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Temporal variations of gravity are an important tool for the investigation of 
geodynamic processes in different scales both in spaoe and in time. More than eight 
vears of continuous registrations of grav�ty variations performed at the Geodynamic 
Observatory Potsdam of the Central Institute for Physics of the Earth of the Academy 
of Sciences of the GDR were available both for the study of the whole tidal spectrum 

inciuding the small constituents in the region of the diurnal resonance phenomenon 
and for the derivation of the parameters of the main tidal waves and its temporal 
characteristics and for special studies of the behaviour and the quality of the in­
strwnentation. First irnpressions on the possible temporal variations of some tidal 
parameters could be obtained. 

To get an idea on the possibilities for the determination of zonal tides and gra­
vity variations with longer periods a detailed investigation was undertaken to find 
out the most reliable parameters for the fortnightly tide of the moon. By these stu­
dies clearly could be shown that the irregular parts in the instrumental (4-ift of the 
ITT"avimeter limit the possibilities for the detection of real gravity variations below 
an amplitude of about ten microgals and with periods longer than a few weeks. The in­
fluence of non-tidal processes is disturbin� the zonal tidal variations too and re­
quired special investigations. 

The stimulating support by the Director of the Central Institute for Physios of 
the Earth, Prof. Dr. habil. H. Kautzleben, and the helpful cooperation with the 
Computing Centre of the Centräl Institute for Astrophysics of the Ac�demy of Scien­
ces of the GDR are kindly acknowledged by the authors. 
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Results of an eight years gravimetric earth·tide registration series at Potsdam 

by 

HANS-JURGEN DITTFELD 

Zu s a m m e n f a s s u n g

Eine gravimetrische Gezeitenmessung von März 1974 bis Februar 1982 mit dem Askania­
Gravimeter GS 15 Nr. 222 lieferte 63 341 stilndliche Meßwerte in 13 DatenblBcken. Zur 
Identifikation und Verbesserung von Fehlmessungen diente eine spezielle Methode, die 
auf dem Vergleich der Meßwerte mit denen einer synthetischen Gezeitenkurve beruht. 
Von insgesamt 45 Wellengruppen werden Gezeitenparameter mitgeteilt, deren Fehler nach 
CHOJNICKI aus dem Spektrum der Residuen nach der harmonischen Analyse berechnet wur­
den. Die Fehler filr die Amplitudenfaktoren der Hauptwellen liegen bei+ 0.0002 bis 
+ o.oooa; die der zugehBrigen Phasen zwischen+ 0.01° und+ 0.04°. Der-Fehler des ein-
;elnen Meßwertes beträgt± o.66 f1Gal = ± 6.6-nm s-2• 

-

Die abschließenden Resultate der Langzeitmessung werden mit entsprechenden Werten 
anderer Stationen verglichen, insbesondere im tagesperiodischen Teil des Gezeitenspek­
trwns, wo der Resonanzeffekt des flUssigen Erdkerns die Amplituden beeinflußt. Glei­
tend verschobene Teilanalysen des Beobachtungsmaterials liefern zeitliche Variationen 
der Ergebnisparameter, unter anderem eine auffällige Korrelation der Amplitude der 
Hauptwelle 01 mit der Tageslänge. 

S u m m a r y 

Digital Earth tide records were carried out between March 1974 and February 1982 at 
the Gravimetrie Observatory Potsdam using the Askania gravimeter -GS 15 No. 222. Alto­
gether 6J 341 hourly readings subdivided in 13 data blocke were analyzed after the eli­
mination of misreadings by comparison of measured values and predicted ones generated 
by the synthesis of the tidal effect using the measured parameters. 

The inner accuracy of the main tidal amplitude factors amounts to + 0.0002 ••• 
± o.oooa, those of the phases to ± 0�01 ••• ± 0�04, calculated by the aid of CHOJ­
NICKI's harmonic analysis containing the error estimation based on the spectrum of the 
residuale. The yielded mean square error was m

0 
= ± 0.66 microgal. 

The final result is compared with the mean values at other stations especially in the 
diurnal-part of the tidal speotrum, where the resonance of the liquid outer core ·of the 
Earth influences the results. The temporal variations of the tidal parameters were de­
termined by overlapping partial analyses. Each of them contained more than 10 000 rea­
dings and they succeded one another in steps of about 90 deys. The results were oom-
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pered with those of corresponding analyses of the series of two other Earth tide sta­

tions. 

1 • The measurement 

The Askania gravimeter GS 15 No. 222 was installed on a special pillar in a cellar 
room of the main building of the Central Earth Physios Institute of the Academy of 
Soiences of the GDR in Potsdam. The room was air-conditioned and the temperature was­

kept oonstant to about ± 0.1 K, except during the ver:, rare oontrol measurements. No 
seasonal variations of the temperature were observed but the air-humidi ty have had 
fluctuations between 30% and 70%. All the registration devices were situated in another 
room and a1so the calibrations of the registration were done by remote control without 
entering the gravimeter room. 

The RC-filtered output ( ?:' = 18,778 sec.) was measured by means of a digital volt­
meter wi th a scale value of about 

0.0289 microgal/digit. •> 

Triggered by the atomic clock of the time servioe of the institute, fourdigit readings 
are punched every five seoonds during the last three minuts of every hour. The hourly 
values for the fUrther processing are calculated from the 36 single readings by the aid 
of a smoothing parabola with errors almost smaller than ± 0.1 miorogal. For a direct 
control of the measurement, an analogous recorder was oonnected parallel to the digital 
voltmeter. 

From March 20, 1974 until February 15, 1982 there were only 12 interruptions of the 
registration, the longest one for 180 days because of joint measurements with other 
gravimeters at Pecny station/CSSR and for 30 deys because of special registrations in 
the laboratory. 

Calibrations of the recordlig were carried out three times a month in the first 
years but later on monthly. Therefore the electromagnetio calibration device in the 
gravimeters was used. Its transforming ooefficient of 

k = (0.42335 ± o.00078) microgal/microampere 
was defined by comparison of the results of 39 spindulum calibrations with those of 
the simultaneous electromagnetic calibrations. The soale of the measuring screw of 
the gravimeter is known from measurements at the Czechoslovakian National Gravimetrie 
Calibration Base in 1975 .f"7_7. Because the error of these field calibrations is 
± 0.03 % only the relative error mk / k = 1.04 . 10-3 is mainly limiting the
absolute accuracy of the final results. 

The drift of the zero position of the gravimeter beam was about +·16.53 milligal 
during the total measuring period corresponding to an average of 5.5 microgal per dey. 
But there have been parts of negative drift occurring in every winter during the mini­
mum of the air humidi ty at the station. So the drift mq be described by a polynom and 
a number of waves the biggest one of which shows a yearly period ,f"4_7. 

•) 1 microgal = 10-8 m .  sec-2

y 
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2. Data prooessing

Ai'ter elimination of the usual zero displacements caused by the drift the measured 
values were transformed to microgals using linear interpolated scale values between 
consecutive calibrations. So the occurring random variations of the scale of the re­
gistration are almost included in the errors of the tidal parameters calculated later 
on. 

Differences were calculated between the measurement and the corresponding values 
of an Earth tide synthesis which was generated using the results (amplitude factors 
and phases) of former analyses. The curve of these differences contains the drift and 

all the non-tidal effects registrated yet. By the aid of these residual curves ('Rest­
kurven') the misreadings, caused for instance by earthquakes, electric disturbances 
or calibrations, may successfully be detected and oorrected with an accuracy of better 
than 0.5 microgal. The Restkurve is useful also for the interpolation of interruptions 
of the registration up to several hours. 

Finally the corrected series was analyzed by CH0JNICKI's programme A15H where the 
drift is eliminated by the PERTZEV filtration or by the zero point method in the case 
of analyses wi th lo_ngperiodic tidal waves. The error estimation in this programme 
basing on the spectrum of the residuale after the harmonic analysis yields to about 
the same error values like VENEDIK0V's M74-programme,f""8_7 and may be regarded equi­

valent. For the registration of the GS 15 No. 222 the errors of the main diurnal para­
meters were calculated about 2.25 times bigger than by the former 'classical' pro­
gramme of CH0JNICKI, but the errors of the semidiurnal parameters are nearly the same 
because of the very small semidiurnal noise. 

J. Analysis results

The ·rinal result for 45 wave groups is given in tables I and II. The additional co­
lwnn entitled 'corr.' contains the phases corrected because of the instrumental phase 
lag: 

C = arctan c.>"&' + 

"C = 18.778 sec. 

360° + .At 
T 

(A) - frequency of the tidal waves 
T - period of.the tidal waves 

.At = 18 sec., additional time shift not regarded during processing. 

Averaged tidal parameters are orten used for the calculation of tidal prognoses via 
a synthesis of the whole effect applying measured values for the different frequency 
bands. Weighted mean results for Potsdam are listed in table III. The weights were de­
termined by the errors of the analysis on the one hand or by the amplitudes of the 
wave groups on the other. S1 parameters are not regarded in these mean values because 
of the big meteorologic influence. As tobe seen it is inopportune in every case be­
cause of the increasing error to gather diurnal and semidiurnal parameters as a mean 
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Table I Final analysis result of the eight years tidal registration at Potsdam 
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value for tidal calculations. 

Table III. Mean tidal parameters 1974-1982 

GS 15 No. 222 digital, Station Potsdam 

diurnal 
waves 

semidiurnal 
waves 

diurnal and 
semidiurnal 
waves 

N 

19 

13 

32 

pNm-2 

cf 
'oto 

1.1443 + 0.17
± .0015 ± .03 

1. 1846 + 1.05
± .0007 + .11

1 .1712 + 0.60
:!: .0035 ± .09 

ptv A2 

ö ae
o 

1.1446 + 0.13
:!: .0015 :!: .03 

1 • 1844 + 1.07
± .0010 ± .11 

1.1533 + 0.34
:!: .0031 ± .00 

longperiodic 
waves 

11 1. 2232 - 0.33 1.2450 - 0.21
± .0237 ± • 10 ± .0198 + .23

N - number of averaged wave groups 

The fully corrected main tidal parameters are given at table IV. Here the orienta­
tion towards the ellipsoid-normal (SKALSKI), the inertial correction (PARISKIJ) and 
the indirect effeot of the oceans (PERTZEV) as published in J:2_7 are included for the 
first two colunms. 

