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Abstract  Based on the 21 series of the high precision 
tidal gravity observations recorded using superconducting 
gravimeters (SG) at 14 stations distributed globally (in to-
tally about 86 years), the translational oscillations of the 
Earth’s solid inner core (ESIC) is detected in this paper. All 
observations are divided into two groups with G-Ⅰ group (8 
relatively longer observational series) and G-Ⅱ group (13 
relatively shorter observational series). The detailed correc-
tions to minute original observations for each station are 
carried out, the error data due to the earthquakes, power 
supply impulses and some perturbations as change in at-
mospheric pressure and so on are carefully deleted for the 
first step, the gravity residuals are obtained after removing 
further synthetic tidal gravity signals. The Fast Fourier 
Transform analysis is carried out for each residual series, the 
estimations of the product spectral densities in the sub-tidal 
band are obtained by using a multi-station staking technique. 
The 8 common peaks are found after further removing the 
remaining frequency dependent pressure signals. The eigen-
periods, quality factors and resonant strengths for these 
peaks are simulated. The numerical results show that the 
discrepancies of the eigenperiods for 3 of 8 peaks, compared 
to those of theoretical computation given by Smith, are only 
0.4%, −0.4% and 1.0%. This coincidence signifies that the 
dynamical phenomenon of the Earth’s solid inner core can be 
detected by using high precision ground gravity observations. 
The reliability of the numerical computation is also checked, 
the spectral peak splitting phenomenon induced by Earth’s 
rotation and ellipticity is preliminary discussed in this paper. 
Keywords: observations of global superconducting gravimeters, 
estimation of the product spectral density, translational oscillations 
of the solid inner core, determination of the resonance parameters. 
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Before about 100 years, the layered structures of the 
Earth’s body and the existence of the liquid core had been 
found, then the solid inner core and detailed structures in 
the interior of the Earth are demonstrated, it proves that 
the satisfied achievements had been obtained in recogni-

tion of the Earth’s interior structures. In recent years, with 
the increasing requirements of the basic sciences and 
space techniques to geodynamics of the Earth’s interior, 
the theoretical study and practical detection of the geody-
namic phenomena of the liquid core and of the 
translational oscillations of the ESIC are now more and 
more important[1,2]. The researches on the geodynamic 
problem of the liquid core have obtained great progress, 
however, only some valuable attempts are carried out for 
study in the translational oscillations of the ESIC, there 
are still not a well accepted theoretical model and com-
plete detection result until nowadays[3]. The past re-
searches have shown that the gravity measurement is a 
unique effective method in the study of the Earth’s interior 
structure and geodynamical phenomena, differing from 
seismological technique[4]. The new prospects and hopes 
in the study and detection of the translational oscillations 
of the ESIC emerge thanks to the successful construction 
of the new high precision SG in the early of 1980s in 
GWR company in USA, and the accumulation of data sets 
in an international network. The researches have shown 
that it is hopeful for the mankind to recognize correctly 
the characteristics for the detailed structure and density 
distribution at the boundary of the Earth’s liquid outer 
core and solid inner core by determining accurately the 
parameters of the translational oscillations of the ESIC[5,6]. 

The translational oscillations of the ESIC at its equi-
librium position are the fundamental free modes in the 
dynamical problems of the Earth’s interior, which include 
usually three parts, i.e., the movement at Earth’s rotation 
axis, the equatorial prograde and equatorial retrograde 
translational movements[1,7]. For a sphere symmetrical, 
layered and non-rotating Earth model，these spheroidal 
normal modes are usually described by using degree 1 
spheroidal displacement vectors. The modes of the trans-
lational oscillations are also called the Slichter modes 
since they are found by Slichter for the first time. By us-
ing a generalized spherical harmonic expansion of the 
movement equation for a rotational and slight ellipticity 
Earth model, the translational oscillations of the ESIC 
were theoretically studied by Smith, the eigen-function 
solutions of the spheroidal displacement vectors were 
given in his study. The predominant components of these 
eigenmodes are expressed with spheroidal 1  and tor-
oidal 2  displacements, the truncation form of the solu-
tions are described by using spherical harmonic develop-
ments with order and degree (1, m) and (2, m) in form as 

