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Work 4 of the 5 problems. Put ea h problem solution on a separate sheet of paper and
your name on ea h sheet.

Problem 1
A simple seismometer is a damped harmoni pendulum.
a) Set up the di erential equation of motion of the pendulum bob for an input ground
motion.
b) Solve the equation of motion to get the response of the seismometer bob for an input
motion. (I re ommend Lapla e or Fourier transforms so that the nal time-domain response
an be expressed as a onvolution with the ground motion input).

Problem 2
Consider a 1-D earthquake lo ation problem with the only two parameters being distan e
and origin time. The data are:
x

= 0 km; t = 1:45 s

x

= 3 km; t = 1:20 s

x

= 7 km; t = 1:35 s

x

= 10 km; t = 1:5 s

Note that the inversion for lo ation and time is a non-linear inverse problem be ause the
travel-time depends only on the absolute value of the relative event-re eiver distan e.
a) Linearize the travel-time equation and lo ate the event. As a starting position use
x=5 km and t=0.0 s. Do the rst iteration but just set up the se ond. (Hint: the derivative
of abs(x x0 ) is sign(x x0 )).
b) Make an estimate of standard error of the data followed by estimates of the standard
errors for the model parameters.

Problem 3
The following wave amplitudes are measured:
x
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= 10 km;
= 100 km;

A
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We wish to t these to an attenuation urve of form
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where A is the initial amplitude at x = 0, a is the spatial de ay oeÆ ient, and b is the
geometri spreading fa tor.
a) Linearize this equation by taking an appropriate transform. (We do not want an
iterative solution.)
b) Set up a damped-least-squares solution to estimate the three unknowns A, a, and b,
but do not invert the 3x3 matrix.
) In terms of the matrix of part b, set up the data resolution matrix. Again, you do not
need to arry out the matrix inversions.

Problem 4
Consider a 30 km rust of velo ity 6.5 km/s over a mantle of velo ity 8.0 km/s.
a) For a surfa e point sour e, plot a travel-time urve (time vs. distan e) for this model.
Be sure to in lude the dire t, refra ted, and re e ted phases. On the plot label the inter epts
and slopes of all lines drawn and identify them.
b) If we now allow the Moho to dip 5 degrees downward, what is the apparent velo ity
of the wavefront measured at the surfa e?

Problem 5
Consider a plane SH wave in ident on a welded solid-solid planar boundary.
a) What are the boundary onditions needed to nd the re e tion and transmission
oeÆ ients?
b) Find the re e tion and transmission oeÆ ients.