Table IV. Corrected main tidal parameters at Potsdam 

analysis programme CH0JNICKI, A15H DUCARME 

indirect effect PERTZEV SCHWIDERSKI 

Wave cf ·ae.· ö 
c)(o 

01 1.1502 - 0.04 1.1565 - 0.00
± .0004 + .02 ± .0005 ± .03 

P1 1.1473 + 0.21
± .0009 ± .05 

K1 1.1416 + 0.07 1 .1379 + 0.01
± .0003 ± .01 :!: .0003 + .02

N2 1.1588 + 0.05
± .0010 ± .05 

M2 1.15ao + 0.42 1.1566 - 0.20
± .0002 ± .01 :!: .0002 + .01

S2 1 • 1641 + 0.70 1.1633 - 0.06
:t .0004 + .05 ± .0004 + .02 
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Furthermore the corresponding values are listed, calculated at the ICET/Brussels by 
DUCARME's programme and corrected because of the ocean loading on the base of SCHWI­
DERSKI'e investigations {column 3 and 4). There are significant deviations between the 
correctione but the coincidence of the corrected Ö01 and OM2 is remarkable for 
both the results. lt is a eign for a significant residual component in M2 that the 
most accurate measured phase lag of this wave {1�20 ± 0�01) does not reach zero with 
the different corrections. 

4. Results concerninp; the resonance of the liquid outer core

Accurate tidal results may be discussed with respect to the influence of the reso­
nance of the liquid outer core of the Earth on the diurnal spectrum of the tidal 
waves. But the accuracy of the amplitude factors is not yet sufficient for all the 
small constituents of the tidal potential to decide between different Earth models. 
Therefore we have to use very long series or a big quantity of results. 

On figure 1 the result of the Potsdam series is compared with the Molodenski II 
model and with the corresponding results of other stations in Europe which are nor­
malized on 001 to avoid calibration problems. Firstly, for this purpose the weighted 
means of 14 results obtained at West European stations are used each with an obser­
vational series of more than one year f:1;3;6J. Secondly, there are marked the 
corresponding results of a global analysis of 16 series at several stations of the 
CAPG, altogether 74 016 hourly readings t:2,(p. 32 and 36)_7. Except of the different 
accuracy of these results they mostly agree in the frame of the error bare with the 
Potsdam result. For the majority of the results the biggest deviations against the 
model are occuring in the case of fP 1 and the best fi tting is reached for K1 if the 
correotion of the indirect effect of the oceans is applied. For a better clearness a 
selection of the parameters demonstrated o� figure 1 is listed in tablea Va and Vb. 

Table Va. Results concerning the resonance of the liquid outer core with oorrections 
of the indirect effeot 

Model Potsdam global analysis oorreotion 
Mo II 1974/82 East-Europe 

ßt 0.9954 0.9920 SCHWIDERSKI 
± .0009 

ffi 0.9823 0.9857 0.9074 PERTZEV 
± .0004 :!: .0010 

cfK1 0.9823 0.9839 SCHWIDERSKI 
101' :!: .0005 

001 1.1638 1.1582 1.1605 PERTZEV 
:!: .0004 :!: .0010 

d'01 1. 1638 1.1565 SCHWIDERSKI 
± .0005 

o01-dK1 0.0206 0.0165 0.0146 PERTZEV 
:!: .0005 . :!: .0012 

cf01-cSK1 0.0206 0.0106 _,._ SCHWIDERSKI 
± .0006 
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Table Vb. Amplitude factors divided by 601 as pictured at figure 1 

\Vave- � Model weighted mean Potsdam global analysis
group 'z'.'.h Mo II West-Europe 1974/82 East-Europe 

Q1 13.399 1.00017 0.9963 0.9992 0.9920 
± .0007 ± .0020 ± .0050 

M1 14.497 0.99948 0.9947 0.9857 0.9995 
± .0024 ± .0037 ±. .0082 

1i1 14,918 0.99673 1 ,0049 1.0137 0,9955 
± .0091 ± .0117 :!: .0271 

P1 14.959 0.99536 0.9943 0.9985 0.9953, 
:!: .0020 ± .0008 ± ,0018 

K1 15.041 0.90230 0.9094 0.9892 0.9897 
± .0002 ± .0004 ± .0011 

"f 1 15,082 1.06934 1,0467 1.0503 1.2193 
± .0258 '± .0290 ± .0670 

S,1 15.123 1,01246 1.0190 1.0599 1.0634 
± .0134 ± ,0158 ± .0349 

001 16.139 1.00103 1.0072 1.0027 1.0075 
± .0034 ± .0114 ± .0220 

cfo1 13.943 1.1638 1.1501 1.1521 1.1534 
obs. ± .0018 ± .0004 ± .0010 

(cf01- 0.0206 0.0123 0.0124 0.0119 
-JK1) :!: .0003 ± .0005 ± .0012 

obs.

lt seems to be fact that significant contributions for the diecussion of different 
models may be obtainable at present from the big waves 01 , P1 and K1 only. But 
here also significant deviatione ageinet the model appear in the case of the unnorma­
lized valuee of cfo1 and n· = cf01 - oK1. Using SCHWIDERSKis corrections it must be 
noticed, that D is nearer to the model, but the deviation of 001 itself against 
the model becomes about 0.2% bigger than in the caee if PERTZEVs correction is app­
lied. Both the corrections do not lead exactly to the model valuee. The comparable 
good agreement of cl'"f1/c/01 at Potsdam eeems to be accidental with respect to the 
error. Becauee of the fact that the better ac-0ordance with the model ie preponderantly 
observed in eastern Europe we may conclude that an improved knowledge of the indirect 
effect would lead to a further progress in the diecueeion of the resonance. 

5. Temporal variations of the results

The application of overlapping gliding harmonic analyses with a shift of about 90
days using CHOJNICKie programme A15H leads to significant temporal variatione of the 
calculated parameters at Potsdam. This is also valid for the main waves and especially 
for the parameters characterizing the resonance of the linuid core. The partial analy­
ses are processed each with rnore than 10 000 hourly readings, the final error of an 

DOI: https://doi.org/10.2312/zipe.1985.071



12 

ordinate was below ± 0.7 microgal in every case and a resolution of 19 wave groups was 
ohosen for this oalculations. 

The temporal variations of the most signif�oant amplitude factors are compared with 
the length of the d� C9J on figure 2. Remarkable is the big variation of d"01 bet­
ween May 1979 and 0ctober 1980 which is surely not caused by an alteration of the cali­
bration constants as to be seen from the stability of OM2. d01 is increasing + 0.0054 
or 0.47% during this period and mostly at'fecting the parameter of resonance D = &01 - &K1 
which is increasing when the yearly mean of the length of the d� is decreasing. Outside 
this period D is mainly at'fected by ÖK1 and no clear correlation is visible to the 
length of the d�. 

The correlation between parameters characterizing the resonance of the liquid outer 
core and the length of the day is already mentioned by LEC0LAZET C5_7 but using the 
Ö-factors divided by 001. Considering the trend of 001 these normalization is not 
suitable for the Potsdam results because the variation of d'01 will affect the trend 
of all the quotients Öi/ d'o1 in the same way, simulating a common variation.
As a conclusion may be pointed out: 
- The effect of the resonance in tidal results is influenced by temporal variations,

partially connected with variations of the rotation of the Earth.
- Results of Earth tidal measurements at a well-established station are not valid for

a ver:, long time. Even if the duration of the measurements is longer than one and a
half year the results of various series with the same instrument at the same site
may differ also for the main tides outside the error borders.

With respect to the error bars the temporal variation seems to be significant. To 
assume for these variations a geophysical origin we have to look for similar altera­
tions in the series of other Earth tidal stations. Therefore the series 
- GS 15 No. 228, . Peony/CSSH, March 1975 until August 1981 

.35 086 hourly readinge, 85 data blocke 
m

0 
= ± 0.7.3 miorogal 

- LaCoste Homberg No. G,318, Berlin (West), llarch 1978 until Pebruary 1981
2.3 652 hourly readings, 4 data blooks 
m

0 
= ± 1.00 microgal 

are investigated with an identioal prooessing of the 90 days shifted analyses almost 
with the eame beginning and end of the seotione as for the partial analyeee of the 
GS 15 No. 222. Since absolute deviatione are mostly oaueed by differ·enoes in the cali­
brations we ehall dieouss the temporal trend ot the tidal parameters only. A strong 
oorrelation of the results of the three inetruments is very seldom for one of the ,38 
parametere ( o, ac for· 19 wave groups). Parallel trends are occurring during the period 
1976 - 1981 almost for shorter seotions but not for the whole period and more frequent­
ly for both the GS 15 than for one of them and the LaCoste Homberg gravimeter. But 
anticorrelations are observed, too. Some of the olear oorrelated sections are shown in 
figure ,3. 

The alteration of 101 and d'01 - dic1 between 1979 and 1980 is very well confirmed 
by the Peony measurement, but with regard to the other pictures may be ooncluded that 
for a signifioant detection of parameter variations with geophysioal relevance there 
are needed tidal measuremen�s with an aocuracy and long time stability charaoterized 
by mean square error values' of m

0 
smaller than ± o. 7 microgal. In the oase of a 

higher noise level in gene,(ral other effects ( different for the instruments at diffe­
rent stations) are overdr�wing the variations oaused by the Earth's behaviour. 

• 
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Especially longperiodic correlations are to be found for the phase lege, the best onee

for M1, 2N2, N2 and L2 as illustrated in figure 4. These are oonstituents of the 
tidal potential only caused by the moon and always containing the term p , the length 
of the perigeum of the moon. 

For a further verification of the observed longperiodic variations of Earth tidal 
parameters more uninterrupted series of high quality are to be investigated. But it ma;y 
be concluded already now that such kind of variations must be included in the discussions 
and applications of the results of Earth tidal measurements for the examination of more 
detailed geophysical modele, especially if a very high accuracy is required like for 
the problem of the resonance of the liquid outer core and its reflection in the diurnal 
tidal spectrum. 
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On the determination of the gravimetrio Mt tide at Potedam 

by 

C. ELSTNER, M. HARNISCH and W. SCHWAHN

S u m m a r y 

The determination of the gravimeter factorÖ for the Mf-wave group demands the
consideration of a few pecularities: 
- the Mf-group consists of two large constituents (for Potsdam T1 = 1J.6JJ days,

A1 = 2.JJ1 �Gal, T2 = 1).661 days, A2 = 5.627 �Gal) and few minor ones. This
implies an amplitude variation between J and 8 �Gala and a beat period of 18.6 years
for the two largest waves and of 16.5 years for the whole wave group, 

- the long-term homogeneity of the time series,
- the signal-to-noise ratio for this long period pa.rt of the spectrwn.

Formulas are given for the computation of the instantaneous and the mean value both of
the period and of the amplitude for the years 1974 through 1982.

By several methods (CH0JNICKI-analyses, generalized BOYS-BALLOT schema, F0URIER­
analyses, statistical estimates) we get an empirical d'-factor of Ö = 1.026 and a 
phase lag of 11! = 7�7 • The consideration of the ocean tide influence improves this 
value to Ö = 1.07), 1t = 7�4. Both by the spectral distribution of the gravity time 
series in the Mf-range and by a further splitting up of the Mf-wave group in the CH0J­
iUCKI-procedure one can conclude that non-tidal disturbances exist. Their mean ampli­
tude is estimated to about 0.75 pGal. Assuming a zero phase lag ,c. = O�O we find out 
an undisturbed gravimeter factor 

O = 1.176 ± 0.04 • 

From the spectra of local air pressure and the observed gravity variations in the 
range of the Mf-periods it is impossible to get a close connection between the above
noted non-tidal disturbance and the air pressure. 

