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The magnetometer and electron reflectometer investigation (MAG/ER) on the Mars
Global Surveyor spacecraft has obtained magnetic field and plasma observations
throughout the near-Mars environment, from beyond the influence of Mars to just above
the surface (at an altitude of ;100 kilometers). The solar wind interaction with Mars is
in many ways similar to that at Venus and at an active comet, that is, primarily an
ionospheric-atmospheric interaction. No significant planetary magnetic field of global
scale has been detected to date (,2 3 1021 Gauss–cubic centimeter), but here the
discovery of multiple magnetic anomalies of small spatial scale in the crust of Mars is
reported.

The Mars Global Surveyor (MGS) mag-
netic field experiment is identical to that
developed for the Mars Observer Mission
that failed to achieve Mars orbit in 1993
(1). The instrumentation provides fast vec-
tor measurements (up to 16 samples per
second) of magnetic fields over a dynamic
range of 0.005 to 65,536 nT per axis. The
fundamental objectives of this investigation
are to establish the nature of the magnetic
field of Mars, to develop appropriate models

for its representation, and to map the crust-
al remnant field to a resolution consistent
with spacecraft orbit altitude and ground
track separation. The instrument comple-
ment includes two redundant triaxial flux-
gate magnetometers and an electron reflec-
tometer (1). The vector magnetometers
provide in situ sensing of the ambient mag-
netic field in the vicinity of the MGS
spacecraft over the automatically selected
full-scale ranges of 64 nT to 665,536 nT,
with a digital resolution of 12 bits. The
electron reflectometer measures the local
electron distribution function in the range
of ;1 eV to 20 KeV and will remotely sense
the strength of the magnetic field down to
the top of the martian atmosphere using
directional information provided by the
vector magnetometer. This synergistic com-
bination was designed to increase the sen-
sitivity and spatial resolution achievable
from martian orbit with the vector magne-
tometer alone. Electron reflection magne-
tometry was first used on measurements
from Apollo 15 and 16 Particles and Fields
subsatellites (2).

Unlike Mars Observer, MGS lacks a
boom to separate sensors from the space-
craft body to reduce interference by space-

craft-generated magnetic fields. Instead,
each magnetometer sensor is placed at the
outer edge of the articulated solar panels,
about 5 m from the center of the spacecraft
bus. The electron reflectometer sensor is
mounted directly on the spacecraft nadir
panel. This “twin magnetometer” configu-
ration does not allow the real-time estima-
tion of spacecraft fields (3) but provides
redundancy and the near real-time detec-
tion and identification of spacecraft-gener-
ated magnetic fields. This instrument con-
figuration required the design and imple-
mentation of magnetically “clean” solar ar-
ray panels, which are used for aerobraking
of the MGS spacecraft to achieve the final
mapping orbit and are articulated about two
orthogonal axes with respect to the space-
craft bus. Therefore, the orientation of the
magnetic field sensors with respect to the
spacecraft is variable and follows that of
the solar panels, which are controlled to
satisfy a variety of engineering require-
ments. The estimated accuracy of the
measurements reported here is 60.5 nT
before and after reconfiguration of the
spacecraft for aerobraking, and 63 nT
during the aerobraking phase. The magne-
tometer and electron reflectometer
(MAG/ER) designs have extensive space
flight heritage, and similar versions have
been flown in numerous planetary and
space physics missions. The instrument is
operating nominally, and 2 to 16 vector
samples per second of magnetic field data
are acquired, depending on the telemetry
rate supported by the telecommunication
system.

The MGS spacecraft was inserted ini-
tially into a highly elliptical orbit with
apoapsis .10 Rm (1 Rm 5 Mars equatorial
radius 5 3397 km) and periapses as low as
112 km above the surface. The significant
advantages of aerobraking orbits to the
MAG/ER investigation were recognized
early in the planning of the observations. In
these orbits the spacecraft dips below the
bottom of the martian ionosphere, allowing
the MAG/ER experiment to achieve high
sensitivity and spatial resolution for the de-
tection of weak crustal fields. In addition,
high plasma densities expected at these low
altitudes required a different measurement
technique, so a Langmuir probe operational
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mode was added to the electron spectrom-
eter, by using the outer case of the electro-
static analyzer as a swept bias collector.

We report here results obtained during
the first 83 aerobraking orbits of MGS. The
initial orbit plane was essentially normal to
the Mars-sun direction, with a highly in-
clined line of apsides that placed the peri-
apsis at 30° to 35°N latitude. As of orbit 83
(5 January 1997) the apoapsis radius has
been reduced to 7.2 Rm, the orbit has pre-
cessed in local time to about the 2 a.m.–2
p.m. plane, and the latitude of periapsis has
increased to 43°N with a typical altitude
range of 108 to 120 km.

