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Abstract  

Careful analyses of long-time records from pendulum instruments at TPSO, have resulted in surprising 

results.  The observation of new features of gravitational influence on our planet by the Moon and Sun--

became possible only because of a decision to depart from previous methods of numerical analysis. 

Background 

Previous spectral calculations had relied on Microsoft’s Excel ‘Fourier Analysis tool’.  It is a tool that 

functions specifically on the basis of the ‘fast Fourier transform’ (FFT) that was invented by 

mathematicians Cooley and Tukey.  It requires that a digitized time series comply (length-wise) with the 

relationship N = 2n , where n is an integer; and N is the total number of points to be transformed by 

numerical means.  The largest exponent that can be accommodated by Excel is that of n =12.  This 

means that the largest record that can be treated by Excel is N = 4096 values (FFT-points).  

 It is hoped that readers will be able to see, in what follows—why we would never have been able to see 

what is being here reported—except by changing our ‘modus operandus’—by departing from Excel and 

resorting to the use of Wolfram’s Mathematica for doing spectral calculations (because the latter is not 

limited by file size that is too small to reveal the spectral structures reported in this article).   

Constraints: 

The very first thing to note as being altogether critical as a prerequisite to our discovery—is the 

following:   

It is impossible to observe what we have been seeing—through use of the ‘conventional standard’ of 

seismology, that is ‘velocity sensing’.   The instruments we have employed all utilize what we call the 

Peters-Daine Pendulum (PDP).  SAA member Eric Daine has been-- and continues to be a critical part of 

technology development efforts such as part of this article.  Eric’s close working relationship with 

Professor Emeritus of Physics Peters (who retired from Mercer University, Macon, Georgia USA in 2012) 

-- began years ago, when Eric was the chief electronics expert of the School of Engineering at Mercer.  

Some historic examples of research that was part of that relationship are to be found at the following 

webpage, that is maintained by Eric as creator and webmaster --  symcdc.com                                          

The URL letters stand for ‘symmetric capacitive to digital converter’—words taken from patents with 

Peters’ name, that included the world’s first fully differential capacitive sensor type, the LRDCT.  Other 

fully differential capacitive types are increasingly common, following the start of the 21st century, 

especially as part of MEMS devices.  

The key to better understanding of any system, by means of frequency-domain considerations—involves 

spectral ‘resolution’.  To observe various ‘lines’ of tidal type by an instrument responding to motions of 



the ‘solid’ Earth-- requires first of all (for purpose of what we’ve been doing)—a record that is 

continuous in time for at least a month’s duration.   Second-of-all, any instrument with which to see 

tidal periods of near 12 and 24 hours—must have a ‘corner period’ approaching 86,400 seconds.  At 

these enormously longer (than usually measured) periods , the response of the PDP instrument -- is one 

of ‘acceleration’ response having converted to ‘tilt’ response (just another ‘form of acceleration’).  For 

an understanding of the physics of this change, the reader is referred to the Bulletin of the Seismological 

Society of America (invited) publication by Peters (2009), titled “Tutorial on Gravitational Pendulum 

Theory Applied to Seismic Sensing of Translation and Rotation”  

A little physics: 

Consider the matter of any ‘fine structure’ (multiple ‘lines’) that might be present in spectra—that could 

derive from ‘symmetry breaking’ (part of the real, as opposed to the idealized world that theorists love 

to work with, because modeling them is infinitely simpler).  To observe ‘line-splitting’ (the kind of 

physics that is historic, for example with the Zeeman effect)—one has to take into consideration more 

than just the length of the record.  He must also consider the sample rate with which that record was 

acquired using an analog to digital converter.  We won’t here discuss the intricacies of the associated 

Nyquist frequency; just simply state that FFT-points are separated from each other (nearest neighbor 

separation distance in Hz, for large N) according to delta f = sample rate in Hz divided by N.  For our 

purpose, the graphs shown later-- in terms of period that is the reciprocal of frequency—the FFT-points 

are not a ‘comb’ of equi-spaced frequency points joined with a line-curve.  Rather, the longer the period 

one wants to observe, the farther apart the points get from each other as the period increases.  This is 

easily understood from calculus, but that is not being shown here.  Hopefully one can understand from 

what has been said so far—that there is a pretty good reason for us to have maybe been the first to see 

what is being reported.  We can’t find any evidence from online searches—that anybody has seen the 

same thing before us.  

Focus of our Study: 

From the time of Lord Kelvin there has been an understanding of the tides of oceanic type.  Thereafter, 

there was a ‘beginning’ of means with which to explain the solid Earth tides, as the result of Kelvin 

working at the University of Glasgow, Scotland with George Darwin, son of the famous evolutionist 

Charles.  They made many discoveries concerned with the gravitational influence of the Moon and the 

Sun on even the solid Earth.  But the approach was limited for reason of what they used—a primitive 

pendulum swinging from one of the door frames of the physics building. 

Kelvin and Darwin certainly didn’t write the ‘final chapter’ on physics of the tides; even though a 

significant number of individuals in the present world seem to think so.  They still rely on the ‘potential 

theory’ method (hall-mark of boundary-value physics) that was pioneered more than a century ago; and 

which is incapable of explaining what we have observed and is described as follows: 

Spectral doublets and even double-doublets: 

The world of geoscience recognizes very well what was both predicted and measured by Kelvin & 

Darwin—that the semi-diurnal tide period is 12.4 hrs and due to the Moon’s greater gravitational 

influence on Earth, than that of the Sun.  It happens because the tidal force (in a point-mass-source two-

body interaction sense) is proportional to the first power of the mass of the perturbing body, but 



inversely proportional to its distance away raised to the third power.  The inverse cubic dependence-- 

means that the Moon—though incredibly less massive than the Sun—is more significant to the tides 

than is the Sun, because it is so much closer to us. 