Z u s a m m e n f a u s u n g 

Die Bestimmung des Gravimeterfaktors Ö für die Mr-\'/ellengruppe verlangt die Be­
achtung einiger Besonderheiten: 
- Die Mf-Wellengruppe besteht aus zwei großen Wellen (für Potsdam T1 = 1J.6JJ Tage,

A1 = 2.331 pGal, T2 = 1).661 Tage, A2 = 5.627 pGal) und einigen kleineren. Daraus
resultiert eine Amplitudenschwankung zwischen J und 8 pGal und eine Schwebungsperiode 
von 18.6 Jahren für die beiden größten Wellen und von 16.5 Jahren für die ganze 
Wellengruppe. 

- Gute Langzeithomogenität der Zeitreihe wird vorausgesetzt.
- Gesonderte Untersuchung des Signal-Rausch-Verhältnisses für diesen langperiodischen

Teil des Spektrums.
Die momentane und die mittlere Periode und Amplitude für den Zeitraum von 1974 bis 
1982 werden berechnet. 
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Mit Hilfe verschiedener Methoden (CHOJNICKI-Analysen, verallgemeinertes BUYS-BALLOT­
Schema, FOURIER-Analysen, statistische Schätzungen) erhalten wir einen empirischen cf­
Faktor von cf= 1 .026 und eine Phasenverschiebung von 'at = 7�7 • Die Berlicksichtigung 
des Meeresgezei teneinflusses verbessert diesen Wert auf Ö = 1.073, 1t = 7-�4 • Aus der 
Spektralverteilung der Schwerevariationen im Mr-Bereich und einer weitergehenden Auf­
spaltung der Mr-Gruppe beim CHOJNICKI-Verfahren kann man auf die Existenz einer nicht 
gezeitenbedingten Störung schließen. Ihre mittlere Amplitude wird zu 0.75 �Gal ge­
schätzt. Unter der Annahme der Phasendifferenz 1C= 0�0 finden wir einen ungestörten 
Gravimeterfaktor 

Ö = 1.176 ± 0.04. 

Aus den Spektren des Luftdruckes und den beobachteten Schwerevariationen im Mr-Be­
reich ist ein gesicherter Zusammenhang der nicht gezeitenbedingten Störung mit dem 
Luftdruck nicht ableitbar. 

1. Introduction

In the Physics of the Earth the tidal forces are an important tool for the
estimation of the mechanical properties of the Globe. These outer forces have several 
frequency bands in space and time, well seperated from each other, mainly the terdiurnal, 
semidiurnal, diurnal and the longperiodic ones. Each of them serves for a specific physical 
interpretation. 

The longperiodic part occuring in the form of zonal harmonics only is most interesting 
to fill the gap between the diurnal phenomena and the long - term rheology obtained by 
the analysis of the CHANDLER - wobble• This type of tidal deformations directly 
influences the rate of rotation of the Earth and affects the dynamical response of the 
earth (WAHR et al. (1981)). Within the longperiodic tides the M

r
-wave group has the 

largest amplitude. It entere as well into the astronomical (for instance PIINICK 
(1970, 1976), LAMBECK (1980), MERRIAM (1980), YODER et. al. (1981), HEFTY (1982)) as 
into the gravimetric observational seriee (for instance LECOLAZET and STEINMETZ (1966), 
VENEDIKOV (1981)). It means on the one hand that not only from the theoretical point of 
view but also from the point of observational techn1ques two different �ethods can be 
used and are able to contr1bute to the same aim. On the other hand, from the point ot 
v1ew of data analys1s with reepect to ithe presence of noise, thie wave group ie the 
most favoured one. 

Its determination needs a drift-free observation series. This 1s a drastic restriction 
for the most typee of tidal gravimeters, which often show a yearly drift of a few mGal 
(10-5 m s-2). A careful treatment ot the predominate and complicated drift muet be
carried out under a special attention to the fact that its elimination do not 
influence the Mf-range. There are also some difficulties in the caee of observations
with a small and etable dritt, for inetance for the observations of the :WR 058 with 
respect to the est1mation of the Mf-tide (VENEDIKOV 1981; VENEDIKOV.& DUCARME 1979).
The new generation of gravity meters basing on the principle of a super-conducting sensor 
seems to be nearly drift-free (GOODKIND 1979; RICHTER, BREIN et al. 1982). 
Nevertheless 1t eeems reasonable to look for informatione about the long - periodic 
tides in each long - time eeriee, becauee they are rare up to now. 
Thie paper deale with the resulte of the attempt to estimate the parameters of the 
Mf-group by several different methode on the basie of a long grav1metric seriee 1.D
Potsdamt 
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2. The computation of the theoretical temporal mean parametere by ana1Yt1c methode

The analyeis ot gravimetric time eeriee extended over more than halt a year also
givee the parametere (ampl1tude relationa and phase ditferences) tor the Mr-group 
consisting ot 15 partial waves. Por all these partial waves one and the same pair 
ot parameters will be aseumed to be valid' .• Por the evaluat1on of the results of the 
different methods ot analysis an analytio preeentat1on of the sum of the most 
1mportant waves ot this group ie usetul. 

2.1 Analytio representation ot the sum of tidal waves 

With an accuraoy ot a tew peroent we may subet1tute the 15 wavee of the Mr-group 
by their two greatest ones and we get tor the temporal variation Ög(t) ot the 
1netantaneoue gravity value due to theee two waves

(2.1.1) cf g
li!.r 

( t) = A1 oos ( 2s + N' + ir ) + A2cos( 2B + ·,r ) , 

where s and N' design the mean longitude ot the Moon and the negative long1tude ot

1te ascending node respeotively. At Potsdam the amplitudes A1,2 are:

A1 = 2.331 pgal 
A2 = 5.627 pgal. 

Inetead of (2.1.1) we may wr1te: 

where d

V 1 = dt ( 2e + N ' 

v-2 = h c 2s > 

= 1.10023945 °/h, 

= 1.09803304 °/h 

and Cf 1,2 mean the phase angles tor t=0.

Using the relation 

(2.1.3) A1 coecl + A2ooe � = ( A1 

)(Bin( 

) (ot-� 
+ A2 ooe 2 ) cos( � ) - ( A

1 
- A2 ) ein( o/.. 2 � ) !< 

�)2 

and the abbreviat1ons 

V1 ... V'2
2 11 - 'f 2 = Cf • 
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we oaloulate trom (2.1.2) the grav1ty var1at1on 

(2.1.4) 

(2.1.5) where

(2.1.6) 

1 
R2(t) = ( A� + 2A1 A2oos('1 "I) t + A'f )) 2 and 

t1 (/) 2 •

It a more aoourate representation 1s desired turther oonstituent s of the Mf-group
may be added to (2.1.4). For three oonst1tuents hold the follow1ng relat1ons: 

(2.1.7) cfg
r4r

/ t) = t A1oos( V-1t + '(\ ) =

= R
2

oos( v t + <f - P2 ) + A3oos( v-3t + Cf3 ).

By the a1d of theorem (2.1.3) we get : 

( V-

+ 

V-3
(2.1,0) cfs

r4r3
Ct) = R.300s 

2 t + 

w1th the 

(2,1.9) 

(2. 1 .10) 

ampl1tude and phase funot1ons: 

R3(t) = ( R2 
2 

3 P3(t) ., 2

2 + A3 + 2R2A3 
oos( ( 

("2 - ., - arctan R + A 2 3

·v-- Vj )t+Cf-

(< v=- 'Vj) t tan 2 + 

tf3 - p2 (t)))2,

q, - Cf 3 - "2)) .
2 

In the same manner we oan derive formulas for the oomputation of amplitudee and 
phase angles if we wanted to inolude further waves.

The instantaneous period T1 ( t) is easily oaloulated in the following manner
(i = 2,3): 

(2.1.11) �it + 'P- P1(t) = Vi(t + T) + 'f' - Pi(t + T) - 2'Jr •

Expressing P1(t + T) by a Taylor-series and using P = dP/dt we get :

2,r 
(2.1.12) T1(t) • ----

\Ji - i1<t>

wherby P2(t) resp. P3(t) were oaloulated by the aid of (2.1.6) resp. (2.1.10).

21 

Pig. 1 shows the funotions R2(t) and R
J
(t) ae well ae T2(t) and T3(t) between 1974

and 1982 for the geographioal latitude 52.3809 (Potsdam). Amplitudes R2 are oeoil­
lating with a period of 18.6 years between 7.96 and 3.30 ,uGal without any terreetrial 
tidal response ( d = 1 .o). The minimwn of R2 in July 1978 is followed by a maximlllll in
November 1987. The more aoourate amplitude funotion R4 ehows slightly ohanged data

'L 

1 

----- · 
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�epending on time. At preaent ita period amounta to 16.5 yeara and the extremaa reach 
3.00 pGal (April, 1978) and 8.24 pGal (Jan11ary, 1987) reapectively. The complete repre­
aentation of the inatanta,ueo11a parametera of the M

f
-gro11p, R

11 
and T

11 
eaaily can 

be received by n11merical vector addition, b11t for 0111' p11rpoaeafanalytica1 form11laa are 
■ore 11Sef11l.

For different methoda of analyaia mee.n val11es of the t1dal
1
parameters are needed. 

The ar1thmet1c mean val11es of amplitudes and periods for March, 1974 up to Febr., 1982 
are summarized 1n table 1. 

Table 1 
Ar1thmet1c mean val11es of' amplitudes and periods (31 1974 - 21 1982) 

R2 = 4,24 ,µaal T2 = 1).669 days 

R3 = 4,26 f<Gal �3 = 1).669 days 

R4 = 4. 27 JA Gal T4 = 13.670 days 

Becauae of the very small dev1at1ons between the mean values of R and T for the given 
1nterval of analysis these f'unctions may be represented by R2 and T2 with a
sutf1c1ent degree of acouracy. 

