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Introduction: In this work we outline the relevant 

conditions on the surface of Mars that may contribute 
to a global electric circuit, and describe instrumenta-
tion for use on future lander missions to measure such 
phenomena. It is proposed that a Martian current sys-
tem would be analogous to the terrestrial case, where 
current generation from thunderstorms produces a 
"fair weather" electric field on the order of 100's of 
V/m as these currents close through the ground and 
ionosphere. In the case of Mars, it is likely that dust 
motion via regional and global dust storms as well as 
local dust devils could generate strong electric fields 
and thus drive global and local atmospheric currents. 
These dust storm electric fields are created by triboe-
lectric charging from relative dust motion followed by 
spatial differentiation of a distribution of grain sizes, 
yielding a significant electric dipole moment in a 
given dust event. Measurements of electric fields in 
terrestrial dust devils and storms have reached kV/m 
levels, supporting charge densities on the order ~106 
e/cc. By assuming a similar mechanism for dust elec-
trification on Mars, we derive electric fields ranging 
from 0.1 to 100s of V/m, with a possible seasonal de-
pendence. A DC electric field measurement is pro-
posed based on the double Langmuir probe technique, 
which measures the atmospheric potential directly 
with high sensitivity and resolution via high input 
impedance preamplifiers. These probes have had a 
long history of success in the measurement of DC 
electric fields in the terrestrial stratosphere on bal-
loons, where the atmospheric conductivity, pressure, 
and temperature are very similar to the surface of 
Mars. Such an instrument is also small, lightweight 
(<200g), and can be accommodated on meteorological 
masts or booms on future lander missions. A version 
of this instrument was selected for the 2003 Mars 
sample return lander, and has been funded for an ex-
tended phase A definition and feasibility study under 
the Mars Atmospheric Dust in Optical and Radio 
(MATADOR) program. 

The Terrestrial Analogy: There are a multitude 
of terrestrial measurements both in the field and the 
laboratory as well as simulations and calculations de-
scribing electrified dust on Mars that strongly support 
the existence of Martian global and/or local electric 
circuits. In an individual thunderstorm, lighter posi-
tively charged ice particles convect to the upper region 
of the storm while heavier, negatively charged parti-

cles (raindrops, larger ice particles) are gravitationally 
pulled lower, resulting in a stratified charge separa-
tion and an associated electric field dipole moment 
[1]. The electric fields created by this process can 
reach 100's of kV/m locally, leading to atmospheric 
breakdown voltages and subsequent lightning dis-
charge. The conductivity of the atmosphere near the 
Earth's surface, ~10-13 S/m, will reduce locally gener-
ated electric fields through currents on the timescale 
of minutes; given that steady state electric fields at the 
Earth's surface in the 100’s of V/m during fair 
weather are common, there must be a continual source 
of electric field generation present. The Earth's elec-
tric circuit may be modeled as a capacitor with the 
relatively highly conductive ground and ionosphere 
enclosing the insulating atmospheric layer. In this 
model, a total ground to ionosphere columnar resis-
tance is on the order of ~250 ohms. Under these con-
ditions a typical thunderstorm generates roughly 
~0.5A of atmospheric current, with the combined ac-
tion of ~2000 thunderstorms throughout the world 
generating a global current system and an associated 
electric field in the 10-500 V/m range. Other terres-
trial processes for generating strong electric fields 
include dust storms and the smaller dust devils. In this 
case, triboelectric charging due to relative dust motion 
results in electric field generation, as seen in the labo-
ratory [2]. Smaller, lighter dust grains typically ac-
quire a negative charge in this process, while larger 
grains acquire a positive charge [3]. Vertical convec-
tion is a common feature in dust storms, thus grains 
are vertically separated based on grain mass, leading 
to a large scale charge separation and a resulting mac-
roscopic electric dipole moment. Measurements con-
ducted in the vicinity of terrestrial dust devils using 
field mills have measured deviations in the fair 
weather fields of 100s of V/m to over 1 kV/m [4,5]. 

