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A Very Long-Period Seismogram
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Fiji Islands event (Mar 3, 1990) recorded at station ESK (Eskdalemmr)
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For w == wy, the first term is large whilst the second term is much smaller. Thus, if we only consider
positive frequencies in the vicinity of wy,, we have

1
Cplw) = L . 1.4
k(w) e (1.4)
or, in terms of real and imaginary parts,
T e S YU _ Jo) (15)
Popt(wr—w)? el 4w —w)?

Ci(w) is plotted in Fig. 1.2. Note that the real part falls off from its peak value as (wj, — w)? whereas
the imaginary part falls off only as (wy — w). This latter property means that the spectrum of a decaying
sinusoid falls off quite slowly from its peak value (= 6db/octave).
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Fig 1.2 Spectrum of a decaying cosinusoid in a small frequency band
surrounding the center frequency, wy. Frequency is in units of ay,

Problem 1.1 Show that the width of the power spectram of Cy{~) at the half power points is 2a.
The seismogram is a sum of such spectra all centered at different frequencies so a plot of the modulus
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Figure 1.5. Various tapers and their log amplitude spectra.

9

Hann window
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Figure 1.7. The effect of taperin%‘un the spectra of synthetic seismograms which include fundamental
maodes only. In the top panel, note how peaks appear to be shifted away from their true frequencies

o=

be.

An overview of measurement techniques can be found in Masters and Gilbert, (1983) and we briefly
describe two of these here. For simplicity, we consider a single isolated mode of oscillation though it is
desirable that any measurement technique can handle modes which overlap in frequency. We have

w(t) = Ay cos (wht + oy e~ ™"

Fourier transforming gives
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Fig. 2.1 Mustrations of various modes of oscillation: a) is sometimes called the “football” mode of
the earth; b) is sometimes called the “breating” mode of the earth; ¢) illustrates a special class of modes
which consist of shearing on concentric shells - toroidal modes

An example of some low-frequency seismograms is shown in Figore 2.2. The data have been filtered
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longitude

Figure 13. The effect of aspherical structure on center frequency can be seen by plotiing the shift in fre-
quency as a function of the pole position of the great circle joining source and receiver, Each symbol is
plotted at a pole position: a + corresponds to a positive frequency shift and a  corresponds L0 a negative

Guy Masters, UCSD (KITP 7-19-04) Seismology: Free oscillations: excitation, measurement of center frequenciesand.. Page 7
r#/-_:”\ ‘}.1 Vv ,\jpt}_“p,], b r\r(f‘.\!‘ ~cle Fﬂ(’ .L; % .‘r’ g -D
3
8¢ T T 7 T — * ! 1 ’._3 d
~ ! s
"y /// o e ’f . ~. Y d _é g = "/g")
—;"LH'*‘{—+ + o090 ¢ \\ +*, /\ v b 3
S e [ ™, d,"\ f " - g -
T A ROV /;"?:r AR 'y :i’ N ?
- ¢+ o F e L fo g >~ )
i * 47,;@ of " e J <
. : TN les © ¥
g 0)\" { e 8 [t Yo 1 E
= o o -
3 \0\ IR N /f’ *—t#_ ? e 3, o
° ° % - I _')a -
O \i e !] oo /éQ»H :t—j_ :\ & ") Y J l \3.) J:.
R AN . 1 ¥, oY ~—
WINY ol El A ¢ 2 < S o
Y ke O ) ° o 7 f
O < /// ,,' LI + * N "g - N A - —
e $ F iy §
[
\ {\/

frequency shif The size of the symbol is indicative of the magnitude of the shift: the smallest symbols
corzespond 10 a 0-0.1% shift and the largest to a 0.3-0.4% shift. A degree-two spherical harmenic pattern
accounts for most of the structure in the observations; the nodal lines of this pattern are shown by the
dashed lines. This example is a combination of measurements for the modes o2 —oS 2.
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Figure 2.7 The results of muitiplet stripping in a small frequency band which includes
the fundamental spheroidal modes 9837 and ¢ S2s. The targer muitiplets are (front 1o
back) 3513, 553, 0527, 0528, 3514, 45 and oSz9. Note that overtones such as 354
are clearly separaied from the highly excited fundamental modes.

Both the fundamental toroidal and spheroidal modes are ly well recovered with this technique.
Figure 2.8 shows the resonance function for 0.5) (i = 8 — 30) plotted on a frequency axis relative to the
predicted frequency of model PREM. Figure 2.9 is the corresponding plot for oT; ( = 8 — 30). These
figures illustrate the biasing effects of mode-mode coupling. The distinctive kinks in the w/l curves
are due to Coriolis coupling between the two mode types and whole sequences of observations can be
systematicaily shifted (Masters er al. 1983). Coriolis coupling is well understood and the apparent
degenerate frequency can be reasonably accurately calculated except for very strongly coupled pairs.
Most of our cbservations can therefore be corrected for Coriolis coupling effects, Strong coupling (e.g.,
0811 = 0712, 0819 — o T0) cannot be reliably predicted at present due to the sensitivity of the computation

to the
energy. The dominant effect of coupling is a repelling of the coupling multiplets in real part frequency.
Thus we can deduce from Figures 2.8 and 2.9 that the frequency of .Sy1 must be slightly greater than the

quency spacing of the coupling iplets and the lack of a separation into distinct lumps of

L
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Figure 1.15. This figure has the same format as fig1.14 but now each row is the amplitude spectrum
of a singlet of ;4. All nine singlets are recovered and follow a quadratic in azimuthal order close to
that predicted for a rotating hydrostatic Earth,
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