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     Introduction: Measurements of the intrinsic 
magnetic field of a planet can provide important 
constraints on its interior properties. The strength of 
the field may reflect the energy available to drive the 
interior dynamo. The harmonic content seen above 
the surface should reflect the depth of the dynamo 
region and the secular variation of the field can reveal 
the fluid motions in the core. The rotation rate of the 
field structure (e.g. the dipole moment projected on 
the rotational equator) can provide a quite accurate 
measure of the rotation rate of the interior. To model 
the field, we use a series of Schmidt-normalized 
Legendre polynomials of degree n and order m. There 
are 3 dipole terms, 5 quadrupole terms, 7 octupole 
terms, etc. In order to accurately determine a 
planetary magnetic field, we need observations as 
close as possible to the “surface” of the body with as 
complete coverage in latitude and longitude as 
possible. A measure of the quality of the orbital 
coverage is the condition number, which is the square 
root of the ratio of the largest to smallest eigen value 
of one of the matrices used in the Singular Value 
Decomposition (SVD) technique for the inversion of 
a planetary magnetic field. 
     Previous Work: Many space missions have 
contributed to the exploration of Jupiter’s magnetic 
field. The flyby mission with the best (lowest) 
condition number is Pioneer 11 that approached 
Jupiter within a distance of 1.6 planetary radii and 
circled the planet in a retrograde direction covering a 
wide range of longitudes. Another way to obtain a 
good condition number is to orbit the planet and 
make measurements over a wide range of latitudes. 
The Galileo mission is the only mission to date to 
orbit Jupiter. Its measurements have recently been 
used to find a more precise rotation period [9h 55m 
29.704 ± .003s] [1] and to constrain the secular 
variation of the field [2]. However, Galileo remained 
close to the rotational equator over most of the 
mission. To obtain a homogeneous time series of 
condition numbers and therefore a more constant 
accuracy for inverted field, this latter study restricted 
itself to just 7 of the 8 dipole plus quadrupole 
Legendre coefficients for the internal field. With this 
constraint, only an improved rotation period was 

found. Otherwise the field seems to exhibit little if 
any secular variation. 
     Limitations of Previous Work: A limitation of 
this study was that it was executed using data in the 
current carrying portion of the magnetosphere. Not 
only are these currents varying much more rapidly 
than the fields inside Jupiter and adding noise to the 
solution, but the equations used to derive the model 
assume that there are no current flows in the region 
being probed. If there are currents then a vector 
potential must be used to model the field and not a 
scalar potential as used in the Legendre polynomial 
expansion. The recent Galileo study used data from 6 
to 15 jovian radii where currents are produced by the 
volcanically-derived plasma mass loading at Io, and 
the additional loss of atmosphere of Europa and 
Ganymede. 
     The Scalar Potential Region: There are data that 
have not yet been used that are inside the nominal 
potential field region. Some of these data were 
obtained on the initial insertion orbit in 1995. A 
significant fraction of these data are not despun 
because the spinning spacecraft’s star sensor was 
inoperative. Other data were obtained after the study 
of Yu (2004) was completed. These passes include 
the Amalthea flyby and the final plunge. There also 
may be short segments of data just inside the orbit of 
Io on other orbits. 
     This Work: In this paper we examine these 
previously unexplored data sets interior to the Io orbit 
to determine their suitability for modeling the internal 
jovian field more accurately than previously possible 
and to compare the condition numbers of this field 
inversion with those of Pioneer 11 to determine if the 
secular variation can also be found to higher degrees 
than attempted previously.  
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