Gezeiten sind uberall

Die Erde unter dem Einfluss von Mond und Sonne

Walter Ziirn

Geophysiker 1. R.
Observatorium Schiltach - Black Forest Observatory

Wettzell
Geodatisches Informationszentrum
21. Juni 2007




Ubersicht

Grundlagen

Gezeiten der Meere und Seen

Gezeiten der festen Erde

Spektakulare Gezeiten 1m Sonnensystem

Ich entschuldige mich fiir hdufige Verwendung von englischen
Ausdriicken



Newton’s Law of Gravitation

F=-G .M}r',b{\éfz

G = Gravitational constant = 6.674 -107! m3kg—1s72
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Doodson’s Constant

MR
Gp(M>E)=%-G- b

R 3
Gp(S > E) = £5 - [5G p(M > E)

GD(S > E) = 0.46°GD(M > E)



Vergleich-von Gezeitenkraften im Sonnensystem

Mond
Sonne
Venus
Jupiter
Mars
Merkur
Saturn
Uranus
Neptun
Pluto
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Sonne
Jupiter
Jupiter
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Wichtigste Dnsiituenten

Bezeichnung Periode\‘xmplitude

Sonnenstunden M&lO0.0

Halbtédgige Tiden :
Hauptmondtide M2 12.42
Hauptsonnentide NV 12.00

Elliptische Mondtide ~ N2 12.66
Luni-solare Halbtagstide K2 11.97

Ganztigige Tiden:
Luni-solare Eintagstide K1 23.93
Hauptmondtide Ol 25.82
Hauptsonnentide P1 24.07
Langperiodische Tiden:

14-tagige Mondtide Mf 327.86




Gezeiteneffekte

Meeresgezeiten
kompliziert, wegen Land-See-Verteilung und lokalen Resonanzen
Weltrekord: Bucht von Neufundland — Hubhohe bis 21 m
Gezeitenkraftwerk ,,La Rance®, Bretagne
Wassergezeiten
Genfer See: bis 2 mm Hub (W-Ende); Chiemsee: bis 1 mm
Boren in Fliissen: Amazonas bis zu 5 m (6.5 m/s), Tsien-tang bis 8 m
Atmosphirengezeiten:
vor allem durch Strahlung, Gravitationseffekt viel kleiner
lunare Perioden im Erdmagnetfeld zu sehen
Gezeiten der festen Erde:
Hohendanderungen (<0.5 m, Schwereanderungen (1/10 000 000 g),
Neigungen (20 msa), Deformationen (< 1/10 000 000),
Spannungen (< 40 hPa), Brunnenspiegel (~ 10 cm) u. a.
Rotationsschwankungen
Triggerung ?
Andere Himmelskorper:
Mondbeben, Io, Europa, Shoemaker-Levy (Roche-Limit)
Gezeitenreibung:
Mond, weitere Resonanzen, Bremsung der Erdrotation
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Abb. 35. Gezeitenkurven fiir den Monat MiEirz 1936. (INach den IDeut
schen Gezeitentafeln fiir das Jahr 1940, Bd. 11, Berlin 1939).
‘- ), &.  : Mondphasen; IWVW: grolBte ndrdliche, 5 : groBre sudlich
IDeklination des MNWiondes; 0= ﬂquatcrdurchgang des NMondes.
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Abb. 48. Gezeitenkarte der Nordsee fiir die Hauptmondtide A4, (nach

W, Hanser). : Die mit Uhrzeiten bezifferten Flutstundenlinien

(Eintrittszeit des Hochwassers so viel spiter als der Durchgang des

Mondes durch den Meridian von Greenwich). Die gestrichelten Iinien
sind Linien gleichen mittleren Tidenhubes in Metern.




Gezeiten-in. Seen und kleineren Meeresbecken

Springtidenhube
Seen:
Chiemsee 14 km W-Ende 0.1 cm
Genfer See 61 km W-Ende 0.2 cm
Plattensee 77 km W-Ende 6.5 cm
Erie-See 378 km W-Ende 8.0 cm
Lake Michigan 550 km S-Ende 7.3 cm
Lake Superior 650 km W-Ende 5.9 cm
Baikal-See 665 km 8.2 cm
Meeresbecken:
Adria 820 km N-Ende 37.5 cm
Schwarzes Meer 1191 km E-Ende 8.2 cm
QNN 1475 km W-Ende 4.0 cm
Ostl. Mittelmeer 2392 km E-Ende 11.3 cm
Westl. Mittelmeer 2020 km E-Ende 15.0 cm
Zum Vergleich:
Bay of Fundy 2100.0 cm
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Phases of operation of tidal power plant without pumping
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Abb. 55. Bore auf dem Tsien-tang.






Figure 11.2. The Tide Predicting Machine (Gezeitenrechenmaschine ) built for the
Deutsche Hydrographische Institut at Hamburg just before World War I1, in its
temperature-controlled room. With 62 harmonic components, it was the largest (and
heaviest) TPM ever built. The designer, Heinrich Rauschelbach, is standing in front of his

machine. (Photograph by courtesy of Bundesamt fiir Seeschiffabrt und Hydrographie,

Hamburg,)
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Figure 16: (a) High-pass filtered and air pressure reduced well level data and (b) theoretical tidal B.0x80 s,
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No Clear Evidence for Temporal Variations of Tidal Tilt Prior to the 1999
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Fig. 4. Variatons with annual and semi-annual periods are a common feature of the M2-tidal tilt

response function at site SAM. No seismically induced anomalies can be resolved against this
background. A long term trend, not seen in the component (EW) parallel to the main fault, is supposed
to be related to geology; a connection to the 1999 earthquakes, however, remains speculative.
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Figure 15.4. Fluctuations in Universal Time (UT1) recorded hourly by a VLBI network
from 11 to 26 January, 1994 — spots with standard error limits — compared with two similar
syntheses computed from independent models of four diurnal and four semidiurnal tide
constituents — continuous lines. Vertical scale in microseconds. A low-order polynomial
trend has been subtracted from all data. (Courtesy of R.D. Ray.)
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Aelting of o by Tidal Digsipation

n Jupiter's satellive lo is likely 10 have
Abstract. The dissipation o tidal energy in Jupiter's sarellire | )

