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Introduction: Mars Global Surveyor MAG/ER measured
strongly magnetized crust; despite Mars’” weak field at present,
the intensity reaches about 10 times that of Earth’s magnetic
lineations. We analyze the magnetic lineations in an octant
centered at 40°S, 180°W £40°, concentrated in the more
heavily cratered Southern hemisphere. Data was used from the
mapping phase of Mars Global Surveyor, MAG/ER magnetic
measurements at altitudes of 404 +34 km (made available by
Connerney conveniently binned into degree boxes [1]).

Using a rotated spherical co-ordinate system centered at
40°S,180°W, we perform a two-dimensional Fourier anal-
ysis over this region, the area with strongest magnetic lin-
eations.This can be shown to be a good approximation: results
can be used to reconstruct the original components as a check
on the co-ordinate transformation. The advantage of this co-
ordinate system is the lack of distortion; it extends 40 degrees
in each direction about the center. The vertical component,
B, shown in Fig. 1 has been extrapolated from satellite level
to 100 km by downward continuation. The results agree very
nicely with the more sparse data from the initial aerobraking
phase of MGS at about 100 km altitude [2], and the more
complete, mapping-phase coverage fills in the data gaps. The
magnetic field components can be described by the curl of a
vector potential or the gradient of a scalar potential.
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Figure 1: The vertical component of the magnetic field Br ex-
trapolated downwards from 400 km to 100 km using a fourier
transform. The result agrees very well with aerobraking data
at 100 km [1] and also fills in data gaps. Map is centered at
40°S,180°W +40°, extending 40° in each direction. Latitude
and longitude lines are shown for reference; the geographical
coordinates of each of the corners is given.

Analysis: The scalar potential is constructed from the ver-
tical component, taking the Fourier transform and dividing by
the vertical wavenumber [3]. This potential shown in Fig. 2

has also been extrapolated to 100 km. The vector potential,
though more challenging to present, is more intuitive in the
sense that it represents the field as a swirl around an axis rather
than a flow from a (non-existent) monopole to another oppo-
site monopole as the scalar potential does. The vector potential
(Fig. 3) shows abrupt changes in direction which suggest dif-
ferent ages of magnetization or demagnetization for adjacent
regions. The scalar potential does not hint at this. Finally, the
vector potential enters directly in Shroedinger’s equation [4,
pp. 74-79; 310-315] and would cause energy and angular mo-
mentum transitions and so magnetic realignments for capturing
a thermal event. The scalar potential does not appear in this
equation and so seems just a convenient mathematical device:
from a single scalar field the 3 components of the magnetic
field are easily derived as gradient components. Cain [5] has
constructed a 90 degree and order global spherical harmonic
model of the scalar potential, but does not specifically discuss
this region. Another planetary model, a 50 degree spherical
harmonic analysis, [6] for Mars’ magnetic field finds a equidi-
mensional pattern of the magnetization rather than lineations
characteristic of reversals.
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Figure 2: The magnetic scalar potential obtained from the ver-
tical component of the magnetic field using a fourier transform
and extrapolated downwards from 400 to 100 km. The gradi-
ent components of this field replicates the horizontal compo-
nents of the magnetic field almost perfectly. Map projection
asinFig. 1

Magnetic Potentials: The magnetic potentials (as well
as the original magnetic fields) are extrapolated downward
from satellite level at 400 km to 100 km and to the surface.
The scalar potential is especially attractive as it can be obtained
from the Fourier transform of the vertical magnetic component,
B,. The gradient of scalar potential generates the horizontal
magnetic components which can be compared with the origi-
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