· Explain the general concept of elastic rebound theory.

· Explain the ‘elastic rebound theory’, implications for earthquake cycle and its limitations.

· What are the three models that are used to describe the buildup and release of stress on a fault and what are the implications of each model in terms of earthquake prediction?

· Did the 2004 Parkfield event display slip-predictability, time-predictability or neither? What might have affected the predictability?

· Briefly explain the theory of elastic rebound. What are the three most popular scenarios for elastic rebound theory? 

Instruments

· What is the difference between a seismometer, a seismograph and a seismogram?

· Why do seismic stations operate multiple instruments side by side?

· What is the major source of seismic noise at 0.15-0.20 Hz?

· Using seismometers around the world, how could you distinguish between an earthquake and a nuclear bomb?

· Which type of seismometer is most widely used around the world?

· For underwater seismometers, how often do they need to swap power supplies or is it powered by other means?

· Which two instruments comprised the World Wide Standardized Seismic Network (WWSSN) that was deployed in the 1960’s?

· What type of instrument extended the bandwidth and linearity of seismometers?

· In the discussion of simple harmonic oscillators, there were two devices mentioned. They are Omori and Wiechert seismographs. What is the main difference between the two instruments?

· How is the phase angle, (, manifested on the response spectrum?

· Is there a limit to the effectiveness of force-feedback instruments? Are there conditions under which they are less accurate?

· About how long  (how many trips around the earth) does it take for earthquake waves to fully damp out?

· How does a force-feedback instrument work?

· What are accelerometers and what are they used for?

· Where are the current gaps in the global network of very broadband seismometers?

· What is the magnification coefficient G?

· Why is it important to represent time-functions as frequency functions?

· What is linearity when referring to seismometry?

· Why do stations further from the coastline show lower ground accelerations at peak frequencies than stations closer to the coast?

· What is the difference between damping and gain?

· What is the difference between the time and the frequency domain?

· How does varying degrees of damping affect the solutions to the indicator equation? What is the importance of damping in terms of seismic instrumentation?

· How does noise of various frequencies interact with different historical seismometers and their natural frequencies?

· What are the advantages of various global networks? What are these networks and why were they implemented?

· What is an advantage to force-feedback mechanisms?

· Write the indicator equation? What is (? What is (0?

· What does it mean to be underdamped, critically damped and overdamped?

· Besides broadband recording capacities, what is one advantage of using a force feedback instrument instead of a pendulum-based instrument when deploying an array of seismographs?

· Why are accelerometers often deployed simultaneously with standard seismometers?

· What are the three potential sources of seismic background noise and what is one way to reduce the amount of noise that shows up on a seismogram?

· You are studying the high-frequency (1-10 Hz) spectra of transient seismic signals in Berkeley, CA? If you could choose, would you prefer to analyze a signal that was detected at 2:30 am or 2:30pm? Why or why not?

· Why did seismologists find deep-borehole sensors advantageous when compared to vault sensors?

· In order to completely describe a seismic signal in the frequency domain, what two spectrums are needed? What technique is used to “map” signals from the time-domain to the frequency domain, and vice-versa?

· What is an inertial reference frame achieved in seismometry?

· What was the motivation for the WWSSN? How good was the coverage and what impact did it have?

· Describe the advantages of modern seismometers i.e. force feedback mechanisms and digital seismometry?

· Difference between seismograph and seismoscope?

Elasticity and seismic waves

· Describe the relationships between the following wave variables: period, frequency, wavelength and velocity.

· What is the maximum value of Poisson’s ratio? (case of a fluid)

· What type of wave possesses the same direction of particle motion and of wave propagation?

· What is Helmholtz’s theorem and what does it mean? How do we use it?

· What is vertical slowness and what does it represent? What is horizontal slowness and what does it represent?

· What are the main differences between S and P waves?

· In all the examples we’ve done, the i’s have always cancelled out. Is there ever a scenario where the waves are imaginary? And what would that mean?

· I’m a bit confused about shear-wave splitting” in an anisotropy media and how it differs from the other forms of wave separations?

· Stress versus strain? Both quantitatively and qualitatively.

· What are the seismic ray parameter, horizontal slowness and vertical slowness?

· Explain and derive the equation of motion.

· Explain qualitatively the 5 elastic moduli.

· What law is the relationship between forces and deformations in infinitesimal strain theory based on?

· What does the theory of elasticity tell us?

· What types of forces occur within a continuum?

