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Prior to the data collection by Magsat nearly a
quarter century ago, magnetic missions in Low Earth
Orbit (LEO) had already achieved some success to im-
prove the pre–space era knowledge of the spatial and
temporal structure of the geomagnetic field. The rel-
atively accurate vector observations of Magsat was a
step upward in this comprehension. These data were
extensively exploited to better understand the dynam-
ics of the ionospheric current sources and the details
of the small scale structure of the field, as well as ob-
taining a firm point in time useful for secular variation
studies. This review explores the advances that have
been made over this time span to the present more com-
prehensive set of observations by multiple spacecraft in
LEO, and the uncertainties that remain that might be
addressed by future missions. These present and future
missions are seen to have the capability to better un-
derstand not only the classical geomagnetic field struc-
ture and sources of the observed variations, but also
the dynamics of the interactions with the neutral at-
mosphere as it responds to input from the sun. While
the solar–weather connection still seems elusive, a full
understanding of the physics of these complex processes
at LEO may eventually shed light on this issue. The in-
creasing span of accurate global magnetic observations
in time also furthers the possibility that we can better
define the electrical structure of the deep earth as it
responds to imposed magnetic variations. Finally, the
added decades of observation should help sort out the-
ories of the core dynamo generation of the main field.
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There can be little doubt that geomagnetic measure-
ments have had an enormous impact on Earth science
in the last four decades. The International Decade of
Geopotential Field Research has encouraged the devel-
opment of an international constellation of geomagnetic
satellites providing the most detailed geomagnetic field
measurements ever. The can look forward to New com-
prehensive models of the magnetic field are separat-
ing field sources with ever more accurate and complete
models of the magnetosphere, ionosphere and ocean cir-
culation and geodynamo. In the past geomagnetic field
analysis have been constrained by incomplete global
measurements. We now have the data and the mod-
eling capability to perform combined analyses of space
geodetic, time variable gravity field data in conjunction
with these high resolution geomagnetic field models in
pursuit of a better understanding the structure and dy-
namics of Earth’s interior.
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ESPERIA is an equatorial space mission planned
with a LEO small-satellite and a multi-instrument pay-
load. The project has been ideally conceived to define
the near-Earth electromagnetic, plasma, and particle
environment, both in steady-state and perturbed-state
conditions. In recent times has been observed that ei-
ther Earth’s interior processes or near-Earth space phe-
nomena have a privileged and sensitive zone of inves-
tigation constituted by the ionosphere-magnetosphere
transition region, at altitudes ranging around 500 ÷
1000 km. In fact, sun and cosmic rays as well as, seis-
mic, anthropogenic and thunderstorm activities, influ-
ence the structure and dynamics of the zone. These ex-
ternal and internal contributions play an important role
in defining the particle and electromagnetic field char-
acter of the region, both in steady-state and perturbed-
state conditions. So, a suitable monitoring of the top-
side ionosphere may give an help in studying many
important physical phenomena as pre-earthquake and
anthropogenic electromagnetic emissions, solar wind
and flares, as well as in mapping the geomagnetic
field. Concerning the Earth’s magnetic field mapping,
ESPERIA can be seen as an equatorial coordinated
and simultaneous complement to polar missions, like
SWARM. The first step in realizing the project was an
opportunity given by the Italian Space Agency (ASI)
for a Phase A Study, concerned with detecting any
tectonic and preseismic related signals, and studying
seismo-associated perturbations and instabilities in the
topside ionosphere. The study has been performed
by an International Consortium lead by the Univer-
sity Roma Tre, and the ESPERIA Phase A report is
now available. The ASI constrains restricted the sci-
entific objectives of the above-mentioned ideally con-
ceived project, but recent contacts with other mis-
sions and science teams give indications to reconcile
the project to its original aims.
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High precision vector magnetic field measurements
using the Newmag magnetometer onboard the Aus-
tralian research microsatellite Fedsat, launched in De-
cember 2001, are being used to investigate the fine
structure of polar field-aligned currents, FAC, includ-
ing cusp currents, polar cap and substorm current sys-
tems during both geomagnetically quiet and storm-
time conditions. FedSat is in a sun synchronous 90.7
degree inclination polar circular orbit at 800km, and
NewMag has a survey sample rate of 10 vector sam-
ples/second and a burst mode sample rate of 100 vec-
tor samples/second. Fedsat-NewMag is therefore ca-
pable of identifying spatial structures within FAC re-
gions with scale sizes down to 75 m, and is thus ideally
placed to investigate FAC fine structure. In addition
to Fedsat magnetometer data, Oersted magnetic field
measurements, also with a burst mode sampling rate of
100Hz, are being studied at times of conjunction be-
tween the two satellites to resolve the ambiguity that
arises in single-satellite magnetic field measurements
when attempting to distinguish between spatial and
temporal variations. This research aims to commence
addressing a number of outstanding questions relating
to properties including, how do we distinguish between
temporal-spatial structures, what is the distribution of
FAC intensity as a function of spatial scale and what
determines where and when extremely thin and intense
current structures occur, and how are they affected by
geomagnetic storms. Initial results on these studies will
be reported.
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A Scalar Helium Magnetometer (SHM) built at the
Jet Propulsion Laboratory was included as part of
the Danish Magnetic Mapping Payload on the Argen-
tine/NASA Satellite Applicaciones Cientificas-C (SAC-
C) which launched in November, 2000. The SHM on
SAC-C comprises two orthogonal sensors (gas cells)
mounted at the end of an 8-meter boom. The SHM
data must be corrected for biases termed “light shifts”
that are an inherent characteristic of optically-pumped
devices. Properly calibrated, the SHM is expected to
achieve accuracy on the order of 1 nanotesla. The
real light shift is a constant that adds to the mea-
sured magnitude, whereas the virtual light shift has
a cosine dependency on the angle between the field
direction and the sensor optical axis. There are also
small offsets in the X, Y, and Z axes that are intrin-
sic to the sensors and also have a cosine dependency
on field direction. SHM data processed using the cor-
rection parameters obtained in a pre-flight calibration
produce poor agreeement with field models and near-
coincident passes of Ørsted and CHAMP; however, the
uncalibrated data generally agree well. We have ana-
lyzed a selected SAC-C quiet day data set ( Kp < 2)
spanning 2001-2003 to determine the optimal values of
the instrument biases. An inversion was performed to
derive the optimal correction parameters and to solve
for the off-nominal, and poorly determined boom ori-
entation about the Z-axis. The inversion minimized
the fit to the Comprehensive Magnetic Field Model - 3
(CM3) predicted field, coincident passes of Orsted and
CHAMP when available, as well as internal crossovers
of SHM tracks that were temporally proximal. The
CM3 model was also used to provide the field direc-
tion relative to the SHM sensors for the corrections.
The methods will be discussed, along with the result-
ing total field maps and their errors.


