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The biggest world that goes around our sun 
has lots of smaller worlds that go around it.

Sun



One of the smaller worlds is covered in ice.



We found out that space shakes near the 
small world!

closest approach and the location of the max-
imum perturbation. If an internal field is the
dominant source of the perturbation, the poor
quality of the fit requires higher order multi-
poles in addition to the dipole moment. If
higher order multipoles are important, then
the range of surface field strengths will in-
crease. The relative amplitudes of the differ-
ent multipole moments give clues to the prob-
able source of an internal field. Large quadru-
pole moments as observed at Neptune (5) and
Uranus (6) are thought to indicate that the
field is generated in a shell at intermediate
depth in the planetary interior, not in the
core. The possibility of a source outside of the
core would be of special interest for Europa
which may have a liquid ocean in a shell
beneath the surface (7) where convection
could in principle drive a dynamo. However,
the likelihood of dynamo action in such a
shell is quantitatively improbable because it
requires unreasonably large convective flow
speeds (8).

We now consider what can be inferred
about the source of the magnetic perturbation
from the magnitude of the surface field and
the inclination of the dipole moment to the

directions of the spin axis V and of the am-
bient magnetic field. The spin axis direction is
also the direction of Jupiter’s field at Europa’s
orbit averaged over a full rotation of Jupiter.
Approximate alignment with 6V is likely for
a dynamo-generated internal magnetic field if
Coriolis forces are a dominant part of force
balance, although other styles of dynamo ac-
tion are possible. A dipole moment generated
as a paramagnetic response to an imposed
field, Bo, is likely to be aligned with 6Bo
although, because of Europa’s finite conduc-
tivity, there may be a phase lag between the
applied external field and the induced inter-
nal field which could account for different
alignments. In a paramagnetic response the
surface magnitude cannot exceed 3Bo (9),
providing a strict upper limit. Because this
upper limit occurs for infinite paramagnetic
susceptibility and planetary materials general-
ly have low susceptibility, this upper limit is
improbable.

With these considerations in mind, we can
compare the magnetic properties inferred
from Galileo measurements for the Galilean
moons other than Callisto (10), whose esti-
mated surface field is weak enough that local-

ized internal sources like magnetic anomalies
in the crust or purely external sources are
more probable than a source that is driven
within its interior. Io’s putative internal mag-
netic moment and Ganymede’s well-estab-
lished magnetic moment are rather closely
aligned antiparallel to the spin axis, V, con-
sistent with expectations for a core dynamo
(Table 1). The alignment is also parallel to
the ambient magnetic field, consistent with
symmetries expected for the response to an
imposed field and for the perturbations arising
from plasma currents. The surface field does
not exceed the upper limit for a paramagnetic
response, which is one reason why the inter-
pretation of Io’s signature (3) remains some-
what ambiguous. For Ganymede (2), the di-
pole moment makes an angle of 34° with the
ambient field, inconsistent with the response
to an imposed field and the surface field ex-
ceeds the upper limit for a paramagnetic re-
sponse (9). Europa is different because the
estimated dipole moment is not approximate-
ly aligned with the spin axis, but its orienta-
tion is not readily interpreted in terms of
currents coupling the moon with the magne-
tospheric plasma. Possible reasons for these
alignments include effects of higher order
multipoles, temporal phase lags in the re-
sponse to time-varying externally imposed
fields, comparable contributions from internal
sources and external plasma sources, or dom-
inant contributions from several different cur-
rent systems in the plasma.
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Fig. 2. Measured mag-
netic field and measured
and modeled magnetic
field perturbations at Gali-
leo during the closest ap-
proach to Europa. Trajec-
tory of Galileo past Europa
on 19 December 1996 in-
dicated by line with small
circles. The interval be-
tween circles is 5 min. The
trajectory is plotted in a
Europa-centered coordi-
nate system in which x is
along the direction of co-
rotational flow, z is parallel
to Jupiter’s spin axis (ap-
proximately parallel to Eu-
ropa’s), and y, radially in
toward Jupiter, is orthog-
onal to the other two di-
rections. Projections of
averages of the magnetic
field are plotted along the
trajectory projected (A, C,
and E) into the x-y plane
and (B, D, and F) into the
y-z plane. (A) and (B) are
50-s averages of the
measured field. A fit to
the trend of the back-
ground field data was
subtracted from the ob-
served field to provide
perturbations which are
plotted as 30-s averages
in (C) and (D). Projections
of the dipole fit are plotted as 30-s averages along the trajectory in (E) and (F). The background field of
Jupiter’s magnetosphere was southward-oriented, and its projections are indicated in (C) and (D). Closest
approach to Europa is ;06:53 UT.
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We didn't know if it always makes space shake 
the same way, or if the shaking changes.
If it always shakes the same way, 
then we think the small world is dry.

