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Determining the threshold value in upper limit of wavenumber
integration by reflection-transmission coefficient in
theoretical seismograms calculation

Wu Yongqi  Zhang Haiming”

(School of Earth and Space Sciences, Peking University, Beijing 100871, China)

Abstract: In multi-layered half-space, the displacement field is expressed as the integration of
wavenumber k using reflection-transmission (R/T) coefficient when the seismogram is calcu-
lated in numerical ways in the frequency domain. Therefore, some special methods were intro-
duced to solve those kinds of integration as to accelerate computation. For example, when the
depth of source is equal or close to that of receiver, the peak-trough averaging method (PTAM)
is applied. To apply PTAM, however, one must determine the threshold value called %, after
which the integration oscillates regularly. In previous studies, k, was estimated empirically
without theoretical support. In this study, a scheme based on theoretical analysis to determine £,
is proposed, and £, is related to the R/T coefficients. According to the generalized R/T coeffi-
cient method, violent variation of integrand will occur when the determinant of relevant R/T
coefficient vanishes. We show by examples that for a given frequency, root of the determinant
of the reflection coefficient on the free surface is a proper value for k.. Compared with the
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method calculated with empirical formula, the new method to determine &, will be more effi-
cient for a given precision to prove the validity.

Key words: layered half-space; theoretical seismogram; Rayleigh function; numerical integ-
ration; peak-trough averaging method
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%% (Chen, 1993) WmR VR, BEEERE 24 29.95 km, Ik
Table 1 Parameters of the three-layer crust model FRBE 2, 24 30,05 km. 7351 5K H A [R] 450 %
without low-velocity-layers Cafter Chen, 1993) T Rfl?j) , Tﬁj) , Téj)%' I B A — RS R
Z2F J2EEEKm  p/geem®)  vg/(kmes™)  vp/(km-s™) E/‘J T ﬁlJ JE E(J 53 15 E[] 6} %[J >k ﬁ k(%) ‘:F' ij /E\
N u
1 20 2.8 3.50 6.0 A7
2 30 2.9 3.65 6.3 By, T B S T—RORG AT ot
3 45 3.1 3.90 6.7 I— REQR(SJM) SR AT 51 2R R A
L SN b2 S AERA SRS, T =1, N=3, 0]
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5 SR SGE M RBTR N T IR A SR 1, MRS R R W) LE SR
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(e) ki ko ® i |
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0 i 2 3 s E 0 5 10 5
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1 ORFBUERT RS RN E S SRR (MR U, WIH—fLE Mg R)
Bl (a)—(d) S BIXERE f=0.1, 0.4, 3, 5 Hz BN SRR ) = ZHb 7oA ;
P () FICE) AXFINERE f=1, 5 Hz B9 R HZ 1 25 S5
Fig. 1 The relationship between zeros of R/T coefficient and the displacement in different
frequencies with the normalized displacement U,
Figs. (a) to (d) correspond to the three-layer crust model without low-velocity-layers when f=0. 1, 0.4, 3 and 5 Hz;

Figs. (e) and (f) correspond to the five-layer crust model with low-velocity-layers when f=1 Hz and 5 Hz
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ﬁfﬂj1ﬁ$§ﬁ§ﬁ"];%ﬁ%ﬂJﬁ%ﬁﬂjmﬁﬁiu*ﬁﬂy\ (AR 4545, 2006)

GRS SO et R ¢ SR RV L L PO Table 2 Parameters of the five-layer crust model with
LI fi’ff;)* PRk, Y HAE A low-velocity-layers (after He et al, 2006)
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Fig. 2 The real part and image part of three components of displacement in the three-layer crust model without
low-velocity-layers with the normalized displacement U when f=2 Hz
Figs. (a) and (b) are the real part and image part of the radial direction displacement (U,), respectively; Figs. (c¢) and (d)
are the real part and image part of the tangential displacement (Up), respectively; Figs. (e) and (f) are the real

part and image part of the vertical displacement (U,), respectively
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Fig. 3 The relationship between £, and £, at different frequencies in the three-layer crust model
without low-velocity-layers with the normalized displacement U,
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empirical-formula method respectively to obtain the
radial direction displacement U, the tangential
displacement Uy, and the vertical displace-

ment U,, which are normalized
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Fig. 4 The relationship between £, and £ in the
five-layer crust model with low-velocity-
layers while the displace-ment has

been normalized when f=5 Hz
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He Y F, Chen W T, Chen X F. 2006. Normal mode computation by the generalized reflection-transmission coefficient method in
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