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seismic antenna, corresponding signals lie in planes perpendicular to the direction of the radiation source, have a 

high degree of elliptical polarization. 
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İ ≈10-5 on the total energy of the pulsar. 

 

Keywords: gravitational waves, gravitational signal, gravitational detector,  seismic antenna, seismic station, 

deformation, elliptical polarization. 

DOI: 10.18698/2309-7604-2015-1-343-358 

 

Introduction 

Gravitational waves (GW) are an inevitable consequence of the many theories of gravity 

[1,2]. Indirectly, GW were identified in the motion of binary pulsars [3].  

Gravitational wave stretches and compresses space [1,2]. It causes a relative oscillatory 

motion of different points of space and it can be registered. 

Many works devoted to experiments on the detection of gravitational waves, including 

projects based on laser interferometers (LIGO , VIRGO et al.) [1-8]. 

As a gravity detector is proposed to use the global seismic antenna (GSA), its elements - 

arbitrary "quiet" seismic stations, the aperture should be about 10,000 km. Registration  the relative 

movement of different points on the Earth's surface implemented as a result of optimal processing 

data of global seismic antenna (GSA) [9,10]. Using the Earth as a detector of gravitational waves 

is explained in Appendix A. 

In this paper we consider the variant of GSA, based on 19 seismic stations of the 

International Monitoring System (IMS) of the Comprehensive Nuclear Test Ban Treaty (CTBT), 

placed on different continents (Figure 1) [11]. 
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1. The mathematical model of the gravitational signal 

If gravitational wave falls on seismometer (detector) with an angular frequency f 2
in the direction z, then in its own local frame motion seismometer mass element under the action 

of gravitational waves is described by equations (TT coordinates) [2,12]: 
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c   - perturbation metric. 

 

If the source of the GW-periodic waves,   the perturbations of the metric also are periodic 

functions. Therefore, solving the system of equations (1) are also periodic functions: 
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and they can be expanded in a Fourier series: 
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First approximation of these solutions are harmonic components(n=1):
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Fig. 1.  Location of selected IMS stations CTBT [5]. 

1 - three-component station;  2 - seismic array. 

 

For an arbitrary direction of propagation of gravitational-wave signals registered are 

represented as: 
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r=r (φ,ȜΨ=RЗ(cosφcosȜ ,cosφsТnȜ, sТnφΨ - vector from the center of the Earth to the  

point  on the surface with coordinates (φ ,ȜΨ; Earth radius RE=6371000 м ; 

p = (cosφpcosȜp ,cosφpsТnȜp, sТnφp) – vector directed to the point of 

the celestial sphere (φp,Ȝp)(second equatorial coordinate system). 

Signal (2) – the  ellipse in the plane perpendicular to the direction p, semiaxis  

adisp(f, p) ɢ  bdisp (f, p). 

 

2. Detector gravitational signals 

For the detection of weak GW - signals appropriate to apply the methods of optimal data 

processing seismic network. The detector must perform the detection of elliptically polarized 

signal to background seismic noise. 

Data recorded by GSA   represented as the vector of observations: 
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( )
i

my   registrable  seismic wave field (SWF)  on the i-th station; 

( , )
i

ts r -detected harmonic signal on the i-th station; 

( ,t)
i

n r   - the seismic noise on the i-th station; 

i
r

   
-vector from the center of the earth to the point of placing of the i-th station; 

Nst - number of stations seismic network; N - size of the sample data; 

Δt - sampling interval time, Fd = 1/Δt - sampling frequency. 

Characteristics and properties of seismic noise [13 -17]: 

- Normal distribution of seismic noise; 

- Noise on seismic stations are independent, if stations are spaced apart from one another 

at distances of several hundred kilometers or more; 

- Power spectral density Gn(f)≤10-18
 (m/s)2/Hz to “quТet” seТsmТМ arraвs on total beamν 

- Power spectral density decreases with increasing frequency Gn(fΨ≈ Gn(1Ψ∙ f -2; 
- StatТonarв seТsmТМ noТse Тnterval ≈ θ-8 hours in the frequency band less than 0.1 Hz . 
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Functional optimal method of detecting the signal of the form (2) can be represented in the 

form of log-likelihood ratio: 
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where   ( / )( ( / ))i iP y s P y n  - the density ( )iy t , subject to the signal or lack thereof.  

