
GG 304: Physics of the Earth and Planets 
 

Homework 6: Elasticity and the Seismic Wave Equation 
Part A due Wed. 3/25 
Part B due Fri. 3/27 

 
Part A:  Read Lowrie Sections 3.1-3.3.2.3 
For questions (1)-(3) below. Suppose you squeeze a cylindrical rock sample in an anvil with a 
compressive stress of xx = - 1 MPa (-1 x 106 Pa).  This is about the stress that could be induced 
by a solid blow with a sledge hammer.  The sample is 1 cm long, has a Young’s Modulus E = 6 x 
104 MPa, and Poisson’s ratio of = 0.25.  Compressive stress is only being applied in one 
direction and the exposed sides of the rock are stress free (yy = zz = 0).  This is a state of 
“uniaxial compression”.   

 
1). Approximately how much (in cm) will the sample shorten (and will your anvil close)?   
 
2) What are the longitudinal strains in the y and z directions, yy and zz?  The radius of the 

cylindrical sample is 0.2 cm as shown above.  
 
3) By how much (in cm) will the sample widen or contract in the y and z directions? 

 
4) Work through and explain the derivation of the wave equation, Eq. 3.36.  This equation is 

simply an expression for Newton’s second law (F = ma) combined with hooks law.  As 
always, illustrate your reasoning with pictures, equations, and short explanations.   
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Part B, Read Lowrie Sections 3.3:  
 
1) Eq. 3.38 and 3.46 are examples of wave equations, meaning their solutions are waves, 

oscillating in time and space.  Please make sure you understand why the following equation of 
a wave is a solution to Eq. 3.38. 

   = Asin(kx+t)=Asin() (1)   
Now lets explore what the above equation means. 
(a) Sketch   as a function of angular phase  (=kx+t) over the interval 0 to 2Make sure 
you label your axes and include the appropriate units on them (do this also for your plots 
below).  What quantity is “waving”, i.e., varying in time and space? 

(b) Lets say k = 2/10m = 0.6283 (m-1). At a snap shot in time t, say t = 0, sketch   as a 
function of distance x over a distance of 20 m.  What is the meaning of k? 

2) Pick a value of  in your sketch in part (a).  This point on the wave is a position of constant 
phase  and moves in x as time t increases.  In other words, at this point, x changes with 
increasing t to keep  = (kx+t) = constant.  In which direction is the wave moving:  in the 
positive x direction (to the right) or in the negative x direction (to the left)? 

3) The subducting slab beneath Fiji generates a deep earthquake.  A seismologist happens to be 
standing directly above the earthquake.  Based on the type of seismic phase (or ray) that 
reaches the surface first, in which direction will the ground first oscillate (up-down or 
sideways)? 
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4) Consider the seismic records below, which where recorded at Harvard, Massachussetts due to 

an earthquake in Peru (about r2 = 5600 km away).  The horizontal axis is in 100s of seconds 
and the vertical axis is displacement in meters.   

(a) The section of the wave packet labeled “L” is the Love wave.  In what direction is the 
displacement (up-down or side-to-side)?  What is the dominant period (T) of the Love wave?  
If it is traveling at 3 km/s what is its wavelength? 

(b) The section of the wave packet labeled “R” is the Rayleigh wave. In what direction is the 
displacement (up-down or side-to-side)?  Approximately how fast would an object be 
moving during the strongest ground motion of the Rayleigh wave? 

 

 


