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Vlastni kmity Zemé

"Vlastnimi kmity nebo volnymi oscilacemi oznacujeme
pohyb nasledkem procesii uvoliiujicich do systému takové
mnozstvi energie, které vyvold vinéni schopné obihat celé
téleso, a tak interferovat. Jde v podstaté o stojaté vinéni
s nekonec¢nym poctem stupiii volnosti a vlastni kmity jsou
pak elementy tohoto vInéni."

(©Eliska Zabranova, 2008
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Vlastni kmity Zemé

(Duck from Théocrize,
©J.L & P. Coudran)

Few minutes after the earthquake Few hours after the earthquake (¢S,,)
Constructive interferences = free oscillations
(orstationary waves)
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Vlastni kmity Zemé

Value of SNM, Magnitude of the Earthquake

Time evolution of SNM at PE station (Czech Republic)
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Vlastni kmity Zemé

Uginek vlastnich kmitti Zemé na pozorované veliciny Ize zapsat jako

N
(%, t) =) Ai(¥)e ! (coswit + ) (1)
i=1
kde
i - hodnota mérené veliciny
X - poloha zaznamového zafizeni
t - Cas
Ai(X) - pozorovana amplitida i-tej viny
Q; - koeficient Gtlmu i-tej viny
wj - uhlova rychlost i-tej viny

i - fazovy posun i-tej viny
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Slichtertiv mod

THE FUNDAMENTAL FREE MODE OF THE EARTH’S INNER CORE
By Louis B. SLICHTER
INSTITUTE OF GEOPHYSICS, UNIVERSITY OF CALIFORNIA AT LOS ANGELES
Communicated December 20, 1960

The large Chilean earthquake of May 22, 1960, furnished the first fully convincing
observational evidence concerning the free modes of oscillation of the earth. This
earthquake excited large response at long periods on both a LaCoste-Romberg
earth-tide gravimeter! and on Benioff strain seismometers.? In the spectral analy-
ses by Ness! of the gravimeter observations a sequence of over forty free modes
has been identified each at a period in accord with the predictions of theory.?

However, the first spectral peak (with period about 86 minutes) appearing at the
low frequency end of the spectrum (Fig. 1) was not theoretically predicted. This
peak is defined by 4 or 5 points and appears both in the “filtered” spectrum (in
which the relatively enormous amplitudes due to the semidiurnal and diurnal
gravity tides were suppressed) and in the corresponding unfiltered spectrum. The
peak also occurred in the spectral analyses of several of the sub-intervals of the
4.6-day gravimeter record;' and, significantly, it is absent in the analysis of the
quiet period (see Fig. 1) a month later. Its “energy” (amplitude-squared) is
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Slichtertiv mod

POWER SPECTRA ANALYSIS-UCLA EARTH TIDE GRAVIMETER
CHILEAN EARTHQUAKE —MAY 22, 1960
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tral peak (shown by arrow) with period 86 minutes. (Portion of Fig. 4, reference 1,
by courtesy of the authors. The numbers above the peaks indicate the period, in
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Slichterav mod ((©)Eliska Zabranova)

1S | T=19628s

povreh

pavreh

Slichterliv mdd: pohyb vnitfniho jadra
jako celku.

6300

8200

6100

-0.04-0.02 0 0.0Z 0.04



R R R,
O hledani Slichterova tripletu

I—Struén)'l popis supravodivého gravimetru
L GWR 056G-050

Supravodivy gravimetr GWR OSG-050
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Supravodivy gravimetr OSG-050
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L GWR 05G-050
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GGP Stations 2010
O current @ new
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GGP European Stations 2010

O current B new
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I—StruEny popis supravodivého gravimetru
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GGP Central European Stations 2010

O current @ new
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Co lze pomoci supravodivého gravimetru mérit 7

Surface Gravity Effect
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LProé je obtizné nalézt Slichteriv mod

Proc¢ je obtizné nalézt Slichtera?

> nevime jeho presni frekvenci

» jeho amplitada je maximalné 1 nGal (Groven Sumu je
nekolikanasobné vétsi)

» neumime kompletné odstranit variaci atmosférického tlaku

» neumime Gplné odstranit variaci hydrosféry

» nedokonalost slapového modelu, nelinearni slapy, oceanské
slapy
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Frekvence Slichterova modu ((©Eliska Zabranova)

perioda [s1

Perioda 'S vs. skok hustoty na ICB

2évielost periody 151 na velikesti hustotnihe skoku na ICE

20200
20000
19800
19600
19400
19200
19000
560 570 580 590 600 610 820 630
skok hustoty na ICB Lkg/m31

