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Introduction and Overview:  Orbital data from 

the Magnetometer (MAG) on the MErcury Surface, 
Space ENvironment, GEochemistry, and Ranging 
(MESSENGER) spacecraft have enabled the develop-
ment of a baseline time-averaged model for Mercury’s 
magnetosphere [1].  The model accounts for 80%-90% 
of the observed signal in the MAG data and includes 
external fields due to currents on the magnetopause 
and in the tail current sheet and an axisymmetric inter-
nal dipole field described by its average moment (190 
nT-RM

3) and its offset relative to the planetary center.  
The mean subsolar distance, RSS, of the magnetopause 
from the dipole origin is only 1.45 RM (where RM is 
Mercury’s radius, 2440 km), and thus the magnitude of 
the magnetopause fields are up to 40% of the dipole 
field at Mercury’s surface (Figure 1). 

 

 
Figure 1:  Mollweide projections in Mercury solar or-
bital coordinates, of magnetic field magnitudes pre-
dicted at Mercury’s surface for the (a) offset dipole and 
(b) magnetopause model fields [1].  The figures are 
centered on local noon and 0° latitude.  Grid lines are 
every 45° in latitude and every 6 hr in local time. 

Of interest here are time variations in Mercury’s 
magnetopause position and hence in the magnetopause 
fields that are driven by changes in solar wind dynamic 
pressure (Pram).  These can, in turn, induce currents in 
Mercury’s interior, in particular at the top of the large, 
highly conductive core, that oppose the time-varying 
external fields [2].   Thus, for example, an increase in 
Pram and corresponding decrease in RSS can result in 
induced core fields that will act to increase the dipole 
moment.  Periodic, annual variations in Pram with an 
amplitude of ~50% of the mean Pram are expected be-
cause of Mercury’s eccentric orbit.  Shorter-timescale, 
higher-amplitude variations in Pram also occur at Mer-
cury, in particular associated with coronal mass ejec-
tions (CMEs).  We use a magnetospheric model [1], 
together with a two-layer conductivity structure for 
Mercury [e.g., 3], to investigate the expected geometry 
and magnitude of induced field signatures, and we 
compare our predictions with MAG observations. 
 

Model Formulation:  We adopt a radially varying 
electrical conductivity distribution, specifically a two-
layer model with a core of conductivity σ0 (~106 S/m) 
and radius RC, overlain by an insulating silicate shell. 
For finite silicate conductivites similar to those of ter-
restrial mantle materials (e.g., 10-2 S/m [4]), the char-
acteristic time for external field variations to diffuse 
into the core is ~1 h.  Thus for longer variations, induc-
tion in the mantle and crust is negligible relative to that 
in the core.  Under these assumptions the transfer func-
tion between the induced and the inducing fields at a 
given period is: 

In
m

En
m = n

n +1
q2n+1   (1) 

where In
m and En

m are the induced and inducing field 
amplitudes, respectively, of spherical harmonic degree 
n and order m in the planetocentric local time frame,  
and q = RC / RM [3]. Importantly, MESSENGER has 
enabled a robust estimate of the radius of the outer 
boundary of Mercury’s liquid core, RC = 2023 km ± 29 
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km [5].  Note also that for sufficiently high σ0, σ0 does 
not explicitly enter the transfer function expression.  
 

Inducing field geometry and magnitude. The induc-
ing field geometry is obtained via a spherical harmonic 
expansion of the magnetopause fields predicted by the 
paraboloid model [1].  As that model describes only a 
static magnetosphere, we represent the temporally var-
ying magnetopause field by a series of quasi-static 
states and compute the spherical harmonic expansion 
of the magnetopause field at distinct RSS values over a 
range corresponding to that observed in MESSENGER 
MAG data.  The inducing field is dominated by the 
external g1

0 and g2
1 terms in the spherical harmonic 

expansion; the magnitudes of these terms depends on 
RSS.  RSS values for magnetopause crossings observed 
on each orbit of MESSENGER around Mercury [5] 
have been calculated using the magnetopause shape [6] 
and are shown in Figure 2.  Most RSS values are within 
~0.15 RM of the mean RSS and reflect the annual varia-
tion in RSS due to changes in solar wind pressure that 
result from Mercury’s varying heliocentric distance.  
Extreme values in RSS can occur during anomalously 
low or high Pram conditions.  RSS values close to, or 
below, the planetary surface likely also reflect the ef-
fects of reconnection [7]. 

 
Figure 2:  Histogram of RSS values computed from 
magnetopause crossings for the first 440 days of 
MESSENGER MAG data.   
 

Induced Fields.  The transfer function in equation 
(1) predicts that the magnitudes of the induced to in-
ducing fields are 29%, 26%, and 20% for spherical 
harmonic degrees 1, 2, and 3, respectively.   Thus the 
induced field will be dominated by the spherical har-
monic coefficients g1

0 and g2
1 coefficients reflecting 

the inducing field geometry and the magnitude of the 
transfer function.   We find that the annual signal in 
RSS (1.3 RM < RSS < 1.6 RM) predicts variations in g1

0 of 
up to ~15 nT, or, equivalently, variations in the dipole 
moment of up to ~15 nT-RM

3.  Under extreme varia-
tions in RSS (e.g., from 1.1 RM to 1.9 RM), variations in 

g1
0 of up to ~35 nT are expected.  Induced signals in 

g2
1 are smaller: up to ~ 7 nT annually and ~18 nT for 

extreme variations in RSS. 
 

MESSENGER MAG Observations:  We focus 
our initial search for induction signatures on changes 
in the dipole moment, as these are predicted to be the 
largest induction signal. We look for changes on both 
the annual time scale and in association with shorter-
period, larger-amplitude changes in Pram occurring 
during the passage of known CMEs. 

For the annual signal we take two subsets of 
MESSENGER orbits at heliocentric distances close to 
perihelion and aphelion, respectively.   We use a mean 
value for RSS for each subset of orbits, and we compute 
the best-fit dipole moment to the observations using 
the assumed model formulation [1] and leaving all 
other model parameters as specified in that model.   If 
induction is occurring, we expect a difference in dipole 
moment of up to 15 nT-RM

3 between aphelion and per-
ihelion, with a higher dipole moment at perihelion 
(corresponding to the higher Pram and smaller RSS). We 
find that detection of an annual induction signature 
requires the use of only the quietest orbits, suggesting 
that other effects such as reconnection can mask this 
signal. However, using a few quiet orbits we find 
promising results:  orbits with an average RSS of 1.35 
RM yield a best-fit dipole moment of 185 nT-RM

3, and 
those with an average RSS of 1.7 RM yield a best-fit 
dipole moment of 195 nT-RM

3, in good agreement with 
predictions from theory.   

For extreme events we follow a similar procedure 
and calculate RSS for orbits before, during, and after the 
event.  The best-fit dipole moment is calculated on an 
orbit-by-orbit basis.   For one event on 23 November, 
2011 we find a change in RSS of 0.4 RM and an increase 
in dipole moment of 30 nT, again consistent with pre-
dictions from theory.  However, for several other 
events any induction signal is masked by reconnection 
and corresponding erosion of the magnetopause [8]. 
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