1 2  where m = −1, 0, 1 represent respectively 
the equatorial prograde, axis, and equatorial retrograde 
translational modes. Based on a DG597 Earth model, the 
eigenperiods were calculated, the corresponding studies 
have emerged that the influence of the stratification in 
fluid outer core and the elastic property of the solid inner  
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core on eigenperiods to be significant[8]. The numerical 
computations based on theory also showed that the gravity 
variation signal is at 2 × 10−11 m/s2 level due to the equa-
torial retrograde translational mode during the Chile 
Earthquake in 1960. Since the existence of the Earth’s 
rotation, the infinite couplings among the spheroidal and 
toroidal vectors in displacement eigenfunction due to the 
action of Coriolis force appear, hence it is very difficult to 
evaluate accurately the truncation errors. To overcome this 
uncertainty due to the convergence of the generalized 
spherical harmonic expansion, the theoretical studies were 
developed by Smylie using a finite element technique 
based on so-called “subseimic approximation”. The pa-
rameters of the translational oscillations differing from 
those of Smith were obtained for Earth’s model CORE11 
and 1066A[5].  

In recent years, many valuable attempts are carried 
out by international colleagues in detection of the dynamic 
phenomena of the liquid core and solid inner core. By 
using Strasbourg SG data, Hinderer had studied the exis-
tence of the Slichter modes[9]. Based on the Brussels SG 
observations, the inertial oscillation modes of the liquid 
outer core provoked by the Hindu Kush deep large earth-
quake on December 30, 1983 were studied by Melchior 
and Ducarme[4]. With the IDA gravity observations, the 
existence of the modes in Earth’s liquid core was also 
checked by Cummins[10]. The translational modes were 
obtained by Smylie et al. using 4 ground based SG obser-
vations in Europe[11] and also the translation oscillations of 
the ESIC were confirmed late on by Courtier et al. using 
more SG observations[12]. The free core nutation problem 
of the Earth’s liquid core has been studied by Sun et al. 
and Xu et al. based on the global distributed SG observa-
tions[13,14], after that, Sun et al. constructed also the most 
recent Earth tidal experimental models[15]. However, due 
to its complicated problem, there exist significant dis-
crepancies between theoretical prediction and real detec-
tion.  

With the rapid progress of the electronic technique, 
especially the successful construction of the high precision 
SG and its wide use globally, the reliable assurance is now 
provided us for obtaining the small variation of the gravity 
on the surface of the Earth induced by the dynamics of the 
Earth’s deep interior[16]. Many excellent characteristics of 
the SG emerge due to overcoming the shortcomings as 
serious instrument drift and unstable in long period 
observations when using a spring gravimeter, as extremely 
wide dynamical linear frequency property and measuring 
range (from second to years), extreme high measuring 
accuracy (at 10−11 m/s2 level) and extremely stable yearly 
drift (10−8 m/s2 level)[17,18]. In our study, the phenomena of 
the translational oscillations of the ESIC will be investi-
gated by using the SG data from a global network in order 
to do necessary attempt and to establish a preliminary ba-
sis for further theoretical study and practical detection, 

and also to provide the valuable reference information for 
studying the physical properties in the Earth’s deep inte-
rior. 
1  Data preparation 

The SG observation periods used in present re-
searches are listed in Table 1, in total there are 14 stations 
and 21 observation series. In order to study and compare 
conveniently, the data sets from all stations are divided 
into two groups, i.e., (1) G-Ⅰ group, mainly including 8 
relatively longer series recorded with old GWR instru-
ments, the observations are mainly located in the periods 
from 1982 to 2000, and (2) G-Ⅱ group, mainly including 
13 relatively shorter series recorded with new GWR 
instruments, the observations are mainly located in the 
Global Geodynamics Project (GGP) periods after July, 
1997. The SG instruments with identical model, the same 
digital data acquisition system, filters and data sampling 
rate are accepted for all participated members in the GGP. 
There are 7 stations in Europe as Brussels, Memback, 
Metsahovi, Potsdam, Strasbourg, Vienne and Wetzell, 3 
stations in Asia as Esashi, Matsushiro and Wuhan, 2 sta-
tions in North America as Boulder and Cantley, and 2 sta-
tions in the Southern Hemisphere as Canberra and Syowa.  

