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Introduction:  Because Mars and Venus have no sig-
nificant global planetary magnetic field, terrestrial 
methods of sounding the crust and mantle cannot be 
employed.  Nevertheless the solar wind interactions 
with Mars and Venus develop a magnetic sheath or 
layer draped over the sunlit side of the planetary iono-
sphere and stretching in the anti-sunward direction.  
This magnetic layer is both strong and only slowly 
changing with time.  This layer provides the means of 
electromagnetically sounding the size of the metallic 
cores of Mars and Venus using existing missions, 
more accurately if supplemented with observations on 
the surface or in the case of Venus in the atmosphere.  
This sounding technique is similar in concept to the 
electromagnetic sounding of the Moon using Apollo 
subsatellite measurements of the induced dipole mag-
netic moment of the Moon when the Moon entered the 
lobes of the Earth’s magnetic tail, a low plasma energy 
density (i.e. low plasma beta) region.  The core ex-
cluded the external field as sketched in Figure 1.  The 
resulting induced dipole moment surrounding the 
Moon was that expected to result from a conducting 
core of radius 400 km [1].  This is the radius that is 
now accepted for the core from modern examination of 
the Apollo seismic data [2]. 
 

 
Fig.1. The distortion of a uniform magnetic field by 
an infinitely conducting sphere 
 
 Our longest and most complete study of the 
solar wind interaction with a “magnetized’ planetary 
atmosphere has been carried out using the Pioneer Ve-

nus Orbiter and Venus Express measurements in 24-
hour elliptical polar orbits about Venus.  These space-
craft have complementary lines of apsides, PVO with 
its line of apsides near the ecliptic plane and VEX with 
its line of apsides close to the ecliptic pole.  By map-
ping the magnetic field at low altitudes on the day and 
night sides of Venus with PVO and over the north pole 
with VEX and verifying the expected configuration of 
the ionospheric magnetic field with magnetohydrody-
namic numerical models we obtained the geometric 
model for the draped magnetic field shown in Figure 2.  
On the dayside the field in the lower ionosphere is 
horizontal and very little magnetic field diffuses 
through the bottom of the ionosphere.  Over the termi-
nator regions the magnetic layer weakens and the 
higher altitude magnetic field expands upward the field 
at the middle of the layer remains horizontal, and the 
lower altitude field dips into the atmosphere [3].  Thus 
the magnetic configuration of the night time field is 
affected by the core and its precise orientation and 
strength can be used with modelling to determine the 
core size.  Magnetic measurements with magnetome-
ters in the Venus atmosphere would improve the accu-
racy of this measurement. 
 

Fig.2. The magnetic configuration of the magnetic  
layer at low altitudes in the Venus ionosphere.[3]  
 
 This same approach can be used at Mars us-
ing the magnetic measurements with the MAVEN mis-
sion at low altitude in the Martian ionosphere.  
MAVEN arrives at Mars in September 2014.  InSight 
is scheduled to be launched in 2016 and will carry the 
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first magnetometer to the Martian surface.  The diurnal 
magnetic field variation associated with the rotation of 
Mars beneath the ionospheric magnetic field will im-
prove the accuracy of the nightside magnetic map 
needed to probe the core size.  The addition of magnet-
ic measurements on the surface of Mars in 2020 would 
open up the ability of sounding the interior even more 
accurately with a two point measurement and to utilize 
a broader spectral range in sounding the interior. 
 Venus Express, MAVEN, InSight and in the-
ory Mars 2020 can also measure the time varying 
magnetic fields at frequencies of up to several Hz.  The 
VEX data show that there are signals in the Venus 
ionosphere that could be used for sounding if they 
penetrated the bottom of the ionosphere.  MAVEN 
will be able to confirm this for Mars and InSight later 
can look for these waves on the surface of Mars.  We 
look forward to obtaining these data and extending our 
knowledge of the interiors of Venus and Mars. 
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