If the shaking changes, then the 
small world could be wet!

rock rock

waterice
ice



We went back later, and the shaking 
was different!

We think the shaking is different because 
there is water under the ice.

X. Jia et al.

Fig. 4 Galileo magnetometer data (three components and the field magnitude in nT) from the E26 flyby
of Europa for a range of ∼5 RE from Europa’s center. Data are shown in the EphiO coordinate system, in
which x̂ is along the corotating plasma flow, ŷ is radially in toward Jupiter and ẑ is parallel to Jupiter’s spin
axis. Black traces are the Galileo measurements. Green dashed curves, obtained from a polynomial fit to the
field components measured before and after the encounter, represent the background field without Europa
perturbations. Blue traces are computed from the dipole moment fit to the E4 pass. Red traces are predictions
from an induced dipole model without plasma effects. The figure is adapted from Kivelson et al. (2000)

2000). Data from all passes reveal that the internal field of Europa is dominated by a mag-
netically induced field and that the contribution from a permanent field is at most a minor
component (Schilling et al. 2004).

The induced dipole model consistent with the Galileo observations requires a global
shell of high conductivity near the moon’s surface capable of carrying substantial currents
(Khurana et al. 1998; Kivelson et al. 1999, 2000; Zimmer et al. 2000). Detailed constraints
on the properties of the conducting layer, such as the total conductance depending on the
thickness and the conductivity of the layer, can be derived from the inferred induced dipole
moment (Zimmer et al. 2000). If the induced field were generated in a conducting core
with an assumed size ≤ 0.5 RE, then the induced field strength would be only ≤ 1/8 of
the signal from a near-surface conductor. Such a weak near-surface field is inconsistent
with the observations. Another possible candidate for the required conductor is Europa’s
ionosphere, which has been observed by the radio occultation measurements (Kliore et al.
1997). However, the ionosphere is so tenuous that the estimated conductance, including
both the Pedersen conductance and the conductance due to ion pickup, integrated over the
whole ionosphere is too small (by several orders of magnitude) to carry the current needed
to produce the observed magnetic field perturbations. On the other hand, a layer of melted
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The big world makes space shake in different 
ways at different times near the small world.
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The big shaking goes into the water and 
comes back out, but smaller.



So when we see the shaking at the small 
world change, that's caused by the different 
shaking by the big world.



This is really cool because if the small world 
has water then it has some of the things 
needed to have life, like on our world.



We think it might have a lot of the other 
things needed for life too.

warm food



We're sending a computer to the small world 
to watch the shaking and find out for sure if it 
has all the things and how they got there.



The small wet ice world that shakes space

The biggest world that goes around our sun has lots of smaller worlds that go around it. One of the smaller 
worlds is covered in ice. We found out that space shakes near the small world! We didn't know if it always 
makes space shake the same way, or if the shaking changes. If it always shakes the same way, then we think 
the small world is dry. If the shaking changes, then the small world could be wet!

We went back later, and the shaking was different! We think the shaking is different because there is water 
under the ice. The big world makes space shake in different ways at different times near the small world. The 
big shaking goes into the water and comes back out, but smaller. So when we see the shaking at the small 
world change, that's caused by the different shaking by the big world.

This is really cool because if the small world has water then it has some of the things needed to have life, like 
on our world. We think it might have a lot of the other things needed for life too. We're sending a computer to 
the small world to watch the shaking and find out for sure if it has all the things and how they got there.
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