It is an important basic work in this study for the de-
tailed preprocessing of the original observations. The 
Tsoft preprocessing package recommended by the Interna-
tional Center for Earth Tides are used[19]. By using a rela-
tively strong man-machine interface, the abnormal signals 
as jumps due to instrument, spikes caused by power im-
pulse and error data due to seismological activities and so 
on are carefully eliminated for both minute sampling 
gravity and station pressure obtained via international data 
exchange channel. The short-term interruptions in data 
recordings induced by the earthquakes, refilling liquid 
helium and stop of the power supply are filled using the 
spline interpolation[20—22]. By using an identical filter for 
each station, the hourly data of the tidal gravity and station 
pressure are arranged based on the minute samplings[23]. 
Considering the gravity signals induced by the 
translational oscillations of the ESIC are usually located 
on the sub-tidal band, i.e., at the period less than 8 h, it is 
necessary for us to remove further tidal gravity, atmos-
pheric pressure and instrument drift [24,25]. Then the gravity 
observation residuals Res(t) are obtained, the fitting for-
mula is given as follows[26]: 
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where Obs(t) and Pr(t) represent the original gravity 
observation and pressure variation at time t, respectively. 
δ k and ∆ϕk are the unknown amplitude factor and phase lag  
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order to obtain reliability of the power spectral density 
with high resolution[11]. The selected data block length is 
given as M = 12000 h, there exists the overlapping of 75% 
for two neighboring data blocks. If the whole data length 
is T, then the number of the data blocks κ can be given as 

for the kth tidal wave group, αk and βk the starting and 
ending arguments of the kth tidal wave group in the tidal 
generating potential table, Ai, ωi and ϕi the theoretical am-
plitude, angle frequency and preliminary phase. C is the 
atmospheric gravity regression coefficient. The 4th term in 
right side of eq. (1) represents the instrument drift of the 
second order polynomial, ai is the unknown coefficients. 
By using synthetic signal composed with high precision 
celestial catalogue given by Merriam, the atmospheric 
gravity admittances C and fitting coefficients of the instru- 
mental drift ai are obtained using a least square fitting, the 
corresponding results are listed in Table 1. Figs. 1 and 2 
demonstrate the gravity observational residual series for 
both groups G-Ⅰ and G-Ⅱ. It is found that there exists an 
obvious polar gravity effect in gravity residuals, and the 
analysis demonstrates that the residual amplitude reflects 
the station background noise level. The relatively large 
residuals for stations Cantly and Wuhan in G-Ⅰ group 
and Vienna and Matsushiro in G-Ⅱ group are clearly 
seen in Figs. 1 and 2, it signifies that these data are more 
greatly influenced by station background noise and local 
perturbations than the data obtained from other stations. 

 4 T 3,
M

κ = −  (2) 

then the Fourier spectrum F(n; ω) for nth data block is 
then given as 

 ( ; ) Res( ) ( ) e di tF n t w t ωω
+∞ −
−∞

= ⋅ ⋅∫ t , (3) 

where ω is the angle frequency, w(t) the window function. 
The Parzen window with length M is selected in this 
computation. Averaging the results for the κ data blocks, 
then the Fourier spectrum for the whole data series can be 
obtained as 

 ( )

1
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where  and ( )A ω ( )ϕ ω  are the amplitude and phase. 
Then the Fourier power spectral density for this series can 
be given as  

2  Residual power spectral density and product spec-
tral density  * 2( ) ( ) ( ) ( ) ,P F F I A Iω ω ω ω= ⋅ =  (5) 

where I is a normalization factor given by  Based on the accumulated experiences in numerical 
computation given by Smylie, for certain observation se-
ries of the gravity residual and pressure, the averaging 
spectral analysis technique for each data block is used in  
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When using N observation series, the Fourier spec-  

 
Table 1  Global SG observation period, atmospheric gravity admittance and fitting parameters of the instrument drift 