Implications for Mars: While the overall contri-
bution of dust activity to the terrestrial global circuit 
may be secondary to the larger thunderstorm events, 
dust devil measurements and laboratory experiments 
demonstrate clearly that terrestrial dust storms can 
generate significant local perturbations in the atmos-
pheric electric field. Thus in the absence of terrestrial 
thunderstorms, it is reasonable to expect that the 
dominant current generation mechanisms in the Mar-
tian atmosphere result from charge separation and 
transport within dust storms and dust devils. Melnik 
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and Parrot [6] assert that the convective dust devils on 
Mars are capable of producing electric fields near the 
atmospheric breakdown values, roughly ~20 kV/m. 
Further studies by Farrell et al [7] indicate there may 
be charge limiting processes such as local current dis-
sipation or continual glow discharges that may con-
strain these electric fields to within a few percent of 
the atmospheric breakdown level, i.e., ~1 kV/m. With 
this assumption, we can construct a model for the 
global Martian electric circuit in direct analogy to the 
terrestrial thunderstorm driven model. The atmos-
pheric conductivity at Mars is unknown but estimated 
to be similar to the Earth's stratosphere, ~10-11-10-12 
S/m at the surface with a ~5 km scale height [8]. The 
ground conductivity on Mars is unknown, with radar 
measurements [9] showing surface values (~cm) of  
10-8 S/m. The ionospheric conductivity should be very 
high compared to the ground and atmosphere as in the 
terrestrial case. If the ground conductivity is greater 
than the conductivity of the upper atmosphere over the 
dust storms, i.e. >10-9 S/m, the current generation by 
these storms will be dominated by the atmospheric 
resistance over the storms. Under these conditions, a 
regional dust storm (500 x 500km) would generate 
thousands of amperes, a small (5 km x 5 km) dust 
storm may generate ~1A, and a small dust devil (50m 
x 1 km) several microamperes. These currents should 
produce a global circuit through the fair weather at-
mosphere giving rise to the fair weather field. Given 
the possible large contribution of the regional dust 
storms, there may be a very strong seasonal depend-
ence on the Martian fair weather field, varying from 
~0.5 kV/m during storm seasons down to 0.1 V/m 
when only dust devils contribute to the global current 
system. 

Instrumentation and Measurement: The above 
calculations are subject to several unknowns which 
could drastically affect the results, such as the ground 
conductivity, the efficiency and limits of dust charging 
under Martian conditions, and local vs. non-local clos-
ing of currents around dust storms and devils. These 
uncertainties represent an exciting array of opportuni-
ties for future electrodynamic measurements on Mars 
covering AC and DC electric and magnetic fields, soil 
and atmospheric conductivity measurements, and the 
properties of Martian dust. These measurements may 
also be relevant in assessing the electrical hazards 
associated with dust storm charging that future robotic 
and human missions may face. For fair weather and 
local dust storm electric fields, we describe a double 
Langmuir probe sensor developed for use on strato-
spheric balloons, mesospheric and ionospheric sound-
ing rockets, and Earth orbiting satellites [10]. The 

experimental hardware is simple, consisting of two 
large (>100 cm2) electrodes spaced >1m apart on a 
MET mast or other extendable boom for measuring 
the vertical component of the electric field. A new 
generation of fA leakage current operational amplifi-
ers further reduces the size and power of this instru-
ment, forming a preamplifier embedded into the sens-
ing electrodes that is bootstrapped to +/- 500V floating 
power supplies and with 1015 ohm input impedance. 
Such an instrument can have a dynamic range of ~15 
mV/m to 500 V/m and weigh less than 200g. A re-
laxation technique biases the probes to positive or 
negative potentials and measures the time constant for 
the probe to equilibrate back to the ambient potential, 
yielding the atmospheric conductivity. Combined with 
the electric field measurements, this provides a direct 
measure of the electric currents carried by the atmos-
phere. A small, wide dynamic range Langmuir probe 
assembly will be tested in the field near dust devils 
and in the stratosphere as part of the MATADOR 
package and in preparation for future flight opportuni-
ties. 
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