For the synchron1zat1on method and the Four1er-analys1s we need 1ntegrated mean 
values, signed by a bar, f'or the , parameters of the rtf-group. Therefore we first of all
determ1ne 

tA,E denote the dates of the beg1n and the end of' the analysis, tE - tA = � •

Substit11ting the integrand of (2.1.13) by (2.1.5) and using the abbreviations 
2 2 lD ID 1D a = A1 + A2, b m 2A

1A2 and Ä1 = 11 - 12 we find tbe following general
e:xpression f'or R2:

(2.1.14) w. c�) • .¾ �(!)(�r [,k (·:)(dv� +

+ 
____1__ k-1 

(
2k

) • 
a1n((2k - 21)(.6.-J tE +A'f)) - a1n((2k - 21)(.:i\1 tA +,1'f ))\

J 
� � 1 2k - 21 / 

+ f ( ½ ) (!)
2k+1

k=O 2k+1 

• [:k k 
(
2k+1

) • 
s1n((2k-21+1}(J\1tE +A'f)) - ain((2k-21+1)(,h'tA +A'/'))

2 � 1 2k - 21 + 1 ] 

tE 

( 2. 1 • 1 J) i 2 ( ~ ) = j 5 R2 ( t ' ) d t ' • 

tA 
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For practical calculatione we may 11mit the infinite eeriee in (2.1.20) in 
dependence on the deeired accuracy. If we aseume � > 365 days and 10-3 ,,µGal tor
the wicertainty ot R we find the following relation: 

At Potsdam the following numbere are valid: 

{ä = 6.0908 JAGal, b/a = o. 7072, �'P = 2.20641 • 10-3 0/h 

CO = 5.8732 JAGal 

c1 = 59155.2754f'Gal/h 

c2 = - 2953.8615

C3 = 395.8016 

04 = - 67.3322

C5 = 14.4999 

Ueing (2.1.12) we calculate the instantaneous period T2• D1fterentiat1on ot
equation (2.1.6) yielda 

(2.1.16) 

Subst1tuting (2.1.16) in (2.1.12) we get 

4'11' R�(t) 
(2. 1 .17) T2( t) = 2- 2 2 2R2 V + A 'V ( A1 - A2

) •

and the instantaneous frequency 

(2.1.17a) - .,...2:n:....-.... _ = v + 
- T2 --C-t)

( 2 2) 
- A1 - A2 A-p

= 
2R2

2

'(A� - A�) = )) 

The temporal mean f�equency ie given by 1ntegrat1on over the 1nterval 

(2.1.18) 

By the aid 

(2.1.18a) 

l 
= 4 

tE 

J (y - P2)dt = y -i (P 2(tE)
tA

of (2.1.6) we finally get: 

c.3iA) - 1 [ ( 
A1 

-
A2 

(� tE
+ tf »= '\) + .ä arotan A1 

+ A tan
2 

- arctan ( 
A1 

-
A2 tan

(� •• + �»] A1 
+ A2
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To receive unique numerical resul ts in (2.1.18a) and also in the expressions for the 
phase functions P(t) the 11'-periodic tan-functions should be substituted by 

(2.1.18b) tan f = 
1 - COSf 

sinf 

in numerioal calculations. 

25 

Using equations (2.1.15) and (2.1.18a) we calcu�a�ed for our observational interval 
March, 22, 1974 to Feb., 14, 1982 the following values: 

R2(.&) = 4.198 f1Gal 

(2.1.19) �(A) = 1.097342 o/h 

T2(8.) = 1).6694 d 

2.2. Representation by Pourier-analysis 

The function y(t) for the two main waves with the parameters (Ai '\J i 'fi
), i = 1,2 

(2.2.1) 

may be transformed in the frequenoy domain by a finite Fourier-transformation limited 
to the time interval t

A 
� t = t

B
, 

where t = (tE- tA)/2 and 'Pi design the phase angle for t = 

Then the approximation of y(t) is given by f'(t): 

(2.2.2) f(t) '" ao + 

where 

(2.2.3) ao = L 

2t 

ak = l 
t 

00 

fu- 8k 

+t

� 
-t

+t

i, 

00S 
k'll't + 
t 

y(t)dt, 

�

y(t)cos k!t 
t 

sin k'I" t , 
t 

dt and bk = 

tA. 

1 

t 

+t

� 
-t

y( t) al.n}c T_ t dt
t 

The prepoeition of the FOURIER-analyeee coneists in the aeeumption that only these 
waves exist, whose wavelengths are an integer part of the interval 2t. If we confine 
our consideration on a finite time interval the so-called"leakage phenomenon"takee 

• 

place. It meane in the conception of the FOURIER-transforms the broadening of a line in 
the spectrwn acoording to the oonvolution of this line by the speotral funotion of the 
time window, the sinx/x-function. This broadening implies in the notions of the FOURIER­
analyses that we obtain a contribution to the amplitudes of periods in the FOURIER-repre­
sentation, where in fact no waves exist, if the wavelength of the given wave is not an 
integer part of 2t• It is a very streng restriction for all these cases where either the 
wavelength ie not exactly known or an ensemble of wavelengths, not related in a manifold 
of the interval 2t to each other must be considered. If the relation 
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(2.2.J) t - ( y -\) ) � 11r 1 2 

1s valid the two waves cannot be separated by the FOURIBR-analysis. It means that 
in the case of an integer relation for the one wavelength T1 and the length of the
in\erval 2t one oannot find an integer value for 2t/T2• In ohapter 4.2.1 this pro­
blem will be oonsidered in a general disoussion. Here we give the results only: 
For a real number !i• 91 � J.5 � N, N an integer number N t:l:f 2t/T11 the relation

(2.2.4) 

desoribes the differenoe between the aotual length for the wave k = N and the length 
of the time interval in terms of the wave under oonsideration. Then holds for the 
amplitude R of the k th harmonic wave with k = N ± j, j is the integer part of Yi, 

sin1"9 1

!1
(2.2.5) 

In the case of the superposition of two waves (i = 1,2) we must consider the amplitude 
of the vector summation for each k., One obtain 

(2.2.6) 

On the basie of N = 210 wavee of the mean wavelength T2 = 1).67 (aooording (2.1.19))
the parameters in (2.2.4) and (2.2.6) are t = 34448 h, N = 210, 91 • 0.5614, 92 • 0.1298
and the numerioal calculation of RF reeulted to the following value for the interval

00 2J 00 tA = March, 22, 1974, 01 UT, tE = anuary, 29, 1982, 15 UT 

RF (210) = 4.164 JUGal •
2 

The Fourier-representation of the theoretioal tidal data inoluding all 15 waves of the 
same interval on the basis of hourly "readinge" yielded the valuee 

(2.2.e) 
RMf 

= 4.206 � 0.2 /'1Gal

T
Mi, 

= 1).669 d.

From the comparison of both the results may be seen, that the representation of the 
Mf-group by their two greatest partial waves ie quite sufficient for the purposes
of Fourier-analyses and naturally also for the handling of the data by the synchroni­
zation method. 
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.. 

3. Description of the long time dritt by polynomials and trigonometrio functione

The continuollS recordings ot the temporal variations of gravity performed eince 1974 
at our gravillletrio observatory at Potsdam reeulted in high aocurate parametere (t 2•10-4

in the gravimeter factors cf , + 0�02 in the phase lags) of the diurnal and emi­

diurnal main tidal wavee (eee DITTPELD, H.-J.:"Reeults of an eight yeare' gravimetrio 
earth tide registration series at Potsdam", table 1, page 6 of thie issue, and also 
DITTPELD and VARGA (1983)). Also the reliability ot the small tidal waves Q1 an� K2
was oonfirmed 1n the tramework of the transworld tidal gravity measurements (IIEICHI0R 
et al., 1983). 

Sinoe there are only 12 interruptions, oa11Sed a lose of only 4.85% (140 days) of the 
2886 registration days the material seems to be appropriate for an investigation of the 
Mt-tide. The drift of the gravimeter Ge 15 Nr. 222 in the oourse ot eight years shows
an unique shape and calls tor a description by an analytioal tunotion (tig. 2). But we

must keep in mind that during the whole eight years the dritt of the zero position was

about 16.5 milligals (corresponding to an average of 5.5 microgals per day), whereby 
the wanted phenomenon has a total range ot 8 microgals in 14 days! 

There are the measured values {.MV(t)) diminished by the diurnal, semidiurnal and ter­

diurnal tides (TD(t)), obtained by a synthesis of the results of a CH0JNICKI-analysis. 
Practically we subtracted the residuale (RES(t)) of this tidal analysis from the results 
of the PERCEV-filtration (PF(t)) of the observed data: 

(3.1) RK(t) = MV(t) - TD(t) 
= PF(t) - RES{TD,t) 

The registrations are interrupted by eome gaps which separate the whole interval into 
data blocke in an arbitrary manner. Formula 3.1 is valid tor a eingle data block only. 
The further treatment ot the data, particularly the determination ot an analytic expres­
eion tor the dritt behaviour over the whole interval ot eight years, requires the correc­
tion of the arbitrary ordinate differences between the single data blocke and the inter­
polation of the missing restcurve values inside the gaps. For this purpose single pairs 
of consecutive blocke were adjusted by a polynomial of the third order. For data blocke 
of more than two month the data set was restricted to an interval of two month only, either 
at the end or at the beginning of the blocke, because the titting of the data at the 
borders of the gaps is better, when shorter time intervals were 11Sed. Thus a level oorrec­
tion for each block exoept for the first one and a set o.f polynomial coefficients were ob­
tained, which were used to interpolate the missing valuee inside the gaps between the 
data blocke. To close the gap caused by the investigations at the Pecny station, the 
restcurve data obtained by the analysis of the measurements at Pecny itself were used, 
because they yielded a better fitting than the interpolated data in this gap. 

When the level corrections were added and,the gape were filled up wi th the interpolated 
values, the restcurve was used as the basie for the computation of the dritt function by 
least squares method. A good first approximation to the restourve is given by a poly­
nomial of the third order and an additional·harmonic wave with a period Ty 1n the
order ot one year. The monotonous decrease of the amplitude of the trigonometrio terms was 
described by a linear dependence on time. 
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The dr1ft fwiot1on 1s then 

(3.2) 2 3 = a0 + a1t + a2t + a
3
t 

+ (a
4 

+ a
6
t) oos �t + (a

5 
+ a.,t) ein�: t •

where the 
ampl1tude 
a linear 

tr1gonometr1o terma desor1be the superpos1tion of a wave of a oonstant 

Dyo and phase lag f yO with a seoond one of the same per1od but with 
time-dependent ampl1tude Dyt and phaae lag i'y 

(3.3) ny<t> 2 + a t3 
= ao + a1t + a2t 

3 

+ DyO oos(�t + 
y 'f>yo) + Dyt cos(� 

y 
+ 'o/y>

w1th 

✓a� 2
DyO = + 85 fyo = - arotan :i..

&4 

D�t = t✓a� + 8i 'ty = - arctan 186 

The per1od Ty was determined iteratively altering the period in steps of a tenth ot 
a day. When the mean square error reached a min1mum, the corresponding period and 
coeff1c1ents were assumed to be the r1ght. 

The first const1tuent of the drift funct1on obta1ned in such a way conta1ns a large 
linear term charaoterizing the r1se of the data, and a quadrat1c and a cub1c term aa 
a feature of the steadily decreasing slope of the curve. The period amowits to 
366.1 daya; in the oourse of eight years the amplitude deoreasea from about 1000,µGal 
in March 1974 to 230fGal in Februe.ry 1982. The mean ampl1tude is 587.4 ! 4.8f--Gal 
valid in March 1978 (oentral day of the adjustment). 