Station Observation period C/nm·s−2·hPa−1 a0/nm·s−2 a1/nm·s−2 a2/nm·s−2 
G-Ⅰ group 
Brussels1/Belgium 1982-06-02—1986-10-15 −3.428 5477.74 5.1615 × 10−3 −2.27187 × 10−7 
Brussels2/ Belgium 1986-11-15—2000-09-20 −3.428 8261.31 −4.33364 × 10−3 3.95268 × 10−8 
Boulder/USA 1995-04-12—2001-03-29 −3.240 4100.57 1. 21226 × 10−2 −6.78259 × 10−8 
Cantley/Canada 1989-11-07—1993-08-17 −3.000 −1416.08 −2.57169 × 10−1 2.18132 × 10−6 
Membach/Belgium 1995-08-04—2000-05-31 −3.428 −1068.06 8.6815 × 10−3 −7.62658 × 10−8 
Potsdam/Germany 1992-06-30—1998-10-08 −3.500 42.6904 1.29067 × 10−2 −1.25675 × 10−7 
Strasbourg/France 1987-07-11—1996-06-25 −3.000 −752.296 3.76773 × 10−2 −3.09172 × 10−7 
Wuhan/China 1988-11-17—1994-01-04 −3.840 −270.722 7.53626 × 10−3 −4.17849 × 10−7 
G-Ⅱ group 
Brussels/ Belgium 1997-07-01—2000-09-21 −3.428 8065.87 1.43421 × 10−2 −3.33212 × 10−8 
Boulder/USA 1997-07-01—2001-03-09 −3.240 4298.51 1.19642 × 10−2 −1.44745 × 10−7 
Cantley/Canada 1997-07-01—1999-09-30 −3.000 −530.54 7.0119 × 10−3 −3.58618 × 10−7 
Canberra/Australia 1997-07-01—1999-12-31 −3.002 3271.41 3.45377 × 10−3 −6.42189 × 10−9 
Membach/Belgium 1997-07-01—2000-05-31 −3.428 −909.798 −4.94036 × 10−6 1.37124 × 10−7 
Metsahovi/Finland 1997-07-01—2000-06-30 −3.810 −1854.78 2.89513 × 10−2 −2.69912 × 10−7 
Esashi/Japan 1997-07-01—1999-12-31 −3.145 3161.77 −3.04659 × 10−3 2.58302 × 10−7 
Matsushiro/Japan 1997-07-01—1999-12-31 −3.334 2334.66 4.6403 × 10−2 −4.85485 × 10−7 
Strasbourg/France 1997-07-01—1999-07-31 −3.000 2.56017 1.53173 × 10−3 3.06189 × 10−8 
Syowa/ Antarctic 1997-07-01—1998-12-31 −3.920 −1914.72 −8.69446 × 10−3 −2.89515 × 10−7 
Vienna/Austria 1997-07-01—1999-06-30 −3.220 −4995.73 4.39883 × 10−3 −1.24985 × 10−7 
Wetzell/Germany 1996-07-28—1998-09-23 −3.484 2353.82 −2.8184 × 10−1 −3.79209 × 10−7 
Wuhan/China 1997-12-20—2000-08-31 −3.498 3111.63 4.89498 × 10−3 −1.43076 × 10−7 
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Fig. 1.  SG observation residuals for stations in G-Ⅰ group. 
 
trum and power spectral density are represented as Fi(ω ) 
and  (i = 1, 2, ⋯, N are the series number), the 
product spectral density (PSD) estimation

( )iP ω

( )P ω  can then 
be obtained by [11]
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3  Numerical results and discussions 
Based on eq. (5), the evaluations of the Fourier 

power spectral density for both gravity residual and pres-
sure in G-Ⅰ and G-Ⅱ groups are obtained (Figs. 3 and 
4). By using a multi-station data stacking formula given in 
eq. (7), their PSD estimation at sub-tidal band is also ob-
tained (Figs. 5 and 6). It is found that though the pressure 
corrections are carried out for each gravity series, there 
exist still significant S5 and S6 peaks in the PSD estima-

tions that relate obviously to the solar heating. The study 
shows also that there exists the characteristic of the fre-
quency dependence for the influence of the pressure on 
gravity field[24]. Therefore, it is far away from removing 
completely the pressure effect from gravity observation 
when using only single admittance determined by a least 
square fitting technique in time domain. Since such a 
single regression coefficient has an averaging property in 
the whole frequency band. Therefore, it is necessary for us 
to further consider the frequency dependence of the 
pressure on gravity influence, in order that some weak 
geodynamical signals in Earth’s deep interior can emerge 
in the surface gravity observations. 

In order to further improve effectively the sig-
nal-noise level, the frequency-dependent 3 order polyno-
mials are used to delete the remaining pressure compo-
nents in the PSD results. The fitting process of the back-
ground noise Bn( f ) for pressure and gravity in the PSD  
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Fig. 2.  SG observation residuals for stations in G-Ⅱ group. 

 
results is simulated. The formula is given as 
  (8) 2

0 1 2 3( ) ,Bn f b b f b f b f= + ⋅ + ⋅ + ⋅ 3

where b0, b1, b2 and b3 are the unknown constants in the 
fitting polynomials. The energy ratios of the gravity and 
pressure in the PSD estimations for S5 and S6 are taken as 
the correction coefficients of the pressure signals at this 
band. The pressure correction coefficients in other sub- 
tidal band are obtained by using a frequency-dependent 
linear interpolation technique. Then the remaining pres-
sure signals are finally removed from the gravity PSD 
estimations. Fig. 7 gives the final PSD results of the grav-

ity residuals after removing the remaining pressure signals 
for both G-Ⅰ and G-Ⅱ groups.  

