
GG 304: Physics of the Earth and Planets 

Homework 8:  Earthquake Seismology 
Due Friday March 6 

 

Read Lowrie Section 3.3 (3.3.26-3.3.2.7) 

1)  Let’s look again at the vertical component of ground motion in Massachusetts for the 

earthquake from Peru (see figure below).   

(a) Assuming a crustal density of = 2600 kg/m
3
, what is the approximate average energy 

density Iav of the Rayleigh wave? 

 

(b) Now take the vertical axis is displacement in tenths of meters (i.e. x 10
-1

m) as recorded in 

Massachusetts, r = 5600 km away from the source. Assuming the amplitude of the wave 

decreases with propagation distance due geometric attenuation only, estimate the amplitude A 

of the wave in Peru, at a distance r = 10 km away from the source.   

 

 
 

Read Lowrie Section 3.5 
During a microearthquake survey in central Turkey, an earthquake was recorded by three 

seismometers. The following table lists the time of day that the P-wave (tP) and S-wave (tS) 

arrived at the three stations shown in the map below. The P-wave speed in the area is estimated 

to be  = 5.6 km/s.   

 

 Hours Minutes Seconds 

Seismometer 1    

P-wave arrival time  13 19 58.8 

S-wave arrival time 13 20   5.4 

    

Seismometer 2    

P-wave arrival time 13 20   2.6 

S-wave arrival time 13 20 10.8 

    

Seismometer 3    

P-wave arrival time 13 19 54.9 

S-wave arrival time 13 19 57.4 

 



 

 

 
 

2) First solve for the time of day that the earthquake actually occurred (t0).  Note that Lowrie’s 

Eq. 3.86 is incorrect.  The amount of time it takes P- and S-waves to travel a distance D are 

respectively, (tP-t0)=D/ and (tS-t0) = D/.  Using these expressions, Eq. 3.86 is correctly written 

  (tS - tP) = D(1/) = (tP - t0)( - 1), or 

  (tS - tP) = tP( - 1) - t0( - 1), (3.86) 

which is a line of (tS - tP) versus tP (see Fig. 3.30b).  The “x-intercept” of the line is where (tS - tP) 

= 0 and represents an imaginary station at epicenter where tP=t0, the time of day the earthquake 

occurred.  Generate a “Wadati diagram” (i.e., like Fig. 330b) in Matlab.  Sketch or compute a 

best fitting line to (tS - tP) versus tP and solve for the slope to estimate and the x-intercept to 

estimate t0.  Remember to convert time in hrs, minute, and seconds to just hours.   

 

3) Now that you know t0, you know the time it took the P-wave to reach each station.  That is, 

you know D=(tP- t0) to each station.  Graphically estimate the location of the earthquake on the 

above map.   

 

4) (a) Suppose a shallow earthquake has a moment magnitude of Mw=7.  What is the 

approximate length of the fault rupture?  (You’ll need to assume a simple shape of the fault 

surface to estimate the scale of the length).   

(b) What about for an earthquake of magnitude 8? 

 

5) A strong earthquake off the coast of Japan sets off a tsunami that propagates across the Pacific 

Ocean (average depth d = 5 km). 

(a) Estimate the velocity of the wave in km/hr and the corresponding wavelength when the wave 

has a dominant period of 30 minutes (1800 s). 

(b) How long does the wave take to reach Hawaii, which is an angular distance of 54º from the 

epicenter? 

 