The Moon’s contribution being 12.4 hrs rather than 12.0 hrs is the result of its easterly orbit around the 

Earth, in the same way our planet rotates.  The Sun, being from our perspective nearly stationary—

provides a semi-diurnal contribution to the tides that is 12.0 hrs.  Past experiments are evidently ones in 

which there have been constraints of type mentioned above; in which separation of the 12.4 of the 

Moon and the 12.0 of the Sun was not readily discernible, due to insufficient spectral resolution. 

What we are reporting, starting with Figure 1—is a solid first-piece of evidence for our conclusion that 

the Earth does not exist in the form of a geoid that is of largely static shape, in the form of an oblate 

spheroid -- that bulges nicely in the manner of assumptions used by gravitational potential theory. 

Conventional wisdom evidently believes that the line-width of a semi-diurnal tide component is always 

too ‘broad’ to allow visibility of the component that is known to exist from the Sun; which contributes 

with a period of 12.0 hrs.  If it has actually been noted in the manner reported here, we cannot find 

online evidence of such an observation. 

 

 

Figure 1. Semi-diurnal tidal spectral ‘pairs’, in the form of a ‘double-doublet’.  Each of the E-W record 

and the N-S record from a two-channel PDP instrument, shows both Solar influence at 12.0 hrs  and  

lunar influence at 12.4 hrs. 

The most remarkable feature of Fig. 1 is the following.  One would expect, on the basis of conventional 

wisdom—that the solar contributor at 12.0 hrs should always be, for every situation—smaller than the 

lunar contribution, for reason of the two-body (point-mass-objects) theoretical description of the tide 

force mentioned earlier.  But notice that for the N-S case (red curve), the solar part is larger than the 

lunar part ! (Conventional wisdom has also been one to believe that there should not be 4 curves to 

begin with, only a single broad line with period (at peak of the line) showing up near 12.4 hrs).  



Mode Switching: 

Even more startling than what is revealed from Fig. 1 has been the observation of the truly remarkable 

behavior of our planet that is observed in Fig. 2. 

 

 

 

 

Figure 2.  Notice that in the time interval from February to September of 2017, the E-W channel data 

has been transformed:  Going from that of dominant Lunar influence to one of slight dominant Solar 

influence in the nature of the double-doublets.    

Advantage of longer records: 



Figure 3, based on analyses that were performed on records of 169-days duration—shows how the 

doublets are to be observed more readily, as record length is increased (assuming no limitation of 

coherence length in the ‘oscillation’ being studied). 

 

Figure 3.  Illustration of the advantage of using records of several months duration.  The right-side graph 

is the spectral type that was created by Peters for seismology purposes, called the Cumulative Spectral 

Power (CSP).   

The CSP is obtained by integrating over the Power Spectral Density (PSD).  Note specifically the units of 

the ordinates of these two plots (based in ‘true’ power, according to the physics definition of power in 

terms of the ‘system international’ standard of watts).  

Additional unexpected order: 

When used in conjunction with the PSD, the CSP is especially useful in discovering system ‘order’ that is 

not readily recognized by using just one of the two frequency-domain tools.   

To better appreciate the difference between the PSD and the CSP, note that ‘lines’ of PSD type turn into 

‘steps’ of CSP type.  The sharper the step, the smaller the half-width of the line with which it is 

associated.  

Shown in Figure 4 is the full-record CSP, from which the smaller range information of Fig. 3 was taken.  

The faint gridlines draw attention to the fact that it is plotted with a Log-Log-scale—so that the ordinate 

units are different. 

          



          

           

           

           

           

           

           

           

           

           

           

           

           

           

           

Figure 4. Illustration of remarkable additional order in the tidal force influence on the Earth. 

Notice that the EW and NS channels diverge up until 0.1 day.  At that value of the period there is a trend 

reversal—what had been divergence, turns into convergence.  At the semi-diurnal period (the two 

‘step’- values shown in the right-side plot of Fig. 3) there are discontinuities in each channel.  

Remarkably, the NS curve tracks what would have been that of the EW curve had it not experienced the 

step changes.   

Equally surprising is how the EW and NS Cumulative Spectral Powers are nearly coincident (showing 

small ‘oscillatory’ deviations ‘around’ each other) in the period range from about 6 days to 50 days.  

 

Resolution limitations 

Shown in Fig. 5 are results of spectral analysis on a 10-day segment of the 169-day record.  For the plots 

of the upper part of the figure, down-sampling by a factor of 7 was employed, using the Excel index 



function-- to yield an effective data acquisition rate of 1 sample per 210-s.  It can be seen that at this 

much slower rate the doublet containing both 12.0 hrs and 12.4 hrs cannot be resolved.  Contrariwise, 

at 1 sample per 30-s (the lower part of the figure) the small solar component has begun to become 

visible.    

 

 

Figure 5.  This figure illustrates quantitatively how the solar contribution to the tidal force, with period 

12.0 hrs—can easily be missed due to resolution limitations.  

Conclusion: 

These results are not unique to data collected from TPSO.  Doublets have also been seen after a 

careful analysis of historic records that were graciously given to us by a scientist affiliated with a well- 

known, long-term European observatory.  The details of that analysis remain to be published.  Two 

different places on Earth-- seen with two different seismographic types—show clearly that the Earth is 



far too complex—to be understood on the basis of existing theoretical methods with which crustal tide 

estimates are performed.   

 

 