It is found from Fig. 7 that the averaging background 
noise of the gravity residuals in G-Ⅱ group (lower plot) 
is lower than that given in G-Ⅰ group (upper plot). This 
signifies that the quality of the SG observations is 
improved significantly in the GGP period. It seems that no 
signals from core modes at a period of (3.58 h (0.227 cpd), 
3.76 h (0.266 cpd) and 4.01 h (0.249 cpd)) claimed by 
Smylie and Courtier are found in our final PSD results for 
both G-Ⅰ and G-Ⅱ groups. However, several significant  
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Fig. 3.  Power spectral density for SG observation residuals in G-I group. 

 
common spectral peaks are identified (marked as frequency 
as SP1, SP2, SP3, SP4, SP5, SP6, SP7 and SP8). The analy-
sis shows that they are possible common weak harmonic 
signals relating to global movements, considering the use 
of effective stacking technique for global data and remov-
ing further effectively the remaining pressure influence. 
On the other hand, the PSD estimates for both pressure 
and gravity residuals in G-Ⅱ at stations inside and outside 
Europe are also carried out, it is optimal that the similar 
peaks are situated. Therefore, referring to the theoretical 
computations given by Smith and Smylie, these common 
peaks can be inferred to the response of the geodynamical 
phenomenon of the translational oscillations of the ESIC.  

In order to determine the oscillation parameters for 
these common spectral peaks, similar to Smylie, the reso-

nance near the common peaks is simulated by a harmonic 
oscillator given as[6]

 
( )

2

2
0

( ) ,
1 4

As f
f f f

=
⎡ ⎤+ − ∆⎣ ⎦

 (9) 

where s(f) is the PSD estimation at frequency f, A is reso-
nant strength,  f0 the central frequency of the correspond-
ing common peak, ∆f is the length of the damping interval 
of the resonant frequency. Then the central period and 
quality factor can then be estimated by T = 1/ f 0 and Q =  
f 

0/∆f. By using a linear progressive iterative technique 
given by Marquadt for improving the numerical results, 
the resonant parameters (including the central frequency, 
resonant period, quality factor and resonant strength) for 
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Fig. 4.  Power spectral density for SG observation residuals in G-Ⅱ group. 

 
10 signals including 8 common peaks and 2 solar heating 
waves (S5 and S6) are calculated, and the results are given 
in Table 2.  

It is indicated from comparison that the discrepancies 
of the resonant parameters between G-Ⅰ and G-Ⅱ groups 
are very small, then the mean of the results of two groups 
for each peak can be taken as the final ones. The numeri-
cal results show that the determined resonant periods 

(4.93438 ± 0.00186 h, 4.42734 ± 0.001159 h and 4.09381 
± 0.00082 h) for SP1, SP4 and SP7, which correspond 
well with those of Slichter modes given in the theoretical 
computation by Smith using a generalized spherical har-
monic expansion technique (4.916 h, 4.441 h and 4.055 h), 
the discrepancies are only 0.4%, −0.4% and 1.0%. This 
astonishing agreement between real detection and theo-
retical computation has temporal important meanings, it  
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Fig. 5.  Product spectral density in sub-tidal band in G-Ⅰ group. (a) station pressure; (b) gravity residual. 
 
 

 
 

Fig. 6.  Product spectral density in sub-tidal band in G-Ⅱ group. (a) station pressure; (b) gravity residual. 
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Fig. 7.  Final PSD evaluation of the SG observations in sub-tidal band. 

