
1 Numerical experiments

1.1 Gaussian hill

We consider a Gaussian hill topography,

z = ae−(x2+y2)/a2 . (1)

The coordinate system is right-handed, and the z-axis is pointing upwards.
Figure 1 shows a side view of the geometry and placement of the source and
receivers along the x-axis.
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Figure 1: Side view of the Gaussian hill geometry and source location xs below

the free surface, and receiver locations x
(i,0)
r at the free surface.

fp (Hz) t0 (s) Ṁ0 (Nm/s) a (km) ρ (g/cm3) cs (km/s) cp (km/s)
1.4 1.5 1018 1 2.5 3.5 6.0

Table 1: List of source parameters and material properties for the Gaussian hill
problem.

Initially, all fields are set to zero. Waves are excited by a double couple
source buried 1 km below the summit of the Gaussian hill. In the Cartesian
coordinate system, the source is located at the origin xs = (0, 0, 0). The double
couple source is oriented with respect to the x and y axis of the coordinate
system (mxy is the only non-zero component of the moment tensor). For this
component, the moment rate is

ṁxy = Ṁ0s(t),

where the source time function s(t) is the Ricker wavelet function,

s(t) = (1 − 2π2f2p (t− t0)2)e−π
2f2

p (t−t0)
2

.

The source parameters and material properties used in the experiment are listed
in Table 1.

The receiver coordinates are placed in a 5×5 grid at the free surface, centered
about the summit of the Gaussian hill. In the xy-plane the receivers are 1 km
apart in each direction. The receiver coordinates are

x(i,j)
r = (ai, aj, f(ai, aj)), −2 ≤ i ≤ 2, −2 ≤ j ≤ 2.

In the configuration described above, since z-axis is an axis of symmetry, the
solution exhibits symmetries similar to a planar surface. For instance, for the
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receiver grid line along the line x = −2 km at the free surface, the components
of the particle velocity vx and vy are the same at y = −2 km, opposite each
other at y = 2 km, and vx vanishes at x = 0 km. These symmetries are shown
in Figure 2.
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Figure 2: Seismograms along the receiver line, x
(−2,j)
r , i.e., x = −2 km at the

free surface of the Gaussian hill topography.
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