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ABSTRACT  The effect of changes in gravity induced by the
Earth’s deformation on seismic recording at ultralong periods is
studied guantitatively for the low-order spheroidal modes of the
Earth. Because this effect can either enhance or reduce the re-
corded amplitude of & mode, depending on its geometry, it may
become nontrivial at the longest free-gscillation periods, and con-
tribute to relative deviations of up to 17%.

At ultralow frequencies, most instruments recording the verti-
cal component of the Earth’s displacement actuallv operate as
accelerometers. Some of them are specifically designed to re-
cord accelerations [e.g., the LD.A. instruments (1)], but any
vertical pendulum starts behaving as an accelerameter once the
excitation {requency becomes much lower than its eigenfre-
quency, reflecting the fact that the instrument merely follows
the slow changes in the apparent gravity field of the accelerated
frame linked to the oscillating surface of the Earth. The re-
sponse of the sensor in the instrument is then proportional to «®
* t{e), where e is the angular frequency of oscillation and u{w)
is the spectral amplitude of the Earth's vertical displacement at
that frequency. However, in deriving this response, one usually
neglects any variations of the gravity field of the planet brought
about by the seismic disturbance. These variations contribute to
the excitation of the pendulum by changing its equilibrium po-
sition and similarly affect any other recording system by con-
tributing an additional field of acceleration,

In the formalism of normal mede theory, the change of gravity
can be written as I' - Y7, where Y is the spherical harmonic
of the spheroidal mode. It is directly proportional to the excita-
tion of the spheroidal mode and, therefore, to w{w) = y-Y?, in
which g, is the vertical cigenfunction of the mode at the surface
and the notation of Saito (2} is used. This effect is clearly trivial
in the traditional seismic frequency band, but at ultralow fre-
guency, as @ goes to 0, 1" may become important relative to
g wh. However, no quantitative assessment of this contribution
is available in the literature. The purpose of this study is to dis-
cuss quantitatively the importance of this gravity term for the
longest-period spheroidal modes.

The variation of the gravity potential is an integral part of any
computation of the spheroidal oscillation of a self-gravitating
Earth. Pekeris and Jarosch (3) have shown that the resulting
change in the gravity field IY7 at the surface (r = ¢} is given by:

dy; £+1
- e 4 (] e ;
oy wGp, i Pt (1]

=
where (7 is the gravitational constant, p, is the undeformed sur-
face density, I is positive downwards, and the notation of Saito
{2} is used. The response of a pendulum (or of an accelerometer
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such as the 1D AL instrument} is then governed by the quantity
y,* — 1" rather than by the simple seismic acceleration y,0° To
account for the influence of gravity, instrument responses rou-
tinely used in seismogram synthesis should be multiplied hy

o
o '

2]

Fig. 1 shows a plot of (@ — 1) as a function of frequency for all
sphereidal modes with periods larger than 300 sec, obtained
from a set of eigenfunctions computed for Earth model 1066A
(5). Core and Stoneley modes {the so-called K modes in Okal’s
classification (4)] bave been omitted because they contribute no
significant motion to the Earth’s surface. It is clear from the fig-
ure that the effect under study is extremely small except for pe-
riods greater than about 15 min. Therefore, it could affect only
investigations of extremely long components of seismic sources,
such as the reported precursor to the Chilean earthquake of
1960 (6},

The first term in Eq. 1 represeats a free-air snomaly and ex-
presses the fact that the peint of observation changes altitude
during the seismic displacement. The second term is a Bouguer
term and is related to the changes in mass distribution accom-
panying the oscillation of the Earth. For modes involving pri-
marily radial displacement {Okal's “V” modes (4}}, the Bouguer
term is negligible (identically zero for the radial modes £ = 0},
and

a - 1= 47Gp,/ o’ [3]
The change in gravity would equal the seismic acceleration at a
theoretical period T = 0.5V w/Gp, = 4633 sec, way beyond the
seismic spectrum of V modes, but the effect of gravity remains
on the order of a few percent for the fundamental “breathing”
mode 58, (,V,), whose period is 1230 sec. The free-air anomaly
ctrve is shown as a dashed line on Fig, 1.

For other modes, such as the “foothall” mode (S, (,R,), the
Bougrer term is prominent and may result in a decrease in the
response of the instrument on the arder of 9% for ¢8,. Table 1 is
a summary of the six modes for which jee — 1}is greater than 5%.
Among modes currently observed after targe earthquakes, only
092, 155 and oS, are significantly affected. .8, is strongly affected
but hardly excited by any regular seismic source. As for ,S;, the
high value of « is due to its having a made of vertical displace-
ment close to the surface (g, >> 1)

An important result from Table 1 and Fig. 1 is that the effect
of gravity can either enhance or reduce the recorded amplitude
of the various modes; although we doubt that the present results
affect significantly any past studies of normal mode observa-
tions, relative deviations in the apparent excitation of spheroidal
modes of up to 17% may result from negleeting the influence of
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Fle. 1. Plotof & — 1 = —T/y, - o° as a function of frequency for all spheroidal modes with a period greater than 300 sec. Core and Stoneley
modes are exciuded. ---, The theoretical curve of free-air anomaly, on which all radial modes sit; -, psendo-overtones as defined by Okal (4).
Different symbols are used to distinguish between pseudo-overtone branches.

mode-induced gravity changes in the local acceleration field. A
particularly interesting feature concerns Sy and 38, ((H; and
.H,), two modes with very similar periods and corrections @ —
1 of opposite signs, contributing deviations ditfering by about
10% in their relative excitation; the effect of I' {which in zeroth

Table1l. Spheroidal modes® for which |« — 1} = 0.05

Mode nomenclature

1066A(5)  Okal(4) Period(s) @
o8s o, 3232 0.90
.S, H, 2476 1.28
8, :A 1470 .90
oS Vo 1230 1.07
S, H, 1061 1.05
oS5 He 661 1.10

* Core and Stoneley modes exeluded.

order can be approximated by its values for the unperturbed
multiplets) then becomes comparable to the various compo-
nents of hybridization between the two modes induced by ellip-
ticity (7) and, therefore, may not be considered as totally trivial.
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