 
Table 2  Central frequency, eigen-period, quality factor and resonance strength for some common peaks 

No. F(cph) P/T·h−1 Q ST 

  G-Ⅰ  group 
SP1 0.20244 ± 0.00009 4.93969 ± 0.00212 94 ± 14  0.98293 ± 0.02250 
SP2 0.21435 ± 0.00003 4.66530 ± 0.00062 121 ± 10 0.87720 ± 0.00998 
SP3 0.22021 ± 0.00017 4.54122 ± 0.00346 96 ± 46 0.75371 ± 0.03481 
SP4 0.22592 ± 0.00005 4.42633 ± 0.00088 100 ± 13 0.74564 ± 0.01145 
SP5 0.23608 ± 0.00020 4.23589 ± 0.00363 66 ± 20 0.68372 ± 0.01105 
SP6 0.24154 ± 0.00007 4.14012 ± 0.00116 184 ± 41 0.81952 ± 0.04121 
SP7 0.24421 ± 0.00006 4.09493 ± 0.00092 162 ± 29 0.81406 ± 0.02427 
SP8 0.24755 ± 0.00004 4.03952 ± 0.00064 180 ± 32 0.78873 ± 0.01862 
*S5 0.20833 ± 0.00003 4.80000 ± 0.00065 289 ± 33 1.68925 ± 0.06622 
*S6 0.24998 ± 0.00006 4.00027 ± 0.00090 145 ± 20 0.93283 ± 0.03001 

  G-Ⅱ  group 
SP1 0.20288 ± 0.00007 4.92907 ± 0.00160 103 ± 19 0.56581 ± 0.01703 
SP2 0.21451 ± 0.00007 4.66185 ± 0.00157 88 ± 17 0.51704 ± 0.01275 
SP3 0.22034 ± 0.00014 4.53841 ± 0.00287 69 ± 25 0.43480 ± 0.01333 
SP4 0.22582 ± 0.00012 4.42835 ± 0.00229 108 ± 31 0.44698 ± 0.01678 
SP5 0.23574 ± 0.00007 4.24199 ± 0.00133 142 ± 33 0.42847 ± 0.01764 
SP6 0.24153 ± 0.00007 4.14036 ± 0.00117 200 ± 42 0.52575 ± 0.03009 
SP7 0.24434 ± 0.00004 4.09269 ± 0.00072 248 ± 35 0.59393 ± 0.02634 
SP8 0.24722 ± 0.00007 4.04494 ± 0.00119 133 ± 25 0.43971 ± 0.01624 
*S5 0.20835 ± 0.00003 4.79957 ± 0.00057 335 ± 39 1.14333 ± 0.04596 
*S6 0.24987 ± 0.00004 4.00214 ± 0.00069 205 ± 26 0.62452 ± 0.02216 

 
signifies that the 3 common peaks determined in our work 
correspond to the translational oscillations of the ESIC to 
be confirmed if the theoretical computation given by 
Smith is correct[27]. The determined quality factors and 
resonant strengths can be also explained by using an 

in-elasticity of the Earth’s structure[15].  
On the other hand, the spectral splitting of the nor-

mal modes of the Earth’s spheroidal oscillation can 
emerge due to the existence of the Earth’s rotation and 
ellipticity[28,29]. The analysis shows that a symmetric 
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property for SP6 and SP8 peaks at the two sides of SP7 
exits. Two peaks at the symmetric place of SP1 in the PSD 
final results for G-Ⅱ group (not yet marked) can be also 
found, though it is not obvious in the PSD final results for 
G-Ⅰ group (may be covered by the noise). Therefore, the 
peaks at symmetric place of the SP1 and those at the 
symmetric place of the SP7 may correspond to the spectral 
splitting phenomenon due to the Earth’s rotation and ellip-
ticity, if the peaks of the SP1, SP4 and SP7 are caused by 
the normal modes of the ESIC. 