Optimal processing functional when it detects a priori unknown signal of the form (2) is [9] 

( ) max ( / ),
m

L y L y   , 

 

where  { ( , ), ( , ), }a f b f  p p P   set of signal parameters of the form (2) 

Optimal  functional estimates the energy of gravitational radiation coming from an arbitrary 

point on the celestial sphere (φp,Ȝp) at frequency f  : 
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i.e.  the energy estimation of elliptically polarized seismic process (EPSP),  

(av(f, p) ɢ  bv (f, p))- semiaxes of the ellipse along speed. 
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Estimation of energy is carried out on the time fragment [t0, t0 + T], whereby E(f,p) is a 

function of the duration time t0 and T. To estimate the energy 32 directions (beams) p were 

chosen: 

 

o75 ( 1) , ( 1) , 1 4, 1 8,d 45 ,
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Earlier, using the optimal processing seismic data of the global seismic antenna (T = 8 

hours), seven signals were detected with  the  confidence probability Pconf=1-α>0.97[9]. These 

signals describe the relative motion of the points   of seismic stations placement on different 

continents of the Earth.  

These signals lie in planes perpendicular to the direction on certain points of the celestial 

sphere, have elliptical polarization, the degree of polarization of >90%[9]. These signals 

МorresponНТnР аave НesМrТbes tСe relatТve motТon (≈10-15m) different points of  the Earth  distances 

of several thousand kilometers (4,000 to 11,000 km), the theoretical justification of the possibility 

of registering such levels found in [9,10]. 

 They cause deformation (strain) of h≈10-21, wave propagation velocity  vs> 1.7∙108m/s [9]. 

Next, we consider estimates of E(f,p) on the 4-hour fragments (T = 4 hours). 

Averaging the values of the energies at a frequency  f in space, we estimate the energy 

received by the antenna at a given frequency  0

1
( , ) ( , )

32averE f t E f  p
p

 on the fragment [t0, t0+T]. 

Estimating  the energy on  time fragments  ( shift =1 hour) ,   you can get a  diagram of 

spectral-tТme analвsТs , 0 ≤t0≤ 90 hours ,frequency step df=40/4096 Hz(Fig. 2). They vary in the 

ranРe from 1∙10-27 (m/s)2 to γη∙10-27 (m/s)2. 
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Fig. 2.The average  energies EPSP Eaver(f, t0)  for    0000 27.02.2009-1800 2.03.2009.  

Bandwidth [5.86.4 Hz].  

It is also possible to estimate the average spectrum of energy for 90 hours observation: 
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      Eav(f) – the average energies EPSP in time and space. 

Analyzing the Figure 2, one can observe a well-defined signal within 90 hours (≈ζ НaвsΨ 

in the band from 5.99 to 6.05 Hz with a center frequency f0 = 6.023 Hz. 

 

Confidence probability of detection 

Assessing the significance level (the error of the 1st kind), it is possible to confirm the 

hypothesis that the fact that the ejection of energy at the frequency f0 = 6.023 Hz is not random. 

Spectrum Eav(f) (Fig. 3) is the result of averaging 90 energy spectra (including strictly 
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therefore we can assume that Eav(f) is distributed in almost normal law at each frequency. 

Еaver, (m/s)**2

  hour
fr

e
q
u
e
n
c
y
,H

z

 

 

0 10 20 30 40 50 60 70 80 90

5.8

5.9

6

6.1

6.2

6.3

0

0.5

1

1.5

2

2.5

3

x 10
-26



Proceedings of International Conference PIRT-2015 

350 

 

 

Fig. 3. The average energies EPSP in time and space for 90 hours. 

 

Using the values of Eav(f) (Fig. 3)  at the frequencies of the left and right of the band  

[5.99  6.05 Hz], we can estimate the mathematical value of M(EavΨ ≈1.β∙10-27 (m/s)2,  

 rms  σEav satisfies: 0.2(m/s)2≤σ Eav∙1027≤0.ζλ(m/sΨ2. 

The amplitude of the  ejection of  A(f0Ψ ≈κ ∙10-27 (m/s)2 and  SNR = Δ(f0)/σEav ≥1β.κ, 

where Δ(f0) = A(f0) – M(Eav). 

The error of the 1-st  kind : 

 

α ≤ P(ξ>12.8), 

 

where ȟ = N (0,1) – normally distributed random 

variable. The value α is close to zero, the confidence level detection signal Pconf = 1-α is 

close to 1. 