Solar wind interaction. As the space-
craft approaches the planet, it first encoun-
ters the bow shock at a distance of 2.33 Rm
(12:33:24 UT) where the MAG/ER ob-
serves energized electrons, a sudden in-
crease in magnetic field strength, and fluc-
tuations associated with the shock crossing
and martian magnetosheath (Fig. 1). The
magnetic field on the day-side sheath re-
gion is turbulent, as determined by Phobos
(4), the plasma is strongly energized, and
the shock strength approaches the theoret-
ical maximum. The behavior of the mag-
netic field as the spacecraft transits the
ionosphere inbound and outbound implies
that the solar wind is interacting directly
with the martian ionosphere and neutral

atmosphere in a Venus-like interaction
rather than in a magnetospheric interaction
(5). The decrease in magnetic field magni-
tude within the ionosphere and the low-
altitude magnetic field peak seen inbound
(Fig. 1) just above the lower ionospheric
boundary are typical characteristics of the
Venus–solar wind interaction. The low
field strength below the ionosphere (Fig. 1)
rules out the possibility of a planet-wide
magnetic field capable of providing a mag-
netospheric obstacle.

A mirror image signature, similar to the
inbound leg, is observed on the outbound
trajectory and bow shock crossing at 2.51
Rm (13:59:23 UT) (Fig. 1). At the begin-
ning of the MGS aerobraking phase the
spacecraft’s orbital plane is oriented nearly
parallel to the terminator plane, where the
bow shock crossings are roughly symmetric
inbound and outbound (Fig. 1). As the
orbit precesses in local time, the inbound
bow shock crossing is encountered tailward
whereas the outbound crossing is encoun-
tered sunward of the dawn-dusk plane, giv-
ing rise to an asymmetry in the observed
magnetic field and plasma profiles.

The locations of all well-defined bow
shock crossings for the first 83 orbits reveal
a shock surface that deviates from the av-
erage shape derived from previous Mars
spacecraft observations (Fig. 2) (6). These

data represent an extensive set of observa-
tions of bow shock positions above and
below the ecliptic plane of Mars. Several
authors (7, 8) have noted the apparent
independence of the martian bow shock
position on upstream dynamic pressure. Be-
cause our data were obtained near solar
minimum, one possible explanation is that
the bow shock shape depends on solar ex-
treme ultraviolet (EUV) flux (5). However,
Slavin et al. (6) found no evidence for a
solar cycle effect between mid-solar cycle
(Mars 2, 3, and 5) and solar maximum
(Phobos 2). Because we now know that the
obstacle is the ionosphere and neutral at-
mosphere, another possibility is that the
bow shock surface is asymmetric about the
Mars-sun line because of obstacle asymme-
tries that have been theoretically predicted.
Cloutier et al. (9) described two possible
sources of asymmetry associated with plan-
etary photo-ion pickup: one associated with
the convection electric field, accelerating
ions inward in one hemisphere and outward
in the opposite hemisphere, and the other
associated with the changing of the angle
between the velocity and magnetic field
vectors with magnetic latitude. The kine-
matics of newly ionized planetary exo-
spheric neutral atoms (primarily O1) with
large gyroradii could be important in defin-
ing the morphology of the Mars–solar wind
interaction, and predicted asymmetries of
O1 ions have been observed at Venus (10).
Viscous effects of solar wind flow over the
ionosphere can also produce asymmetric
drag (11). A kinematic model by Brecht
(12) produced an asymmetric shock flaring
also aligned with the convection electric
field, as might be expected from the O1

mass loading asymmetry. It is therefore ex-
pected that the bow shock position may
respond to variations in the solar wind and
interplanetary magnetic field orientation.
The limited data set available to date pre-
cludes a definitive correlation of the bow
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Fig. 1. Electron and magnetic field observations for day 262 (orbit 5). Electron fluxes (in units of cm22

s21 sr21 eV21) are shown as line traces at five energies (10, 50, 130, 300, and 1000 eV; top to bottom,
upper panel) and as a color spectrogram (second panel) with the relative density of cold (,10 eV )
electrons superimposed by using the same number of logarithmic intervals as the spectrogram’s energy
scale. The next three panels show the magnetic field amplitude and root means square (RMS) and the
spacecraft altitude. Vertical lines indicate the locations of the bow shock (BS), magnetic pile-up bound-
ary (MPB), and ionospheric main peak (Nm).
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Fig. 2. Location of Mars bow shock crossings
observed by MGS during the first 83 orbits. Dis-
tance (r) from the Mars-sun line (1x direction) is
given for all bow shocks identified inbound (1)
toward periapsis and outbound (*) from periapsis.
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