-

" Ag<0.1%

Pro vyssi mddy je zména
periody zcela zanedbatelna.
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Frekvence Slichterova modu

304 8. Rosat et al. / Journal of Geodynamics 41 (2006) 296-306
Table 3
Possible triplets for different Earth models and computational methods. as function of the density jump at the ICB
Detected frequencies (10~ Hz) m=—1 m=0 m=1
1066A (Dahlen and Sailor, 1979)
Apres =900 kg/m?* 6.556511 7143311 7.745011
Modified PREM models (Method 1)
Apics =300 kg/m’ 6.348202 6.937362 7527202
Aprep=600kg/m* 6319682 6.915872 7.506802
Aprcs=800kg/m? 6335576 6.937706 7.531646
A =900 kg/m’ 7.143021 7.748101 8.343881
Modified PREM models (Method 2)
Apics =300 kg/m’ 6.593068 7.206238 7.747808
Aprcs =600 kg/m’ 7400513 8.011723 8.574493
Aprcs=800kg/m® 6.520400 7.143310 7.716470

Aprcs =900 kg/m’ 6.554921 7.170541 7.748441




O hledani Slichterova tripletu
L Hledani Slichterova modu

LProE je obtizné nalézt Slichteriv mod

Frekvence Slichterova modu

S. Rosat et al. / Journal of Geodvnamics 41 (2006) 296-306 301

Table 2
Computed frequencies of the Slichter triplet as function of the density jump at the ICB computed for PREM. 1066A and modified PREM models
using Methods 1 and 2

Predicted frequencies for the Slichter triplet 157 (10~ Hz) m=—1 m=0 m=1
Model 1066A (A pres =900 kg/m?)

Dahlen and Sailor (1979) 5.5400 6.1268 6.7285

Crossley et al. (1992) 5.6736 625901 7.0323
Model PREM (A pics = 600 kg/m®)

Rogister (2003) 4.63658 523220 5.82343

Crossley (1992) 4.64580 523122 581400
Modified PREM model (A prcs =300kg/m®)

Method 1 3.26081 3.85888 4.44881

Method 2 336333 397650 4.51807
Modified PREM model (A prcs —600kg/m®)

Method 1 4.64776 524395 5.83488

Method 2 474744 5.35865 502142
Modified PREM model (A prcs =800kg/m®)

Method 1 537232 507445 656830

Method 2 547683 6.00065 6.66381
Modified PREM model (A prcs =900kg/m®)

Method 1 5.69801 6.30318 6.89887

Method 2 5.80425 641987 6.99777
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Amplitada Slichterova modu

107" 3 {
2 fﬁ'f N i ; |
Bacri T nga
® A W
B o407
E
=
1073
L4 ) |
central period of Slichter triplet
5 (PREM model: 5.42h)
10° T T T 1
10° 10% 10" 10° 107

Hz

Fig 11. Amplitude spectrum of the quistest pesiod of 15 days at Strasbowe station. The central period of the Slickter triplet is mdicated
and the nanogal level is also plotted & a refarence. At the frequency of the Slichter mode (about 5 x 107 Hz), the noise at Strasbowg is
above the nanogal level. For higher frequencies {above 107 Hz), the notse amplitude i below the nanogal level The spectmm decrease
below 2 % 1077 Hz is due to 2 high-pass filtering.
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Amplitada Slichterova modu

Pro hustotu vykonového spektra (PSD) bileho sumu plati
PSD,,, = konst. = 0‘3,,, To

kde o, je vykon bileho Sumu a Ty je vzorkovaci interval.
Pro hustotu vykonového spektra netlumeného kmitu plati

2
psp _ A2NTo

kde A je amplituda viny, N je pocet vzorki.
Tedy ze znalosti vykonu bileho S3umu a zndmem poctu vzorka N lze
urCovat periodické signaly s minimalni amplitudou

20wn

VN

A>
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Amplitada Slichterova modu

196 5. Rosat et al /Physics of the Earth and Planetary Interiors 140 (2003 153-202

. Limits of d ble signals: A = 2°si

y = 2*sig qri(N) — sigma = 10 nmis?

Signal Amglitude A (nmie?)
3

-D 1 2 3 4 5
Nurmber af paints N win’

Fig. 10. Detectabibity of small harmomic s1gnals m white noise as a funchion of observation pertod. The relanion used = A = 2a/ /N,

where 4 comesponds to the amplitede of 2 hanmonic signal that it is possible to detect with N points over a white noise of amplifude 0.