\Vhen th1s first and predominate part was el1minated, the restcurve still showed a 
periodic character (fig. 3). Therefore further consecutive adjustments were performed 
in a sim1lar manner us1ng the same model and the same deoision rule. 
Only the perioda were var1ed. The sequence of them was determined by the values of the 
corresponding amplitudes by turn ot decreasing values so that the maximum diminuat1on of 
the mean square error in each step was attained. Step by step a series of further eight 
periods was obtained (tab. 2, e.g. fig. 3 a, b), all of them between 100 and 1000 days, 
outside the range of the interesting long-periodic tides Mf and Mm• Generally the coeffi­
cients of the adjoined polynomials were notequal zero but very small in comparison wiih 
those of the f1rst adjustment. These terms are of purely trigonometrio character, but 
the amplitudes are much smaller than that of the yearly term. Their time dependence is 
quite different according to the periods as one can see in the last columns of table 2 
(amplitude in the central day, in the beginning and in the end of the observation 
interval). 
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This consecut1ve determ1nation 1n the manner of a 11pre-wh1ten1ng" leads to a 
stepwise d1m1nuation ot the range ot the ord1nates 1n the order of 102 and therefore 
to a higher resolution 1n the wavelength with regard to the terms of small amplitude, 
particularly if the pr1nciple ot maximum dim1nuat1on ot mean square errors was used 
consequently. As one can see 1n the last restcurve (f1g. 3c)the el1m1nation of the long 
time dritt 1n the range above 100 days by this proceaure yields a data set suitable 
tor further analysis concerning the Mf - and Mm - t1des. 

The procedure described above is justitied by numerical considerations only. 
There are several causes, that the attempt to determine the complete drift function 
cons1st1ng 1n a polynomial and n1ne trigonometric terms ot different periods and 
amplitudes 1n the form 

D(t) 2 J 
= a0 + a1t + a

2
t + a3t 

+ t (a41 + a6it) cos� + (a51 + a.,1t) s1n't
1=1 

by a single adjustment was not sucesstul and yielded Wl unstable system of normal 
equat1ons. At first there 1s the large range of ordinate values of the original 
restcurve from 500 to 15000JAGal. Secondly the amplitudes adjo1ned to these trigonometrio 
terms are very different also and moreover time dependent 1n different ecales (tab. 2, 
figs. 2-J) wThirdly the time ser1ee 1s not long enough that 1t would be possible to 
aeparate waves with per1ods of some hundred days d1ffer1ng by a few days only, 

The physical mechan1sms causing the s1ngle longperiodic terms 1n the drift funct1on 
are at present not yet known. Probably most of them are not connected with geophysical 
phenomena. For example the big dev1at1on wh1ch occured in 1978 (fig. 2 and remarkable 
peaks 1n f1g. Ja,b) may be produced by some additional experiments performed by 
DITTFELD. He g1ves the following explanat1on: This disturbance might be caused by an 
art1ficial jump of the air humidity in the station from J6.5% to 71.0-� for some days 
at the end of March 1978. Also the natural periodic variations of the air humidity 1n 
the station aeem to be 1nfluenc1ng the dritt rate. A regular yearly variation of the 
humid1ty 1n the station between 1974 and 1979 with an amplitude of 10.7� and a 
period of 362 days was observed. This value agrees very well with the yearly drift term 
of the gravimeter, and every year the minimum of ,-he dritt curve lies nearly 100 days 
later than the m1nimum of the humidity. It means that not only the temperature but also 
the humidity should be very constant 1ns1de a Earth tide station. 

(3.4) 
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Fig, 2: Restcurv·e for the gravimeter GS 15 Nr. 222 at Potsdam after jump. 
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set in fig. Jo designated by RRKBGL9 is the result after elimination 

of the 9th harmonio oonstituent. This data set is the basis for further 

1n'festigat1ons. 
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Period 
-

mo 
[d] [

f'
Gal] 

366.1 179.56 

966.o 134. 24

465.0 102. 65 

317.0 87.81

661.1 75.35

207.0 64.96

250.1 57.06

165.a 55.20 

133.3 53. 51 

±
1=1 

Table 2 : Constituents of the analytic drift function dete=ined by the adjustment of the restcurve a:fter formula 3.�
(central day March the 2nd 1978) in the order of their computation 

ao 
�Gal] 

a1 
[
,.u

Gal/d] 
a2 

fµGal/d2 ] 
a3 

�Gal/d3] 
a4 

[fGal] 
a5 

�Gal] 
a6 

�Gal/d] 
� 

�Gal/d] 
Do 

�Gal]
fo 

[radj 

11892.141 3.7695 -0.1656•10:� 0.5321-10-6 
-143.860 -569.536 -0.2111-10:1 0.2909 587.42 1.323 

5.03s :!:0.1008•10-1 :!:0-5514•10 :!:0-7444•10-s ± 4.766 :!: 4.773 :!;0• 5800• 10 :!;0• 5726• 1 o-2

- 7.8032 0.5355•10-1 0.5694•10-5 
-0.6435•10-J 114.319 132.292 o.152s•10:1 0.1009° 10-1 174.84 o.s5s

± 3-8995 :!;0.8378•10-2 
:!;0-4852•10-5 :!;0.6563•10- :!: 3.566 :!: 3.925 :!:0.4759•10 :!;0• 5 300• 1 o-2 

- 1.0017 0.1446•10:1 0.9262•10-� -7 59.105 78.405 o.s136•10-1 -1 98.19 -0.925-0.1245•10_8 -0.3285•10 2:!: 2.8812 :!;0-5855•10 :!:0.3166° 10- :!:0-4392•10 :!: 2.689 :!: 2.773 :!;003274•10-2 :!;0• 3464• 1 o-

4.3239 0.8542• 10-2 -4 6 -7 
- 13.666 50.074 0.1926°10-1 o. 6512• 10-1 51.91 -1.304-0.1044•10 5 -0.102 •10 8 :!: 2.4604 :!;0-4931•10-2 :!;0• 2681 • 10- :!;0.3639•10- :!: 2.308 :!: 2.345 :!;0.2764•10- :!;0.2861•10-2 

6.0759 0.3200°10:� -0.1362•10:t -0.1665•10:� 54.933 32.053 0.4446•10-2 0.7315° 10:� 63.60 0.528 
+ 2.1162 :!:0-4457•10 :!:0.2324•10 :!:0• 3493• 10 :!: 2.022 :!: 2.020 :!:0• 2716• 1 o-2 :!;0• 2492• 10 

0.2786 o.45s5•10-2 -6 -8
- 31.242 - 44.062 0.3611°10-2 0.4601-10-2 54.01 0.954-0.7529•10 6 -0.4898•10 

8 :!: 1.8162 ±0.3636-10-2 :!:0.1961 • 10- :!;0• 2675• 10- :!: 1. 721 :!: 1.708 :!:0• 2094• 1 o-2 :!;0.2035•10-2 

0.7921 -0.4591 • 10:� -0.2025•10=§ 0.5213•10
:.8 

- 34.830 - 14.933 o. 3131 • 10-1 0.1140-10-1 37.90 0.405
:!: 1.5943 :!:0-3207•10 :!:0• 1718• 10 :!:0.2374•10-8 :!: 1. 512 :!: 1.500 :!:0• 1853• 10-2 :!:0.1795• 10-2 

0.0649 -0.6564•10:� -0.2320•10-� 0.7340-10:i 3.895 0.7366 0.4442-10-2 0.2397-10:1 3.96 0.039€
:!: 1. 5417 :!:0-3092•10 :!:0• 1658• 10- :t0• 2277• 10 :!: 1 .452 :!: 1.457 :!:0.1149• 10-2 :!;0• 1758•10 

- 0.2566 -0.2962•10:� 0.5746•10-6 0.3199•10-9 
- 2.789 7.098 0.1157•10-2 0.2011-10-J 1.63 -1.196

:!; 1.4943 :!;0.2993• 10 :!:0.1607•10-5 ±0.2200•10-8 
:!: 1.414 :!: 1 .405 :!:0-1715• 10-2 :t0.1678•10-

11894.615 3.8486 -1.6759•10-3 4.4480-10-1 
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4. Parameter eet1mat1on for the M,-sroup by eeveral numer1cal methode

The methode wh1ch will be appl1ed in chapter 4 might be eubdiv1ded by eeveral
pointe of view: e1ther the coneiderat1on of epectrul propertiee or the order of 
mathematical operations. 

33 

On the one hand (ohapter 4. 1) here proceduree will be ueed wh1ch need absolutely 
the temporal variat1ona of gravity due to th-, theoretioal development of the tide 
generating potential. It meane that they are uniquely restr1cted on thoae per1odici­
tiea whioh also oocur 1n the development. On the other hand (chapter 4.2) there 
methode exiat whioh coneider the ampl1tudea of the gravity variation 1n the whole 
Mf-range and ita eurroundings. Here we are unable to decide which of the frequenc1ea
ehould be ueed for the determination of the d'-tactor. Only by conaideratione of the 
theoret1cal time eeriea either by analytical computationa (aee chapter 2) or by 
numerical procedurea (chapter 4.2) we get the eu1table frequency. 

To evaluate the validity of the reeulta lt ie 1mportant to know whether completely 
different mathematical treatmente were ueed. Each of theee methode muat include the 
eetimation ot a mean value (due to the presence of noiee in our obaervat1on series) 
and a determination of the relation between theoretical and empirical values (due to 
the faot that Ö ie 1teelf a relation between theae quantities). 

In ohapter 4.1 at first we undertake an aes1gnment between the theoretical and the 
obeerved valuee and then the computat1on of the mean value is oarried out. In chapter 
4.2 thie order ie changed. By the CHOJNICKI-procedure 1n chapter 4.1 the allocation 
of theee both valuea 1n the temporal domain ie taken by the error equatione and the 
aummation is carried out 1n the formaliem for the normal equations. By the BUYS­
BALLOT-echema 1n chapter 4.1 the aseignment 1a undertaken 1n the phaae domain and the 
follo\ving eummation for the mean value too. 

In chapter 4.2 the eetimation either for the Fourier-aeriee repreeentation and for 
the eatimation of the autocovarianoe function is taken place 1n the temporal domain at 
firet, whereae the calculation ot the relationehip follows 1n the fre�uency domain. 