 

Threshold GSA 

The minimum values Eav(f )(fig.3)  determine threshold of GSA at frequencies close to 6 

Hz: 

-  DEPSP ≈10-27 (m/s)2 with respect to energy; 

- VEPSP ≈0.γ∙10-13 m/s  with respect to speed; 

-  aEPSP ≈0.κ∙10-15m  with respect to displacement. 

The amplitude of the velocity and displacement are related by: Adispl= Av/(βπ∙f).  
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The average amplitude of detected signals 

The average energy of the detected signal at a frequency f = 6.023 Hz for 90 hours is  

≈0.κ∙10-26 (m/s)2 (FТРure γΨ, МorresponНТnР to tСe veloМТtв ≈  0.λ ∙ 10-13m/s and the corresponding 

displacement:  

 

Asignal detect ≈0.λ∙10-13 m/s /(βπ∙fΨ=β.η∙10-15 m.                             (7) 

 

Thus, it is experimentally confirmed (7) that using the optimal data of global seismic 

antenna НeteМteН relatТve motТon (≈10-15m) different points of the Earth. 

 

3. Sources of periodic gravitational radiation 

The sources of these harmonic signals naturally associated with pulsars. Figure 2 shows a 

plot of the signal of the radio emission of pulsar PSR 1919 + 21. It follows from the stability of 

the pulsar period, but this property does not apply to the form of these signals. The spectrum of 

temporary fragment (Figure 4) is shown in Figure 5. 

 

Fig.4. Signals of radio emission PSR 1919 + 21 at a frequency of 72.7 MHz [18]. 

 

Pulsar period (P was equal to 1.33730113 s ) at the time of its opening. 

 

 

Fig.5. The spectrum of radio emission signals PSR 1919 + 21. 
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The apparent frequency (Figure 4) of these signals fvisual= 1/T=1/1.33730113= 0.747 Hz. 

The center frequency fcent=0.77Hz significantly differs from the apparent frequency, shift     

Δ f ≈0.0βγ Hz tСat Тs ≈γ% of tСe Мenter frequency: %3
|| 

cent

centvisul

f

ff
. 

Instability waveforms radio emission is observed for many pulsars [18,19] so we can 

assume that the radio emission of pulsars observed arbitrary property: center frequency can differ 

by a few percent of the visible frequency specified in the catalogs of pulsars. 

Gravitational wave radiation (GWR) of the pulsar is determined by the quadrupole moment 

of the source. Given a priori ignorance of the quadrupole moment, we can assume that the 

complexity of gravitational radiation is similar to the complexity of pulsar radio emission. 

Consequently, the emission spectrum of GWR is the convolution of the spectra of the modulating 

function and some of the original signal and this spectrum of   GWR expands and "floats"  near 

the center frequency. Most of the signal energy is concentrated in band Δfpulsar ≈0.0γ Hz. 

 

4. Characteristics of the detected signals 

Local deformation caused by signal type (2) can be estimated: 
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Using (3) and (4) can be obtained on frequency signal f0: 
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The relative change in the distance between stations is 

 

∆Li,j≈max|s(r i,t) – s(r j,t)|, i,j – station numbers. 

 

If it  is unknown  the phase  shift between the stations, in the worst case ΔLi,j is less 

than double the amplitude of the recorded signal. 

Deformation (curvature) of space can be estimated by the change in the distance 

between any stations on the network, for example between stations ZALV  and   TXAR 
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where LZALV-TXAR= 9498 km. 

Given the expression (5), local deformation (strain) for  f = 6.023 Hz  can be estimated: 
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From a comparison of the two estimates deformation Dgl, Dloc it is follows that the velocity 

of gravitational waves and the speed of light are of equal order. 

The estimation of the propagation speed of the GW-wave can be obtained using the 

relation: 

/
grav v gl

v s D
, 

13 22 80.9 10 /5.26 10 1.7 10   m / .
grav

v s        

 

In the following will be given direct methods estimate the speed of gravitational waves 

with better accuracy. 

The pulsar J0λζη-ζκγγ Тs the most probable source of detected GW-signals, on 

gravitational radiation  expended about İ ≈10-5 on the total energy of the pulsar. 

 

Conclusion 

АТtС optТmal proМessТnР of Рlobal seТsmТМ antenna, relatТve motТons (≈10-15m) different 

points of the Earth were detected , corresponding signals lie in planes perpendicular to the 

direction of the radiation source, have a high degree of elliptical polarization. 