4  Reliability test of the numerical results  
In the ground surface gravity measurements, the 

weak signals of the translational oscillations of the ESIC 
are often covered by station background noise. Therefore 
it is still quite difficult for us to distinguish them by using 
the data from only unique station, even using high preci-
sion SG observations. Fortunately, the gravity signals in-
duced by the translational oscillations of the ESIC are the 
global harmonic ones, therefore the global stacking tech-
nique can effectively reduce station background noise 
level, and enlarge relatively the common harmonic signals 
considering the various characteristics of the global station 
background noises. In order to check the reliability of the 
numerical computation during the determination of 8 
common weak harmonic signals and also to know the de-
tectable amplitude limitation of the global harmonic sig-
nals, the artificial weak harmonic signals with fix known 
frequency and various amplitudes are injected to each 
gravity residual series in G-Ⅱ group. The power spectral 
densities for each series are calculated, and the final PSD 
estimation is then obtained. The numerical results show 
that when selecting frequency of the known harmonic 
signals as 0.23 cph, then (1) it is quite difficult for us to 
find the common peak in the final PSD estimation when 
injecting an artificial harmonic signal with an amplitude 
as of 5 × 10−12 m/s2, the injected signal is covered basi-
cally by station background noise; (2) there appears a 
weak common peak in the final PSD estimation when in-
jecting an artificial harmonic signal with an amplitude as 
of 7 × 10−12 m/s2, the local signal-noise ratio arrives at 
1.15, it signifies that the injected signal can be identified 
basically; and (3) there emerges an obvious common peak 
in the final PSD estimation when injecting an artificial 
harmonic signal with an amplitude as of 9×10−12 m/s2, the 
local signal-noise ratio arrives at 1.25, it means that the 
injected signal can be identified completely (Fig. 8). These 
tests have shown that the signal can be identified basically 
by using the PSD estimation, if there will be a global 
common harmonic signal with an amplitude of 7 × 10−12 
m/s2. It proves also that the numerical results of 8 com-
mon peaks detected in this paper are reliable. Of course, 
except for 3 peaks among 8 are explained with theoretical 
modulation by Smith, the signal sources of the other peaks 
should be further studied. 

5  Preliminary conclusions  
By using 21 SG observation series at 21 stations in 

the GGP network, the Fourier power spectral densities and 
PSD estimations are carried out in this paper in order to 
identify the common signals relating to the translational 
oscillations of the ESIC after modifying the various error 
data and perturbation signals as well as removing of the 
theoretical tidal gravity signals. The numerical results 
show that the 8 common peaks are identified in the final 
PSD estimation for both G-Ⅰ and G-Ⅱ groups. The 
analysis demonstrates that the connection of the 8 peaks 
with station pressure and background noise is rejected, 
and the global weak harmonic signals induced by the 
geodynamics in the interior of the Earth are then con-
firmed. The resonant parameters for all peaks including 
the frequency, period, quality factor and resonant strength 
are determined accurately. The eigenperiods for 3 peaks 
among 8 correspond quite well with those of Slichter 
modes in theoretical prediction given by Smith, the dis-
crepancy between them is only 0.4%, −0.4% and 1.0% 
respectively. This high agreement between practical iden-
tification and theoretical prediction signifies that the cor-
responding signals induced by the translational oscilla-
tions of the ESIC are confirmed. Some peaks can be ex-
plained by using the spectral splitting induced by Earth’s 
rotation and ellipticity. Of course, no suitable reasons are 
found to explain other determined peaks, are they induced 
indeed by the ESIC? Or are they related to other geo-
physical and geodynamical factors as shallow sea tides 
and so on? The further checking should be developed in 
the forthcoming step. 

On the other hand, it is necessary for us to declaim 
that the identification of the translational oscillations of 
the ESIC is still nowadays a difficult task since its weak 
signals on the ground based gravity measurements, there-
fore, it is also one of the world frontier projects in Earth 
sciences, our work is only a starting point and also a pre-
liminary one. The main sophisticate points are given as (1) 
though the ideal laboratory accuracy of the SG measure-
ment is at 10−11 m/s2 level, the expected signals due to the 
translational oscillations of the ESIC are at the identical 
level, and also usually the real station background noise is 
much high; (2) the newest multistation stacking technique 
can overcome effectively the local background noise, rela-
tively to enlarge the global weak harmonic signal, but its 
detection boundary amplitude of the harmonic signal is at 
7 × 10−12 m/s2 that is at the same level with SG lab precision; 
(3) there is no one confidential theoretical model of the 
translational oscillations of the ESIC to be recognized by 
international colleague for the real detection reference; and 
(4) the mechanical sources of the translational oscillations 
of the ESIC are not yet clear until now, are they induced 
really by large earthquakes in deep interior of the Earth? 
or by the strong electronic-magnetic spiral field induced  
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Fig. 8.  Final PSD estimation when injecting an artificial weak harmonic signal. 

 
by the iron components and high temperature in the liquid 
outer core and together with topography coupling force 
toques at the inner core and outer core boundaries due to 
the Earth’s rotation? Therefore the deep study and reliable 
conclusions will depend on the confidential theoretical 
model, the accumulating global long period high precision 
SG observations and the detailed data preprocessing 
works for improving the resolution of the gravity signals.  
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