4.1 Methode in the temporal domain 

4.1.1 Chojn1ck1-analyses 

The Chojnicki analye1s (CHOJNICKI 1973) is one of the etandard proceduree which 
determine theparametere of the tidea by the principle of the least squaree rule. lt 
requirea an elimination of the instrumental drift either by the aid of eeveral filtere 
ueuable 1n the caee of the ehort-periodic tides or by other methode in the case of 
long-periodic zonal tides. In the computation of the zonal tidee we have ueed ae well 
the zero point method after LASSOVSKI as the analytic drift function deecribed 1n 
chapter 30 Thia function includes only periode longer than 100 daye, and therefore 
zonal tidee not longer than one month remain undieturbed. 
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The reeults obta1ned by the two k1nds ot treatment are cons1derably different. 
The zero point method y1elds the largest value for the G faotor of the Mt tide but
the smallest mean square error (see the paper by DITTPELD, H.-J., thie isaue, page 7) 

The analys1s of the drift-free restourve (RRK8GL9, f1g. Je) reeults 

(4.1.1.2) 

In the same manner we obtained the parameters of the Mm tide, but its mean square
errors are still larger than those of the Mr tide due to the smaller amplitude of thie 
tide. The reaults g1ven in the eame order ae thoee of the Mf tide are

(4.1.1.3) 

(4.1.1.4) 

= 

= 

1.1254 ± 0.0043 

1.209 ± 0.597 

'K.M 
m = -0�335 ± 0.21a 

� =  m 19�34 ± 28. 26 

The remarkably h1gher inner aoouraoy of the parametersof the f1ret treatment 1a 
oaueed by the very oloae f1tting of the zero po1nt-drift to the obeervatione. But the 
differencee between the parametersof both the treatmente ind1cate a e1gn1f1oant oharaoter, 
whioh muet be cleared by further investigations. 

4. 1. 2. Determination of the tides Mf (and M
111

) by the aid of a modified Buys-Ballot­
method 

The synchronization method may be applied to the determination of tides, because 
their periods are well known. Therefore 1t is poseible to attribute to eaoh date of 
observation a dietinot value of the phase angle X always eituated between 0 and 2� . 
The connection between X, and the time is given by: 

(4.1.2.1) 
t 

21rk+X,= 2'lrT, 

where T ie the wavelength of the tide and k = o, 1, 2 • •. • 
In the case of a euperpoeition of two wavee with slightly different periods thie 
expresaion must be changed, aince T is now a funotion of t as considered in chapter 2 
(2.1.4, 2.1.12). The time - dependent phase may then be written in the form 

( 4. 1 • 2. 2) �t + ;p - P 2 ( t) = 2 'Ir k + 'X,( t)

where 0 � 'X, (t) � 2'ii' .- If P2(t) is not a linear funotion of t, then the length
of the interval 21" of the phaee angle oorreeponde to the time-dependent period 
T2 and for the whole time interval tA to tE 2'ir muat be aeeigned to the mean 
period T

:!
• 

dMf = 1.035 ± 0,449 
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Fig. 4: Mean Talues of tbe tbeoretio graTity Tariations due to the largest two 

Mf waTes (tbin Une) and of the empirio dr1ft-free restoune RRK8GL9

(orosses) for fourt1 seotions in tbe intenal between O and 211" aocording 

a Bu:,s-Ballot-soheme. Tbe mean values for the empirio data were then 

approximated b7 a trigonometrio funotion (tbiok 11ne). 
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For the praot1oal oomputat1ons the whole range of 211' 1s subd1v1ded 1nto 40 seotions 
ot equal length of aro. For eaoh date of observation the oorrespond1ng seotion was 
determ1ned 1n dependenoe on X,(t), and both the theoretio values and the empir1o ones 
were arranged 1n the forty seot1ons. F1nally, for eaoh seot1on the mean values were 
oomputed (fig. 4). Due to the averag1ng properties 1n the emp1r1o values a large part 
of the aooidental errors 1s removed and the funotion shows a s1m1lar shape as the 
theoret1o one 1n aooordance to formula(2.1.4). Therefore the amplitudes and phases for 
both the time series were determ1ned by an adjustment by a tr1gonometr1o funotion with 
the wavelength T2 (2. 1 .19) • So we get the amplitude Jr2 and the phase angle
cx2 for the theoretioal series and Re and °'e. for the emp1r1o one (measured data),
and the gravimeter faotor tf M

t 
= R

8
/R2 and the phase lag 1C. = cc.

8
•

Us1ng the data ot the dritt-free 
- -

0 6 R 8 = 4. 295 f'Gal and - 111 = 5.39 •
With these values the parameters 

(4.1.2.J} 1 .026 ± 0.020 

were oaloulated. 

Mf 
restourve (RRK8GL9, f1g.Jo} we obta1ned 
From the theoretio data we found R2 = 4.186

fA'
Gal.

= 5�396 ± 1 .130 

Us1ng these parameters the aingle values of the two�in tides of the r:.
t 

group were 
oomputed and subtracted rrom the restourve. So we got a new rostcurve, which was 
applied for the determination ot the parameters of the Mm t1de 1n quite the same manner, 
but using the relations mentioned above for a single T1ave only. The resulting ourves are 
to be seen 1n fig. 5. The adjustment by a tr1gonometr1o funotion was oarried out and 
y1elds the parameters Re= ).623)"-Gal, Rt = 2.9656fGal, OC

8 
= 26�os.

The results are then 

4.2. Methode 1n speotral domain 
+ 

X M = 26? 08 ± 3 • 50 •m 

4.2.1. Parameterest1mat1on under the influenoe of � 

The use of the least squares rule for the estimation of a mean value by averaging 
over a sample requires a white noise 1n the trequenoies under oonaideration. This is 
a streng prepos1t1on, and we looked for a method wh1oh is unsensitive about the 
oharaoter of the noise • 

.11'rom a general point of view our emp1r1oal grav1metr1o restourve might be 100nsidered 
1n the Mr region as the sum of a few harmonio oonstituents (f.i. see equ. (2.1.7)) and 
an additional noiae W(t} = W(t, 'V 1) 1n dependenoe on the frequenoy V 1 •
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,Therefore the etoohaet1o modal 

T'Ct) 

for the grav1ty variat1ons may be eupposed. For the Mf-wave group holdem= 15.

KURTH8 (1982) deeor1bee algor1thme baeed e1ther on the temporal doma1n or on the 
est1mntion ot autocovar1anoe fwictions. The parameter est1mation A

1 
takee place by the 

least equares error rule ue1ng the Marquardt method of regular1zat1on, whereby )1
1 

1s approximately known. The regular1zator ,\ i,opt for the i-th component 1s g1ven by 

(4.2.1.2) 

whereas 
and follows

(4.2.1.3) 

� 1 1 opt = _g_ 
� 0uu< t') COB '{> i t' = �

( A )2 (A )2
1 't =0 1 

fr:ntt, opt gives the (unknown) relation between the noise Wi

C
TAC A 2 

( 1..2
c;=O 

l'12 reg 
cos� 1 't' - ; coe y 1 t' )2 � Min.

to the amplitude Ai 

and Cuu 1s the emp1r1cal ACF of the noise and the other waves, TACF 1e the length 

of the ACF • 

W1thout modell1ng the no1se expl1c1tely 1t oan �e etated that the s1gnal 1s 
optimum described by th1e way. The Marquardt algor1thm realizee a general1zed 
pre-wh1ten1ng, 1.e. a m1n1mum wh1te no1se on the trequenoy '? 1 • In praot1cal deter­
m1nation the exact value of 111 1e determ1ned by a few 1terat1ona; the correepond1ng 
X

1
1a then vnl1d. 

The data set used for this method oons1sts 1n the da1ly mean values of the data 
set RRKBGL9. The autocovar1anoe funct1on shows a cons1derable long-term contr1bution 
w1thout a remarkable frequenoy -Y

1
• Therefore the temporal doma1n g1ves the best 

results. \Ve obta1n 

= 13.676 d = 13.671 d 

(4.2.1.4) 

From this resul t (differenoe to the other ones .::. 2%) we may oonolude that in the 
several methods a white noise contribution (noise in the pure statistioal sense) does 
not falsify the results. Thie gives the hint at the fact that the distortion of the 
& - value must be caused by a non-tidal dieturbance of deterministio oharaoter. To ex­

olude possible numerioal influences oaused by strong spectral contributions in the far­
ther neighbourhood of the Mf-wave we applied at next a band-pass filter. 

T!l: 
Mt 

TT 
M~ 

~ = 4.251 f-Gal ~ = 4.112,,.aa1 
t f 

cl'M = 1.019 
t 
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4.2.2 Filter methods 

As in the preceeding chapter noted the autocovariance function of the daily mean 
values shows a slow decrease for increasing lags. lt means that besides the trend for 
periods langer than 100 days was eliminated, long term constituents in the range of 
20 days are important. Therefore a band-pass filter of the ORMSBY-type after JENTZSCH 
(1978) was used. Its parameter were (Tab. 3): 

Table 3: Parameters for the ORiv;SBY-band-pass 

Filter roll-off 
frequency 

0.0029976 cph 
(13.9 daya) 

rectangle 

0.0030193 cph 
(13.8 daya) 
0.0032808 
(12.7 daya) 

roll-off 
frequency 

0.0033068 cph 
(12.6 days) 

length 
of operator 

± 1000 

To avoid syatematic errors of the tranamiaaion properties of the filter, both the 
emp1r1c as well as the theoretic time series were treated. For the gravimeter factor 
one yields by FOURIER-analyses (see next chapter): 

(4.2.2.1) ö M = 1.019 
f 'aeM 

= 6�3
f 

TM = 13 .67 ,daya • 
f 

The results of (4.1.1,2, cf= 1.035), (4.1.2.3, d' = 1.026), (4.2.1.4, cf= 1.019) 
and (4.2.2.1, cf = 1,019) differ systematically from the expected value in the order of 
10 %. To get some hints for the causes of such a deviation we must look for a method 
which doea not consider the tidal periods only. 

Fourier-analyses 

The aim of the FOURIER analyses in this chapter consista in the determination of the 
spectral distribution of amplitude and phase in the frequency domain of the Mf group and
in its neighbourhood. The 11philosophy 11 bases on the following consideration: The Ö-va­
lues obtained in the preceeding chapters are falsified by a non-tidal disturbance. If 
we can reach a knowledge on the spectral conatituents around the Mf spectral range then
we can extrapolate from these values the disturbation for the tidal waves itself. In a 
second step it should be possible to find out on this basis a procedure for the correc­
tion of the o -factor. 

The method wao applied both for theoretic time series for long-period waves on the 
basis of the CARTWRIGHT-TAYLER-EDDEN development and for the drift-free empirical data 
described in chapter 3 (data set RRK8GL9). For an interpretation of possible influences 
of the air pressure on the empiric gravity spectrum the series of local air pressure at 
Potsdam is also considered. 

4.2.1 
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The Fourier analysis ot the theoretioal eeries g1vee the expected values and servee 
as a "ref'erenoe curve" to est1mate 

- the gravimeter factor

(4.2.3.0) 

for the k-th harmon1c kMf' of' the wavelength 13.669 daye (E meane the empir1cal
valuee, T the theoret1cal onee), 
- the contribut1on of' other inf'luencee (drif't behav1our of' the grav1meter, unknown
correlatlons to the a1r preseure, humid1ty etc.) in the reg1ons ins1de and outside
the M

f' 
group.

