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Introduction. All Galilean satellites are in syn-
chronous rotation; their orbits are nearly circular and
lie in the equatorial plane of Jupiter. lo is the large sat-
ellite closest to Jupiter. Therefore, the influence of the
Jupiter’s tidal potential on the equilibrium figure and
gravitational field of Io is appreciably stronger than it
is on the remaining large satellites. For the theory of
Io’s figure to be consistent with currently available
observational data, it must include effects of the second
order of the small parameter [1].
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where p,, T, M, , and §, are the mean density, rota-
tion period, mass, and mean radius of lo, respectively,
G is the gravitational constant, M is the mass of

Jupiter, R is the radius of the satellite orbit. The nu-
merical value in (1) was obtained using data from Ta-
ble 1.

Table 1. Observational data and the model parameters
for Io

Parameters lo
Orbital radius R , 10° km 421.6
Period 7, days 1.769
s, , km 1821.6 0.5
my, 107 g 893.2
Py, gem’ 3.5278 +0.0029
8. cms” 179
3z _
a=—",10" 171.37
Gp,v
C
3 0.37685 + 0.00035
m,s,
J,,10° 18459 +4.2
C,,10° 5537412
Jupiter’s mass M , 10 g 1.897

Principal formulas. A remarkable achievement of
the successful Galileo mission was the determination of
the first coefficients in the expansion of the gravita-
tional field in terms of spherical functions for the Gali-
lean satellites and the proof that their figures are actu-
ally in hydrostatic equilibrium [2]. The Love number

k, in [2] was found by using the observed value of

gravitational moment C,, = (553.7+1.2)x10™°:
k, =4(C,/a) =1.2924+0.0027 )

To determine the dimensionless moment of inertia
Anderson et al., [2] used a formula valid in the Radau
approximation for a satellite in hydrostatic equilibrium
from the book by Jeffreys [3]
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Let us now explain the meaning of formula (3),
which was used by Anderson et al., (2001) to constrain
the moment of inertia of lo. Recall how this formula
was derived. For the equilibrium figure of a rotating
planet or satellite in the Rado approximation, the
Radau-Darwin formula is valid (see, e.g., Zharkov and
Trubitsyn 1980; formula (32.20))
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where C is the polar moment of inertia, M is the

mass, @, is the equatorial radius, J, is the quadrupole

moment, and & (1) is the small parameter of the rotat-
ing equilibrium planet. Zharkov et al. (1985) showed
that for a synchronously rotating equilibrium satellite
in the field of the tidal potential in the furst approxima-

tion, the equilibrium quadrupole moment J, of the
body under consideration is the sum of the part attrib-
utable to the tidal potential J,, = 0.5ak, and the part

attributable to centrifugal potential J,, =1/3ak, :
5
J,=J,,+J, :gakz. (5)

Formula (3) is obtained if we substitute not J,

(5) but only the part of J, , more specifically, ./, into

(3). Thus, it refers to an equilibrium rotating planet or
satellite, i.e., to a similar but not the same problem
studied here. Therefore, it would be natural to use the
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Love number k, or h, =1+k, as a constrain when

modeling any Galilean satellite.

Conclusions. In the report there are considered
two (Fe-FeS core + silicate mantle) and three (Fe-FeS
core + silicate mantle + crust) layers models of Gali-

lean satellite Io. Two parameters 0, — average density
and the Love number k2 for equilibrium figure of sat-

ellite are known. With help of theory of figure formu-
las there were obtained the principle moments of iner-

tia 4, B, C and the mean moment of inertia / for

two and three layers models of Io using only o, and

k, as boundary conditions. We conclude that when
modeling the internal structure of lo, it is better to use
the observed value Kk, rather than the moment of iner-
tia derived from k2 with help of the Radau-Darwin

formula.

We calculated the periods of the Chandler wobble
for considered models. This period is equal approxi-
mately to 460 days for three layers model.

Acknowledgements. This work was supported in
part by the Russian Foundation for Basic Research
(project no. 03-02-16195), The program no.13 of the
Presidium or RAS, and by The Russian Science Sup-
port Foundation (http://www.science-support.ru/).

References. 1) Zharkov V.N., Astronomy Letters,
Vol. 30, No. 7, 496 — 507, 2004. 2) Anderson J.D.,
Jacobson R.A., Ian E.L., Moore W.B., and Shubert G.,
J.Geophys.Res., 106, (E12), 32936 — 32969, 2001. 3)
Jeffreys H. The Earth (Cambridge Univ. Press, Lon-
don), 1962. 4) Zharkov V.N. and Trubitsyn V.P., Phys-
ics of Planetary Interiors (Pachart, Tuscon), 1978. 5)
Zharkov V.N., Leontyev V.V., and Kozenko A.V. Ika-
rus 61, 92 — 100, 1985.


http://www.science-support.ru/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