· Express the P-wave displacement vector and the S-wave displacement is terms of their potentials ( and (, respectively. How would you represent the total displacement field?

· Is the stress tensor symmetric, anti-symmetric or neither? What about the strain tensor?

· What is the difference between SV and SH waves? Would you expect to measure an SH wave in the vertical component of a seismometer?

· Describe each of the terms in the Helmholtz equation.

· Define the horizontal and vertical slowness parameters.

· In what direction is a wave propagating that has the solution: Aexp[i(wt+k1x1-k3x3)]?

· Based on the direction of particle displacement at a point how do we know the difference between P and S waves that may be coming at different angles of propagation?

· Can waves affect (cause constructive/destructive interference or induce change of direction) each other?

· Which waves are more damaging and why?

· How is the critical angle ic is calculated and what is the name of the unique wave created at that angle?

· What is the cross-over distance?

· How does the Helmholtz equation separate the displacement in P and S component?

· What are the two physical constraints that define the symmetry of the stress tensor?

· What makes a medium isotropic and why is this model considered an over simplification of the real Earth?

· How does the direction of wave propagation relate to the direction of particle motion in P-waves? In S-waves?

Ray theory

· What is triplication? What are its causes?

· Is it possible to have waves refract critically from a sloping surface such that the refracted rays are perfectly horizontal? If so, what does this mean for surface arrivals?

· If critical rays from two different interfaces (3 layer system) arrive at the same time how can we tell the difference between them?

· Derive the head wave and direct wave cross-over distance. How do different arrivals plot on a travel time curve?

· Under what circumstances may distinct velocity layers be missed, or misinterpreted?

· What are the basic equations, and solutions governing wave attenuation? What are typical values for Q?

· What is a ray parameter?

· Why does a head wave refract back up toward the surface and not down into the second layer?

· If velocity decreases with depth, then does the ray curve downward?

· Define critical angle (ic) in words and give the equation associated with it?

· What is a welded interface?

· What term is used to described the inverse of apparent velocity?

· What is the intramission angle?

· What is scattering?

· What is a head wave?

· Sketch the travel-time curve for primary waves in a layer over a half space.

· What is the general equation for calculating the arrival time, in terms of the horizontal and vertical slownesses?

· Draw the graph of the change in transmission and reflection coefficients as a function of the angle of incidence.

· Don’t fully understand why reflected waves change just because receiver distance increases or decreases.

· Go over difference between refracted waves and scattered waves.

· Review of how amplitudes of seismic signals are modified by different phenomena.

· Which results in higher amplitudes: a layer dipping up away from the source or a layer dipping down?

· What will make a seismic survey give different results from A and B as it does from B and A?

· How do you calculate the critical angle?

Others

· What are asperities? What is coupling? And how do the two related? Double-couple?

· Why is it that in rocks, volume increases generally occu at about 50% of the failure stress?

· Why does porosity increase before an earthquake?

· How did New Madrid, Missouri have three events of at least magnitude 8 in less than a year?

· List and explain two possible theories that could explain some of the interpolate earthquakes, such as those that sometimes occur in the eastern United States.

Surface waves

· What are the conditions needed for the generation of surface waves?

· Which type of waves produce the largest arrivals on seismogram and why?

· What is dispersion?

· What is the particle motion for Rayleigh waves? Draw a picture of this particle motion.

· Compare and contrast Rayleigh waves and Love waves. Come up with at least three differences between them.

· What is the difference between group velocity and phase velocity, and what do they represent?

· Do Love waves or Rayleigh waves or both attenuate and disperse?

· What are free oscillations?

· What is an evanescent wave and why are they important?

· Order what conditions are Rayleigh and Love waves dispersive, non-dispersive?

· How does the source depth affect surface wave generation and propagation?

· What is group velocity? How does it differ from phase velocity?

· Which type of surface wave does not exhibit dispersion?

· P + SV waves make up which type of waves? SH waves make up which kind of waves?

· Which waves have a higher velocity? Rayleigh of Love?

· What are Rayleigh waves? What are Love waves? Qualitatively and quantitatively.

· What is half-space? Does it represent? How is it used? Etc…

· What is a wave that decays exponentially with depth called?

· What type of wave is caused by the interaction of incident P and SV waves at the free surface? Note that this type of wave also tends to be the largest arrival on long period or broadband seismograms.

· Which type of wave travels faster, Love or Rayleigh?