To get a quaei-continuous representat1on in the spectral domain we carry out 
several s1ngle Fourier analyees. Then their resulte are comp1led 1n a common curve 1n 
dependence on the wavelength (f'ig. 6). Here are aome explanationa to underatand what 
happens, 1f' the length ot the data interval does not conta1n an integer J;1umber of' the 
wave to be determ1ned. 
At tiret we oone1der a wave y(t) = Aacoe( V 0t + y 0) character1zed by the unknowns
A0 and "1' 0• At first the time interval 2t ahould conta1n an integer number N of' perioda
with the frequenoy 

= �, i.e.
0 

N11'= -

Ineerting y(t) = A0coa(!tt t + "t' 0) 1nto (2.2.3) the equation f'or the coef'f'ioients
¾ and bk may be wr1 tte! in the form

(4.2.3.2) {::} • ¼ 

+t

�-
{ A0cos 't 0coe f 

-t

{000 } 
krt-Aosin"f' osin�t {

000

} �t} dt • 
ein t t ein t 

For the case k = N = � • 1.e, the single wave A0cos(v0t + ;,0) occura N - times
1n the time 1nterval O 2t, we obtain the well. known result 

(4.2.J.J) bk = -Aosin 't' 0
b

k 
= 0

for k = N 

for k + N 

&~ 

E ✓ ~2 bE 2 
Rif' + 

d'14r = ""T = Mf krg 

i ~~ bT 2 Rif + 
~ 

t • 
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To look for grav1ty var1at1ons 1n the surrotmd1ng� of the Mf - wave group we change
sl1ghtly the length 2t of the 1nterval to get new Fourier coeff1c1ents ¾:, bk

n n 

for a new per1od Tk 1n such a way that the Mf - wave does not conta1n an integer
number N of periodB 1n 2t, but N+E., t.<1 and the following relat1ons are valid: 

(4.2.3.4) 

and 

(4.2.3.5) Zit 2'1r (N+e. )110 = To = 2t

2t T0 = nr+i> , e =

= l"(N+C,)
t 

2t - NT 
T o

0 

In th1s context we cons1der not only the wavenumber k = N, but also the wave 
numbers k = N ± •j, j = 1 1 2,3 .  lt means that we use a set of 2j + 1 coeff1c1ents 
for the spectral representation 1n the ne1ghbourhood of the Mf wave group.

Insert1ng ,:,0 
= 'Ir 

(N+ e) and k=N±j in the equatio� (4.2.3 .• 2) and 1ntegrat1ng w1th
i 

the help of the well known 1ndef1n1te integral relat1ons we get: 

(4.2.3.6) 

[ 
1' (N+e ) (N+ '- )II' (N±j)T 

• 
t 

008 

t 
t 008 

t 
+t

-t

-t

t - (N±j)$' ein CN+ & ) 11" t
. t t 

•

- 'lr(N:!:j) 
t 

.[1'CN+t )einCN+e.)rt coe(N±j)'ll't -
[ t t t 

+t 
OOSCN+ e ) t' t sin(N:!:j) 11' t ] 

t t 
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The aecond term van1ahea a1nce coa(-x} = coax and s1n�N±j) = o, a1n(-x) = -a1nx 
and also 1n the firat item the aecond term vaniahea tor thia reaaon. 
For the firat term we obta1n under conaideration ot 

{
+1 for N and j even or odd

coa(N±j)'lr = coaN11' coaj:I' =
-1 for N or j odd

and 

(4.2 • .3.7) 

ain(N+ e.) = coaNt' ain &1' = ± a1ner for 

2A0coa't 0(N+ t) a1n e.t
{ )

j 
= 11' ((N+t )2-(N±j)2)

• -1 

The denominator may be tranaformed 1nto 

(4.2 • .3.8} 

an d f or N << e <: 1 we ge t 

(4.2 • .3.9) 

N· ( even
• odd 

2Nt + t2 
+ 2N;) - j2�2(N+ t) ( E + tä��±!}) 

= 2(N+E.) (t + j ± �) •

Finally we obtain the Fourier ooefficienta 

(4.2 • .3.10} + = 
A0coi,,0a1ne.J 

� ________ ...,.. ___ • < -1P
-j 

1'(t+ j ± �)

and by a aimilar way

(4.2.3.11) h.-+. -r-1-J 
A0a1n4t 0a1n n

= 

�E+ j :!: �). 

so that for the amplitude 1\ = ✓� 
(-tan 'f O = �) v,e get the relationa

, 

and the phaae -P
o 

43 

the following express1on 

2tA0oos "I' 0 ( 'iT (N ) ) 
8N±j = 1r2((N+t )2-(N±j)2) • 1 f e. oosN'lr sind'cosN'lr cosjt" 

2N~ + i 2 + 2Nj - i = Nt + E2 + 2Nj - / + Ne, 

( +j (2N±j) ± N& ) = CN + t. > e. + _ ........... N~+e""""'__.,...::.;,o._ 
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sine.l'

and 

The phase value "t' 0 of the single wave y(t) 1s not changed by the Fourier
representation. 

2 

Neglecting in (4.2.3.12) the term ± i (which is juatified for N>100 and 

j, 3 for an accuracy of 1% of the ampli tudea) and introducing i. + j = $ we obtain 

(4.2.3.14) 

It means that the epectral repreaentation of a aingle wave y(t) = A0coa(v0t +1' 0)

on the baaia of the finite time interval 2t doea not give a Ö - tunotion, but a 
ainx/x - funotion. 

If the interval uaed for the Fourier repreaentation ot a aingle harmonio wave doea not 
contain exactly an integer number of perioda of this wave a certain soattering ot 
energy to the Fourier coefficients in the aurrounding ot the wave takea place. 

Mj
The periods TN±j at which the maximum talaitication appear and the influence on the
Fourier param.etera can be determined by the extrema Mj
according to the tranacendental equation 

(4.2.3.15) 'Ir� M = tan 'il'o M j J j

Mj
The oorreaponding Fourier perioda TN±j are

= = 
N N 

ot the ain x / x - function 

ein( j ±j)f = A 
T.f O 

• 
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For the f1ret (j = 1) and eecond (jm2) max1mum e1de lobe we obtain 

S M1 
= ± 1.4303 JM2

= ± 2.4590 

tM 
= ± 0.4303 E

M 
= ± 0.4590 

1 2 
(4.2.J.17) 

8N = o. 7221 Ao 8N = o.6877 Ao

8N±1 = 0.2172 Ao 8N±2 = 0.1284 AO

It meane for the determ1nation of the amplitude A0 for 1nstance for j=1:
The data 1nterval 2t oovere 1netead of NT0 the length NT0 ± 0.4303 T0•
Then we obtain the max1mum of the firet s1de lobes and for the ooeff1c1ents 

8k=N and bk=N wh1oh should desor1be the true amplitude A0 the dietorted value
0.7221 Ao•

For the euperpoe1t1on of two waves which are not separable by Fourier analyses 
the Fourier amplitudee RF are expreesed by formula (2.2.6) instead of A0•

2 

For the determ1nat1on of the surround1ng amplitudee we must subst1tute in (2.2.6) 

= j 1 = 1,2 • 

(Naturally also the epectra of more than two waves may be calculated 1n this way). 

For the two ma1n wavee of the Mf group the function RF. 1e given in figure 6 ,
2 

upper curve. The second wave 1s eituated at T = 13.633 d, and its amplitude 

45 

amounts 40 peroent ot that of the main wave at T = 1).661 d • 'Ne see that the 
1nfluence of the second wave generates an asymmetr1c pattern with respect to the 
ma:x:1mum of the amplitudes espeo1ally 1n the region of the left-hand s1de first 
secondary max1mum (j = +1). The f1ret m1n1mum on the right-hand s1de reaches the zero 
value whereae on the left-hand s1de a contr1but1on of 0.25i"Gal is generated by the 
seoond wave. 

Inserting the mean per1od T2 = 13.669 (equ. (2.1.19) 1n formula (4.2.3.16) we
obtain for N = 210 

M1 M2
T211 = 13.5763 d T212 = 13.5093 d 

(4.2.3.18) 

M1 M2
T209 = 1).7625 cl T208 = 13.8295 d •
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Now we conaider practical computations for our data aeriea. 
The gravimetric regiatrations at Potsdam yield to a reatcurve, wh1oh begina on 
March 22, 1974, 1°0 (tA, for all Fourier analyaea the aame date) and terminates on
February 14, 1982, 4°0uT, 1.e. 69268 hourly readings. Uaing the mean_value 
T2 = 1).669 daya = 328.06 hours 1t means that 211.14 periods are contained 1n thia
time interval. In order to change e in the range ±o.5 we muat choose N = 210. 
To get an impression on the numerical (inner) rel1ab111ty of the computation we vary 
t 1n the rruige +0.5122 �t.t -1.02, 1.e. the interval length 2t varies from 
69048 through 68544. 2t 1n the case � = 0 amounts 68896 (1.e. the time interval 
March 22, 1974, 1 °0thro�gh January 29, 1982, 15°0 UT). The variation of the � value
takes place 1n steps At�.077. To cover the above noted range 21 single Fourier 
analyses were carried out. By other words: the Fourier coefficient for N = 210 1s 
allocated to the periods 13.70, 13.695, 13.690, ••• , 13.60 1n the order of the 
analyses, From different analyses we obtain for the same period the ampli tudes and we 
can remark that they differ 1n the range 2.5 ••• 5 % of the maximurn amplitude, i.e. 
0.1 ••• 0.2/lGal for the gravity or 0.02 ••• 0.04 mbar for the local air presaure. 

The results of the 21 Fourier analyses, compiled to.a quasi-continuous spectral 
representation for different data series are given 1n f1gure 6. The second curve 
(counted from th� upper one) shows the distribution of the Fourier amplitudes calcula­
ted from the data series for all the long-periodic waves 1n the Carthwright-Tayler-Edden 
development, using the gravimeter factor I =1.0,The agreement between the first and 
the secGnd curve is quite well, i.e. the analytic Fourier representat1on on the basis of 
the two main waves gives the principal feature of the computed ones on the bas1s of 
the hourly data series. 

The Fourier analyses on the basis of the restcurve RRK8GL9 (chapter 3, see also 
fig. Je) show the follow1ng characteristics: 

E 

- Ne find an excellent agreement of the position TM = 13.669 for the max1mum
t 

amplitude E and of the position �= 13. 61 and 1ts amplitude RM = 4 • 389 _fAGal 
f 

(expected 0.JrGal, obtained 0.4f"Gal) for the first left-hand minimum. We obtain
from the values for the maximum according to equ. (4.2.J�0) the tidal parameters 

(4.2. J.19) dM = �.J82 ± 0.2 = 1.044 ± 0.1 
f 4.206 ± 0.2 

X M = 1�1 ± 1�0 
f 

This values confirm the results 1n chapter 4.1.2. 

