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Introduction: Time varying magnetic fields pass-

ing through conductive media induce eddy currents. 
Electromagnetic (EM) Sounding uses induced magnet-
ic fields to remotely deduce material properties at 
depth. The first step of performing EM Sounding at the 
Moon is to understand the dynamic plasma environ-
ment, and to be able find a plasma regime which ena-
bles geophysical induced currents to be isolated. Time 
Domain Electromagnetic (TDEM) Sounding transfer 
function method requires a two-point measurement: 
one of the background Solar Wind (SW), and one near 
the Moon. This method was performed during Apollo 
assuming the induced fields on the nightside of the 
Moon expand as in an undisturbed vacuum within the 
wake cavity, bounded by a region ±77o of the antisub-
solar point [1]. TDEM sounding is particularly well 
suited for measurements from moving satellite plat-
forms accounting for changing altitudes. This work is 
in support of TDEM Sounding with ARTEMIS, two 
twin satellites currently orbiting the Moon [2]. 

We have studied the influence of the wake fields 
on a dipolar field placed at the center of the Moon rep-
resentative of the induced field. Here we see the in-
duced fields are disturbed but not confined by the wake 
currents [3]. However, the Apollo work [1] was criti-
cized for not taking into account the asymmetric con-
finement of the induced field by the wake cavity [4]. 
Here we summarize the underlying trends seen in our 
models and discuss their implications on the validity of 
TDEM Sounding vacuum theory for the nightside 
wake region. 

Summary of Plasma Hybrid Models: We have 
considered 13 different bounding configurations for 
the upstream plasma conditions varying the orientation 
of Interplanetary Magnetic Field (IMF) to the free 
streaming solar wind and magnetic moment (m). The 
cases considered include parallel and perpendicular 
IMF to SW. We varied the orientation of the magnetic 
moment from perpendicular and parallel to the SW, 
45o, aligned with the IMF, and opposing the IMF. We 
have considered the effects of high and low dynamic 
pressure, and varied the magnitude of the magnetic 
moment. 

In each case, we modeled the pristine wake fields 
(Bw) and followed with the same configuration with a 
magnetic moment in the Moon (Bf). We use a right-
handed coordinate system centered at the Moon, with 
the +X axis directed toward the Sun. Here the solar 
wind flows along the -X axis, and the IMF is in the XY 
plane. The simulation cell size is 108km, and the lunar 

radius is RL=1728 km. Subtracting Bw from Bf  yields 
residuals which are the disturbed dipole fields (Figure 
1 top). Continuing to subtract the undisturbed dipolar 
field (Bdip) yield residual fields that are the disturbed 
fields only (Figure 1 bottom). Regions of minimal dis-
turbance (indicated by blue color) include areas where 
the TDEM vacuum theory is valid. Thus Figure 1 be-
comes a spatial validity map for TDEM Sounding vac-
uum theory, for cases matching these upstream SW 
conditions. 

Figure 2 shows these same fields at four counter 
clockwise (180o is antisubsolar point within deep wake 
cavity) circular paths at varying altitudes. Here we note 
minimally disturbed fields remain within ±50o and un-
der 200km altitude. This is one example from the 13 
cases considered thus far.                          

 
Figure 1. Hybrid model showing the distortion of a 
dipolar field within the lunar wake. IMF is perpen-
dicular and the moment is parallel to SW with a 
magnitude of 1e16 Am2. (Top) Shows disturbed 
dipole fields, (Bottom) shows disturbed fields only. 
Regions of minimal disturbance are blue in color.  
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Figure 2. Same model from Figure 1, showing at 
four altitudes a counter clockwise circular orbit 
around the Moon, which yield highly disturbed 
fields outside ±50o from the antisubsolar point 
(180o). 
 

Figure 3 summarizes the regions of minimum dis-
turbance, defined by a horizontal longitude window 
and amplitude of disturbed fields normalized to dipole 
fields, in each of the 13 cases. Disturbances above 30% 
are disregarded as highly disturbed. In all cases, some 
zone of minimal disturbance exists for altitudes less 
than 200km at the antisubsolar point. This region var-
ies between ±30o and ±50o at the lunar surface depend-
ing on SW configuration and narrows with altitude. 
Thus, TDEM vacuum approximation is valid for the 
nightside cavity at the antisubsolar point. However, the 
original bounds used by [1] were too large. 

 
 

 
 

Figure 3. Summary of plasma hybrid models high-
lighting trends locating the minimal disturbance 
region. Longitude breadth is center at antisubsolar 
point (100o corresponds to a window of ±50o). Am-
plitude corresponds to lowest value reached within 
orbit. 

 
With these hybrid models, upstream conditions al-

low an accurate assessment of the amount of distortion 
induced fields will encounter due to wake current sys-
tems and the locations of minimal disturbance. We 
have found low dynamic pressure and large magnetic 
moment (above 1e16 Am2) act to favorably increase 
the window of minimal disturbance. Although there is 
a saturation reached where the window is not changed 
significantly between 1e16 Am2 and 1e17 Am2. The 
surface generally includes a larger minimal disturbance 
region; however, in several cases, the least disturbed 
case occurred at 100 or 200km altitude and not at the 
surface. 

We conclude that the TDEM vacuum approxima-
tion is valid for some regions close to the antisubsolar 
point and generally under 300km altitude. Low dynam-
ic pressure and higher induced magnetic moments will 
act to increase this window of validity. 
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