EPS 130 – Strong motion seismology


EPS130 Final Review
The final exam will cover the material covered from Chapters 1, 2, 3, 4, 5, 6, 8, 9, 10, and 11 of Lay and Wallace and what has been presented in class. The exam will be closed book and lecture notes, however one side of an 8.5x11 sheet of paper may be used for any notes that you wish to have.  Questions on the exam will be derived from this comprehensive list.

The exam is scheduled on Monday May 18, 2009
from 8:00 to 11:00 am
in 116 Haviland.

Plate tectonics

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

· Nearly all great earthquakes (M>8) occur on what type of plate boundary and why?

· 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?

· Explain the sense of motion of a transform fault connecting the mid-oceanic ridges.

· What is a Wadati-Benioff zone?

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?

· 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?

· Given the beachball diagrams what type of plate boundary do they represent?

Earthquake forecasting

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

· What is an Alquist-Priolo Map?

· 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.

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

· What are the stages in the dilatancy model and how may they be related to possible geophysically observed phenomena?

· What is the scalar seismic moment?

· What is the moment magnitude?

· What is the difference between a Poisson and a Conditional estimate of earthquake probablility?

· How can nearby earthquakes affect the probablility of an earthquake on another fault? What is the evidence for this?

· Given a scenario for a site with nearby faults for M>6, and defined recurrence intervals find the aggregate probability for one of more of these events, the individual event probability.

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?

Instruments

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

· What is an inertial reference frame achieved in seismometry?

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

· Explain the concept of a force feedback instrument, and why it is preferred.

· What is the difference between damping and gain?

· What is the difference between dynamic range and broad bandwidth?

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

· Write the indicator equation and explain each of the terms.

· Why are accelerometers often deployed simultaneously with standard seismometers?

· Given physical parameters of an instrument (mass, damping, k) determine the natural frequency or resonant period.

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 is a typical value for crustal rocks?

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

· What are the main differences between S (SH and SV)and P waves in terms of wave velocity and particle motions?

· Stress versus strain? Both quantitatively and qualitatively.

· What are the differences between the equation of motion, the vector wave equation and scalar wave equations, what are the assumptions that go into each?

· 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?

· Given a displacement potential for a wave determine the propagation direction, the particle motions and identify the wave type.

· Which waves are more damaging and why?

Ray theory

· What is triplication? What are its causes?

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

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

· What is the critical distance? What is the critical angle?

· Carefully explain under what circumstances may distinct velocity layers be missed, or misinterpreted?

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

· Sketch the travel-time curve for primary waves in a layer over a half space. Draw the graph of the change in transmission and reflection coefficients as a function of the angle of incidence and relate to the typical traveltime curve.

· What is Snell’s Law and how is it used in seismology?

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?

· Which type of surface wave does not exhibit dispersion?

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

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

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

· Which type of wave travels faster, Love or Rayleigh?
· An earthquake occurs at 6 km depth on the mid-atlantic ridge. Will either the Love wave or Rayleigh wave disturb the ocean above?

· Which waves attenuate faster with distance from the source, body waves or surface waves?

Seismic sources

· What is the seismic moment tensor?

· Draw moment tensors for strike-slip, normal and thrust events.

· Determine the fault orientation by looking at the moment tensor.

· Determine the focal mechanism by looking at the moment tensor.

· What are the near-field, intermediate-field, and far-field terms?

· What are the two components of the displacement field and how do they differ?

· Describe strike, rake, and dip. How are they measured? What are the ranges of each parameter for different faulting mechanism?

· What is the concept of a radiation pattern? How does it relate to faulting mechanism?

· Sketch the P-wave radiation pattern of the mechanism. Sketch the S-wave radiation pattern of the mechanism. Describe the P and S wave radiation patterns for a single and double couple.

· What is the most common body force model for a natural earthquake source?

· Why is the double-couple model preferred over the single-couple model? How are they similar? What does double-couple mean?

· What does it mean physically to diagonalize a moment tensor? Why is the isotropic part of this diagonalized tensor usually zero for faulting events?

· What different types of earthquake waves are there? Give a short explanation for the following seismic phases SmS, Pn, Pg, PP, PcP, PKP, PKiKP. Draw the ray path for each.

· Describe how a moment tensor diagram is produced given first motion polarity and station locations.  What is one way of distinguishing the fault plane and auxiliary plane from each other?

Earthquake kinematics and dynamics

· What is the difference between earthquake kinematics and dynamics? What type of study is most commonly performed using local strong motion records?

· What is the boxcar model?

· What is the ramp model and is it different from the boxcar model?

· What is the Haskell fault model? What are the assumptions? What is the shape of the source time function?

· Explain the different magnitudes? What distinguished each scale? What makes one scale better than another? Which is best? 

· What is magnitude saturation?

· What is the corner frequency?

· What is directivity?

· Is directivity more pronounced for P- or S-waves? Why?

· Draw the spectrum for an earthquake. What is the slope?

· Are earthquakes self-similar?

· What does it mean to be statistically similar, dynamically similar, and self-similar?

· What parameters increase, and which are constant as magnitude increases?

· What is static stress drop?

· What is the order of magnitude of stress drop? How do we calculate it?

· Is the stress drop proportional to magnitude?

· What is the stress drop across a fault and how is it represented graphically vs. time?

· Where do aftershocks often concentrate?

· Define seismogenic zone.

Seismic attenuation

· What are the three contributing processes for ground motion attenuation? What are scattering, attenuation and geometric spreading? Which of these is actually conversion?

· Do waves attenuate at the same rate?

Movie: Nova: The day the Earth shook

· The 1989 Loma Prieta M6.9, 1994 Northridge Mw6.7 and 1995 Kobe Mw6.9 were similar sized. Why was the Kobe earthquake so much more destructive than the two others?

· Describe similarities and dissimilarities between the 1995 Kobe earthquake and what could happen on the Hayward fault. Describe in terms of type and size of the earthquake, and risk?

· What types of technologies are being deployed and developed to help responders deal with an earthquake disaster?