' - --- ---
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leakage phenomenon 
(a) main fourtnightly wavee

(b) T1=1J.661 d, TK=1J.645 d
K=N=210 

(eignature .. ) j=-1,0,1,2 
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(a) 

A, 

13.40 13.50 13.60 13.70 
13.67 

13.80 13.90 period [daysl

Fig. 6: Spectral repreeentation (F0URIER-analyees) of the gravity variatione in the 
time interval March 1974 - February 1982 (lower part of the figure) and eome 
explanatione oonoerning the leakage phenomenon (upper part). 
The upper ourve in the lower part oonsists of the values due to formula (2.2.6) 
for the two main wavee, the middle ourve represents the reeulte of the F0URIER­
analyees on thl! basie of an hourly data set due to all wavee within the Mf -
group, Im 1.0. and the lower curve the results on the basis of the hourly 
digital empirio data set after drift elimination up to the ninth harmonic con­
stituent. Note the nearly symmetrio shape of the two first mentioned curves in 
contrast to the lower one as an indication for non-tidal constituente in the 
empiric data eet. 
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We remark a tew pecular1t1es 1n the Fourier representation of the empirical 
gravimetrio series :

the asymmetr1o ehape 1n the range of the max1mum (in contrary to the eymmetric 
ehape ot the upper curve) 
the remarkable d1m1nuat1on of the left-hand e1de first m.aximum (expeoted 1. 5 f'Gal, 
obtained 0.7t,Gal) 
the remarkable amplitioation of the r1ght-hand side firet maximum at the period 

13.76 (expeoted 1.5f'Gal, obtained 2.0f'Gal) 
at the f1rst r1ght-hand zero ooeff1o1ent a eignificant contribution of 1.0,-.Gal 
1n the emp1r1oal ser1es 1s to be eeen. 

These taots lead to the oonolue1on that 1n the M
t 

range a non-tidal d1eturbance 
exiete wh1oh can be character1zed by an amplitude �

t 
of approximately 0.7 ••• 0.B f"Gal.

To proof whether th1e disturbanoe might be seen in connection with the looal air 
pressure we analyeed this data ser1ee for the same time interval. The amplitudes vary 
trom 0.1 through o.a mbar, for the periods 13,40 through 14.00d. At TM we obtain

f 

an ampli t ude p Ri,: = o.666 mbar, 
t 

= 312 ° . 

To provide a detailed insight in the relation between the lot of results for the 
periods 13.70 through 13.635 days in polar diagrams the empiric (thick line), the theo­
retic (thin line) and the barometric (brocken line) amplitudes and phases are drawn 
(Fig. 7). 0ne can remark on the one side the increase of the empiric amplitude with re­
spect to the theoretic one from longer to shorter periods, on the other hand in the 
period range 13.680 through 13.640 days neither the air pressure amplitude increases 
nor the phase angle between empiric gravity and air pressure (approx. 67°) changes. 
Therefore we can conclude that the amplitude variation of the empirical vector cannot 
be produced by the local air pressure, but a non-tidal disturbance of other origin 
causes the above noted increase and prevents a stable gravimeter factor for the periods 
in the range of 13.70 ••• 13.635 days. 

To confirm and generalize this statement we split up the Mf-wave group into three
groups Mf1, Mf2, Mf3 (see table 4). Using the CH0JNICKI procedure we ·analyse the
drift-free data set RRK8GL9 again. The gravimeter factors for the three groups differ 
considerably, but a common explanation may be found if we accept the above noted non­

tidal constituent SN in the order of 0.7 through 0.8 pGals. Vie consider the followj_ng 
equation 

+ in phase
(4.2.3.20) i = 1,2,3; 

= out of phase

whereby the factor 1 .165 is the value after WAHR (1981). In comparing columns 5, 6, 7 
and 8 one can remark the good agreement in the magnitude of the gravimeter factors 
under the assumption of the existence of a non-tidal constituent. 

= 
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Fig. 7: Vectorial representation of the resulta of the FOURIER-analyaes in the region 
of the Mf-tide (see fig. 6). For eaoh period (in days) the empirio (thiok line)
and the theoretio (thin line) tidal gravity vector as well as the empirio looal 
air pressure vector (broken line) are shown. 
At the period of 13.670 days we obtained the maximum lengths of the tidal gravi­
ty veotors. A detailed vectorial diagram in the lower part explains the empirio 
( A ) and theoretio ( 1r ) tidal veotors, the ooean loading veotor ?', the ooean

loading oorreoted veotor ?'00 , the disturbing veotor SNand the looal air pres­
sure veotor ¾• Negleoting a phase lag we obtain a reasonable gravity faotor 
using the estimated empirio tidal veotorT.st under oonsideration of the veotor �­
The ainount of the veotor �.was derived from the non-tidal influenoes in fig. 6. 

!' '1 

l 
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Table 4: Gravimeter factors for three groups Mr1, Mf2, Mf3 within the Mf-wave group 

column 4 - maximum amplitude of the resulting main wave 

1 
jesig­
nation 

column 5, 6, 7 - theoretical results on the basis of a non-tidal constituent 
SN of 0.75 pGal in phase (col. 5), out-of-phase (col. 6) and their 
mean�value (col. 7) 

column 8 - CHOJNICKI-analysis, data set RRK8GL9 

2 
DOODSON­
arguments

075.345-
075.365 

075.455-

075.585 

076.354-
077. 575

3 
periods
(days) 

13.805-
13. 7 49

13.719-

13.579 

13.276-
12.663 

4 

max. Ampl.A
(f!Gal) 

0.243 

4.20 

0.019 

5 6 7 

(1.16
�
M-A)+SN 1(1.16

�
-!f-A)-SNI �

4.251 1.921 J.086

1.295 0.9379 1.116 

40. 64 38.31 39.47 

8 
CI-IOJiJICKI
analyses 

3.376 ± 7.55 

1 .013 ± 0.47 

49.11 ± 92.4 

5. Conclusions and interpretation

For a summary we compile in table 5 the results and consider the simple mean value. 
We neglect the mean square error since the methods are quite different and a comparison 
is not justified. 

Table 5: Gravimeter factors and phase lags due to different methods of analysis, data 
set RRK8GL9, 69 200 hourly values, 2883 daily mean values resp. 

CHOJNICKI-analyses 
- total M

f 

- Mf2

BUYS-BALLOT-schema 

KURTHS method 

FOURIER-analyses 
- unfiltered
- band-pass-filtered

mean value 

d' 

1 .035
1.013

1.026 

1.019 

1.044 
1.019 

l�Q&g

10.60 
8.47 

5.4 

1.1 

6�3 

1�1= 

The results show a sufficient coincidence and we can conclud� that the single 
methods used for the analysis of our 8 years data set do not produce a systematic bias. 
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Ö
th 

Therefore the difference to WAHRs Earth model ( M = 1,1655, � = o0
) must be caused 

by other influences. f 

The FOURIER-analyses provide the moet detailed information on the spectral distri­
bution in the Mf-region as a base for the wanted explanation. Therefore the further 
inveatigations base on their results. Using the unit �Gal and the notation introduced 
by MELCHIOR (1983) we consider the vectors (for the values see chapter 4.2.3) 

E 
7?7± t (A, oC. ) observed amplitude and phase (A = RM = 4.389 ± 0.05, oc. = ,c = 1.5) 

f 
T 

<o= 1.0)=Ir (R, 0°) theoretical amplitude and phase due to the earth model (R = RM 
= 4.20 ± 0.05, o.o) 

f 

r (L, � ) load vector due to the Mf-ocean tide 

T (X, '% ) final residual • 

For an undisturbed observation the equation 

( 5 .1) 

is valid, but we derived in chapter 4.2.3 a non-tidal disturbance �N in the neigh­
bourhood of the Mf-wave, described by (SN = 0.75 ± 0.05, a-

N
). Now we assume that this

disturbance is acting on the Mf-waves itself. Therefore in (5.1) a further term �N 
must be regarded. 

( 5. 2) A=it+r'+T+�. 

In introducing -� in equation (5.2) we are unable to estimate the influence of the litho­
speric heterogeneities Y� Here we choose to simplify mattere r= �.

On the basis of our gravimetric time series we look for a reasonable lt
est 

which 
gives the estimated values for lt, 

(5.3) ¾st 

whereby the ocean tide corrected vector 't
00 

already shows the deviation from the earth 
model. MELCHIOR jßd DUCARME (1983) submitted us kindly the values for �(L = 0.118 (+0.01), 
-2?83 (177?17 + 2°)) calculated by the well known FARELL procedure based on GREENs 

-

functions on the basis of SCHWIDERSKI cotidal and corange maps for Mf. We add 180° to 
the phase angle in order to yield the same phase like our results (since the amplitudes 
of the zonal tides are negative for <f> 35?16). Furthermore we add raw error limits 
to estimate the accuracy of the final results. 

The ocean tide corrected '?'
00

(4.506 + 0.05, 7?42 + 1?5) differs considerably from 
the value of the WAHR-model for Potsdam

-
(4.20 W 1.1655 = 4.89, O�O). In order to obtain

=t'-'t"-~ 
= ¾c - ~ ' 
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�et now we introduce the assumption that the phase lag � for lf;8
t �

anishes.!.. i. e.
�et coincides with the�rue "Irin the direction and the phase lag of 7.42 in A

00 
is

attributed to the vector s;,. Then (5.3) �ields the form 

(5.4) lt (Rest' o(. = 
O)

est = ¾c -� 
= 

(4.94 ± 0.16, O). 

Using the value of 4.20 pGals for the rigid Earth we get finally the gravimeter factor 
for the Mf-wave group at Potsdam;

1 
: est 

(5.5) 
Ö Mf 

= 1.176 ± 0.04 

The error of this estimation is produoed mainly by the uncertainties in the vector 
of the disturbanoe. Inside the error limits the result agrees now with the value of the 
WAHR-modal. We oan remark that the oonsideration of a disturbing veotor � derived 
from FOURIER-analyses results to � very suffioient ooinoidence with the predio�&� value. 
For other parameter sets ( table S1l we obtain in the same manner values for 8 M whioh
are within the error limits of +0.04 ( with the exoeption of ( Ö= 1.035, 10�6of, where 
-

-

SN must have the amplitude of o.s �Gal for a solution).

Independently we oan also estimate the phase of the disturbanoe (again under the 
assumption of the angular coincidenoe of it;st and it)

. (5.6) 6"
N 

= 129�0 ± 15° •

The vector of the looal air pressure �for the mean Mf-period (13.67 days) amounts
(0.666 mbar, 312°), i.e. the phase angle is about ( e-

N 
+ 180°). On this basis we oan

derive a regression factor r 

( 5. 7) r = - 1.14 pGal/mbar. 

But this result is valid for this wavelength only (see chapter 4.2.3)'and up to now 
it is impossible to find out in our material a significant and oonstant oorrelation 
between the variations of air pressure and gravity. 

The results of our investigations on the basis of the gravimetrio time series of 
the GS 15 222 shows that special consideratione are required to estimate the character 
of the non-tidal disturbanoes in the range of the Mf-wave group.
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