. 0] y molten interior may
elted a major fraction of the mass. Consequences of lar}qd) 0 ,
10's surfuce re Voyager
¢ evident in pictures of los stirfuce re by Voyag
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Voyager I took this photo of Jupiter and two of its satellites (lo. left. and Europa) on February 13, 1979, lo is about 350,000 km
(220,000 miles) above Jupiter's Great Red Spot: Europa is about 600,000 km (375,000 miles) above Jupiter’s clouds. Although both satel-
lites have about the same brightness. 1o's color is very different from Furopa's. lo's equatorial region shows two Lypes of material—
dark orange. broken by several bright spots—producing 4 mottled appearance, The poles are durker und reddish. Preliminary evidence
suggests color variations within and between the polar regions. lo's surface composition is unknown. but scientists believe it may be a
mixture of salts and sulfur, Europa is less strongly colored. although still relatively dark at short wavelengths. Markings on Europa are
less evident than on the other satellites, although this picture shows darker regions toward the trailing half of the visible disk. Jupiter is
alhm_n 20 million km (12.4 million miles) from the spacecraft. At this resolution (about 400 km or 250 miles) there is evidence of circular
motion n Jupiter’s almosphere. While the dominant large-scale motions are west-to-east. small-scale movement includes eddy-like circu-
lation within and between the bands. This photo was assembled from three black and while negatives by the Image Processing Lab at
Jet Propulsion Laboratory, JPL manages and controls the Voyager project for NASA's Office of Space Science
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FEuropa’s Tides and Possible Hidden Liquid Ocean-With New
Simulations on Different Orbit Configurations and Non-Global
= Ocean Basins
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California Institute of Technoiogy,

Jet Propulsion Laboratory,
Drive, Pasadena, CA 91109, U.S.A.

MS 238-600, 4800 Oak Grove
3. 2001)

(Received September 27, 2000; Revised December 26, 2000; Accepted January

A bstract

Observations of Europa suggest that the Jovian satellite may have a liquid water

ocean under its surface ice shell. One possible way to detect the ocean is to measure
jations by precise Doppler tracking and lase timetry

tidal gravity and ;Q%ow= aphy varia aser altimetry
during the planned uro%a Orbiter Mission. Another way to detect the global ocean
is to rmeasure the likely difference between the 3.55-day libration amplitudes of the ice

shell and rocky mantle beyond statistical doubt.
Covariance analyses are carried out to determine measurement accuracies for ko,
gravity fields and librations in longitude for the ice shell and rocky mantle, epSch
orbit states and other Parameters. The analyses use 15 days of X-band two-way
Doppler tracking from 2 or 3 Earth stations with various possible orbital altitudes and
inclinations. The uncertainty obtained for the epoch radial orbit position here can
alse be used to assess altimeter measurement accuracy. The possibility of non-global

acean basins and its consequence in tidal gravity measurements are also discussed.




Fluid Core Size of Mars from
Detection of the Solar Tide

C. F. Yoder,* A. §. Konop[iy'* D. N. Yuan, E. M. Standish,

W. M. Folkner

SCIENCE VOL 300 11 ApR
The solar tidal deformation of Mars, measured byitsk, potential Love number, has beer;
obtained from an analysis of Mars Global Surveyor radio Uad<ing. The observed _IEZ 0
0.153 = 0017 is large enoughtarule out a solid iron core and so indicates that at least

the outer part of the coreis liquid. The inferred core radius is between 1520 ar}d 1 84?
kilometers and is independent of many interior properties, although partial mett
of the mantle is one factor that could reduce core size. ice-cap mass changes
can be deduced from the seasanal variations in air pressure anq the odd gravity
harmonic /,, given knowledge of cap mass distribution with latitude. The south
(ap seasonal mass changeis about 30 to 40% larger than that of the north cap.







Danke fur's Zuhoren und
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Ich bin gerne bereit, Fr eantworten
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Schematical Interpretation of Tidal Signal
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Auflosung

« Schwerevariationen bzw. Vertikalbeschleunigungen

892 g1 = : (1)
g 1000000000000

Stiindig angeregte elastische Resonanzen der Erde, durch At-
mosphérendruckschwankungen (?) im Periodenbereich von
150 - 500 Sekunden.

Entspricht Schwerebeschleunigung durch einen Singvogel

(100 g) im Abstand von 1 m

Beispiel: BFO LCR-ET-19 gravimeter

« Neigungen und Deformationen

Al 1
— =10""= 2
L 100000000000 @

Torsionale Grundschwingung (Verdrillung) der Erde mit 44
Minuten Periode, nach den stidrksten Erdbeben.

Diese relativen Verschiebungen entsprechen:

— 4 mm auf dem Mond von BRD aus gesehen,

— Papierblattdicke (1/10 mm) auf Strecke BRD - Beijing,

— 1/100 mm auf Strecke Ziirich - Kopenhagen

— 1/1000 mm auf Strecke Go6ttingen - Hannover

Beispiel: BFO (Widmer u. a.)
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Figure 2  Schematic diagram of the cleft
strainmeter.

b) One week segments of tidal data from the D37 (a) and cleft (b) strain-
meters respectively.
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