For example, with o — 1.3 nmi=?, harmonic signals of the nanogal amplinada will be detected over the noise if the record lengrh is greater
than 70000 points,
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Ucinek variace atmosférického tlaku
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Ucinek variace atmosférického tlaku

Atmospheric effects

(also affecting Earth tide analysis)

2375

Newtonian effects : -4 nm/shPa

Loading :
+1 nm/s¥hPa
N ke
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Ucinek variace atmosférického tlaku
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Ucinek variace atmosférického tlaku
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Variace hydrologickych parametri

- Moxa - correlation = 0.16
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Variace hydrologickych parametri

Gmundwater (]n mm x! by 7)

-1
(ngal)
-4

) 4——- Rain (m mm)
; SGgravdy(mp,gaU

l‘ | F 1 EI.l il 10

0 20 40 100 120 140 160 180 200
Time (day)

Figure 2. Gravity Variations Due to Rainfall, Boulder TMGO

{7
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Variace hydrologickych parametri

GGP Data smoothed to GRACE 10-day GRGS epochs

(microgal)
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Slapové modely

] Slapovy model (rok) \ Pocet vin ‘
Doodson(1921) 378 vin
Carwright-Tayler-Edden(1973) 505 vin
Buellesfeld(1985) 656 vin
Tamura(1987) 1200 vin
Xi-Qin-Wen(1989) 2933 vin
Roosbeck(1996) 6499 vin
Hartmann-Wenzel(1999) 12935 vin
KSMO03, Kundryavtsev (2004) | 28806 vin
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Ucinek slapt
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Ucinek slapt

Slapove spektrum

Amplitude (nGal)
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I—Metody zaloZené na Fourierové analyze

Spektrogram zajmové frekvencni oblasti

Frequency (u Hz)

GO Pecny — March 2010
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I—Metody zaloZené na Fourierové analyze

Mésicni spektralni analyza

March 2010 (GOPE)
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I—Metody zaloZené na Fourierové analyze

Spektrogram zajmové frekvencni oblasti

GO Pecny - April 2010
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LMetody zaloZené na Fourierové analyze

Mésicni spektralni analyza

April 2010 (GOPE)

50 s L L L L
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LMetody zaloZené na Fourierové analyze

Analyza 03/2010 - 06/2010

2010/03 — 2010/06 (GOPE)

Amplitude (nGal)

M' il M LG
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LMetody zaloZené na Fourierové analyze

Pokus o nalezeni potencialnich frekvenci Slichterova modu

» amplitddova Cast

Av(f) Ao(f) As(f)

Ki(f) =
1( ) Awn,l Awn,2 Awn,3

-1

» Otlumova cast
As(F)—Aa(f)  Ax()—Ar(f)

a(f) = —E——

> spojeni obou ¢asti a vytvoreni "testovaci funkce"

K = Ki(K3 — 10)
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LMetody zaloZené na Fourierové analyze

Analyza 03/2010 - 06/2010

2010/03 — 2010/06 (GOPE)

Amplitude (nGal)

T T T T T T T T T T T T T T T T T T T
30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70

Frequency (1 Hz)
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Fourierové analyze

Analyza 03/2010 - 06/2010

Amplitude (nGal)

2010/03 — 2010/06 (GOPE)
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Analyza 03/2010 - 06/2010

2010/03 — 2010/06 (GOPE)
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LMetody zaloZené na zvysovani SNR

Jak zvysit hodnotu SNR 7

x{n) = sy(n) + ny(n) H(z), h(n) %(n) = 8,(n) +n,(n)

Literatura uvadi pomerné mnoho metod, jak se da zvysit hodnota
SNR (Signal-to-Noise-Ratio). Napfiklad:

» vinkova (wavelet) transformace

» frekvencni filtrace

» sumacni primérovani

» autokorelaéni filtrace
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VInkova transformace

PF¥i potlaovani Grovné sumu pomoci vinkové transformaci se
nejdfive provede dekompozice vstupného signalu, kterou obdrzime
dva soubory koeficientti - koeficienty aproximace, které obsahuji
nizkofrekven&ni informaci o signalu a koeficienty detailu obsahujici
vysokofrekvenéni informaci, vratané Sumu. Samotné potlacovani
Sumu spocCiva ve vhodné apravé koeficientd, tzv. prahovani
koeficientid. Koeficienty, které jsou mensi nez hladina prahu jsou
polozeny za nulové a nepodileji se dale na rekonstrukci (zpétné
transformaci) signalu. Tim se dosahne Castecného potlaceni Sumu
bez ztraty podstatné Casti vysokofrekvencnich slozek signalu.
Frekvenéni spektra signalu a sumu se mohou prekryvat.
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LMetody zaloZené na zvysovani SNR