Detection of signals for a long time (90 hours) confirms the fact of registration of the 

GW-wave in the frequency band near of  6.023 Hz. 
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Confidence probability of detection of gravitational-wave is close to 1. 

Characteristics of  detected signals (amplitude, center frequency)  vary in time, i.e.  

GW-signal is quasi-harmonic signal with a smoothly varying parameters. The source of 

these GW-signals (GW-wave)  is periodic (generally quasi-periodic), which is typical for 

pulsars. 

Verified that they cause deformation (curvature) of the order of 10-21. 

The propagation speed of the GW-wave Vgrav> 1.7 * 108 m /s. 

The pulsar J0λζη-ζκγγ Тs the most probable source of detected GW-signals, on 

gravitational radiation  expended about İ ≈10-5 on the total energy of the pulsar. 
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Appendix A 

Earth as a gravitational wave detector 

A gravitational wave causes a deformation of the bodies, the deformation is very typical of 

the type. The simplest type - this periodic compression and expansion of the body in two opposite 

directions. 

The intensity of gravitational waves is relative to the distortion of the body, so the more 

the body itself, the greater will be the absolute value of the deformation. You can measure the local 

variations of the earth's surface and at the disposal of researchers for a long time, there are devices 

that detect such fluctuations - seismometers. 

 

 

 

 

 

 

Fig.A1.  The deformation of the Earth during the passage of a gravitational wave. 
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Earth must be deformed into an ellipsoid in the field of gravitational radiation, extended 

perpendicular to the direction of the incoming wave. 

VТbratТons of tСe eartС's surfaМe at С≈10-21 will be several femtometrov(10-15ɦ) . 

Appendix B 

 

The Association of pulsars 

The frequency of  gravitational waves twice the angular speed,  Ȧpul =β∙Ȧr. 

The energy of a full rotation of the pulsar:  
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where     J- moment of inertia about the axis of rotation; 

 fr – rotation frequency of   pulsar ; 

           fpul – frequency of GW-radiation. 

Maximum energy emitted per unit frequency interval, in the form of gravitational radiation 

[1]: 

4

pul
JdE

d


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The spectral energy density of the gravitational-wave radiation (upper bound) at a distance 

rpul [1]: 
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For a signal from the pulsar registered must be respected [1]: 

 

max
( ) ( , )

GW pul pul pul
r   .                                           (B.3) 

 

This is a necessary condition for registration GW-radiation from the real source is a simple 

test for the accuracy of detection. 
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The amount of energy transferred by GV-waves per unit frequency interval and per unit 

area (the analogue of the equation (37.31) [2]): 

 

2
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If the source is periodic (for example, if A+(t)=h+(t)= h0sТn(Ȧ0t) ,hɯ=0, Ȧ0 – frequency of 

gravitational radiation), the spectral energy density of the gravitational-wave radiation this source 

takes the form: 

2 2

0 0

0
( )

32

h 
  .                                                            (B.5) 

 

Using (5), the spectral energy density of gravitational-wave radiation can be represented 

as: 

2

0 0

0 0 0 0

( , )
( ) ( ) , 2 .

32GW

c E f
f

G

      p
                                   (B.6) 

 

The energy value of the detected signal at the frequency f = 6.023 Hz: 

 

)( 0GW  =5*10-4 erg / (cm2 ∙ HzΨ. 

 

Association of pulsars  carried by radiation frequency and the position of the registered 

source on the celestial sphere.  

With the source of gravitational-wave radiation near the frequency  f0 = 6.023 Hz can be 

association three pulsars (Table B1) [3,4].                                                                                     

Table B1 

Pulsar δpМ , kpМ fr ,Hz Ф
maб

(ω
 pul

,r
ul

Ψ ,erg / (cm2 ∙ Hz). 

ψ1κ00-β7 γ.θ β.λλ γθ.ζ 

J10ζθ+0γ0ζ  β.βη γ.0θ λη.γ  

 J0λζη-ζκγγ     β.71  γ.01θ  θζ.7  
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For these pulsars 5
max0 10),(/)(  pulpulGW r ,that is expended on gravitational 

raНТatТon about İ ≈ 10-5 on the total energy of the pulsar . 

The most probable source is the pulsar J0λζη-ζκγγ.   
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