Frekvenéni filtrace

Na signal obsahujici sum se vhodné aplikuje selekéni filtr (dolni
propust, horni propust, pasmova propust, pasmova hraz, pfipadné
slozitejsi filtr), kterého cilem je co nejvice eliminovat vliv Sumu a
mit co nejménsi vliv na signal. To lze splnit, pokud se frekvencni
pasma signalu a sumu neprekryvaji. V pfipade bileho Sumu, je tohle
splnitelné pro harminicky signal. Pro zakladni periodické signily je
nutno v propustnosti filtru ponechat tolik harmonickych zlozek, aby
bylo dosazeno skresleni signalu filtraci mensi nez povolend hodnota.
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Frekvenéni filtrace

Jestli ma signal omezené frekvenéni pasmo (fzx — fax) a Sum je bily
(nulova stredni hodnota a rozptyl 02). Jestli méfici zafizeni
zpracovava frekvenéni rozsah fy, - fp, (f4, < fgx a fax < fpz), pak
pro SNR plati

Py

Jestli aplikujeme selekéni filtr (pasmovou propust) s meznimi
frekvencemi fgr a fhr, pro které plati fy, < fgr, fror < fouz, far < fox
a fpx < fur, pak pro novou hodnotu SNR plati
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Frekvenéni filtrace

Aplikaci takové filtrace dostaneme zvyseni hodnoty SNR

SNRE = SNR; — SNR; = 10 log ? ::dz (dB)
hf — Idf
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Sumacni pramérovani

V této metode se jako vzorkovaci interval voli perioda signalu a
vypocte se aritmeticky primér z N vzorkd zaSumeného signalu
x(i) = s(i)+ n(i) (s - signal, n - Sum). Za predpokladu
pritomnosti jenom bilého Sumu v datech (nulova stfedni hodnota a
variance o) se algoritmem neméni amplitudy signalu, ale rozptyl
aritmetického priiméru z N dat klesne na hodnotu o,,/v/N, teda
SNR se znasobi koeficientom v/\V.
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Porovnani metod

ViInkova transformace

typ waveletu dmey | sym8 | bior5.5 | bior6.8 | coif3
Groven rozkladu 5 7 6 4
SNRE (dB) 29.67 | 16.40 | 13.16 | 11.96 | 11.88

Frekvencni filtrace

typ filtru FIR dolni | lIR dolni | FIR pasmova
propust | propust propust
SNRE (dB) 10.78 12.12 2.68
Sumacni priimeérovani
pocet period 4 8 16 32
SNRE (dB) 10.31 | 15.02 | 20.98 | 31.71
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Multistation method

Amplitude (nGal)

1.50
1.49
1.48
1.47
1.46
1.45
1.44
1.43
1.42
1.41
1.40
1.39
1.38
1.37
1.36
1.35
1.34
1.33
1.32
1.31
1.30

Cibinong (Indonesia)

30 35 40 45 50 55 60 65 70

Frequency (1 Hz)
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Multistation method

Amplitude (nGal)

Djougou (Benin)

30 35 40 45 50 55 60 65 70

Frequency (1 Hz)
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Multistation method

Amplitude (nGal)

Kamioka (Japan)

1.20
1.19
118
117
1.16
115
114
113
112
11
1.10
1.09
1.08
1.07
1.06
1.05
1.04
1.03
1.02
1.01
1.00

30 35 40 45 50 55 60 65 70

Frequency (1 Hz)
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Multistation method

Amplitude (nGal)

2.80
279
278
277
2.76
275
2.74
273
272
271
2.70
269
2.68
2.67
2.66
2.65
2.64
2.63
262
261
2.60

Ny-Alesund (Norway)

30 35 40 45 50 55 60 65 70

Frequency (1 Hz)
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Multistation method

Amplitude (nGal)

1.70
1.69
1.68
1.67
1.66
1.65
1.64
1.63
1.62
1.61
1.60
1.59
1.58
1.57
1.56
1.55
1.54
1.53
1.52
1.51
1.50

Concepcion (Chile)

30 35 40 45 50 55 60 65 70

Frequency (1 Hz)
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Multistation method

Amplitude (nGal)

4.10
4.09
4.08
4.07
4.06
4.05
4.04
4.03
4.02
4.01
4.00
3.99
3.98
3.97
3.96
3.95
3.94
3.93
3.92
3.91
3.90

Wuhan (China)

30 35 40 45 50 55 60 65 70

Frequency (1 Hz)
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Vysledek testovani na syntetickych datech

racwi (—)

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0.00

-0.01

-0.02

-0.03

-0.04

-0.05

Value of testing factor

T T T T T T T T T T T T T T T T T T T
30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70

Frequency (u Hz)
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Dékuji za pozornost.
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