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Gravitomagnetic Separation of Bipolar Charged Martian Dust
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The possible role of magnetic anomalies on Mars in gravitational enhancement of separation of
charged dust is considered. It is known that charges become spatially separated by differential
transport and gravitational sedimentation because the charge polarity of particles of dust depends
on the particle size—where smaller particles are negatively charged and larger particles are
positively charged; thus, smaller and predominantly negative charged particles populate higher
regions of dust devils, and larger, positively charged particles fall to the ground. This study shows
that gravitational separation could be enhanced by the presence of magnetic anomalies on Mars
owing to the generation of a type of magnetobarrier that prevents gravitational settling of charged
dust particles beyond a certain size threshold.
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I. INTRODUCTION

It is known that large electric fields can be generated
by atmospheric dust activity [1]-[4]; however, the mecha-
nism by which negatively and positively charged particles
become spatially separated to create the electrical field is
not clear. It is believed that, because the charge polar-
ity of dust particles depends on the particle size—where
smaller particles are negatively charged, and larger par-
ticles are positively charged—charges become spatially
separated because differential transport and gravitational
sedimentation sort dust devil aerosols by size. Thus,
smaller and predominantly negatively charged particles
populate the higher portion of a disturbance, whereas
larger, positively charged particles fall to the ground [5]-
[9]. This particle size dependence of the charge polarity
of dust has also been experimentally demonstrated [10].

The object of this work was to analyse the possible en-
hancement of gravitational spatial separation of bipolar
charged dust owing to the presence of magnetic anoma-
lies on Mars.

II. GRAVITOMAGNETIC SEPARATION OF
CHARGED PARTICLES

The question examined in this letter is schematically
illustrated in Fig. 1. Briefly, we want to determine
whether local magnetic anomalies on Mars could create
a type of magnetobarrier that acts as a particle size
cutoff, thus enhancing gravitational separation.

First, for an imposed magnetic field to affect charged
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dust particles, its magnetic energy density must be com-
parable to the kinetic energy density of the charged par-
ticles; that is, the dynamic ram pressure from the dust
particles must be equal to the magnetic pressure originat-
ing from the local magnetic field of Mars in that region.
Because the low pressure of the Martian troposphere re-
sults in high electrical conductivity [11], the magnetic
pressure p,, is given by
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On the other hand, the dynamical pressure on particles
resulting from gravitational settling is given by
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and therefore our condition p, < p,, yields

@

where pg is the charged dust density, u; is the gravita-
tional terminal velocity of dust particles, B is the mag-
netic strength in the region, and pu, is the vacuum per-
meability.

The terminal velocity of the particles is approximately
given by
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where p, is the density of the particles; r, is the
equal-volume sphere radius, i.e., the radius of a sphere
having the same volume as the particles; po is the
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FIG. 1: Magnetobarrier induced by local magnetic field anomalies acting on charged dust particles on Mars could generate an
effective spatial separation mechanism by creating local electrostatic fields.

atmospheric density through which the particles are
falling; Cy is the drag coefficient, which is a function
of the particle Reynolds number and the shape of the
particles given by the sphericity, 1 (see the appendix);
and ¢ is the acceleration due to gravity. The weighted
mean radius of the particles depends on the assumed
size distribution; sizes of 0.4 pm [12]) and[13], 2.5 pum
[14], and 10 pm [15]) have been reported. Thus, there is
significant uncertainty regarding the actual size of the
particles, and it is best to assume that the particles are
between 0.1 pm and 10 pym in size.

The gravitational field varies with distance as a—lg,
where a is the radial distance to the centre of the planet.
Thus, Eq.(4) becomes
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where g, is the gravitational acceleration at the sur-
face, and a, is the radius of the planet. Finally, the
density of the dust is given by

4mr3p, N,
pa = 71)3? - (6)

where IV, is the concentration of dust particles per unit
volume. This concentration is a first approximation given
as a function of the optical opacity as [16]

N, = N,Texp™ (7)

where N, = 6 x 106 m~3 is the number density at the
surface when the optical depth 7 = 1, and H = 10 km is
the scale height. Substituting terms, Eq.(3) becomes
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We assume reasonable values of the parameters: p, =~
3 x 10% kg m~3 [16]; dust is suspended at a tropospheric
distance of 10 km, so % ~ 0.98; N, = 6 x 10° m™3;
z =10 m, and the scale height H = 10 km [16]; g, = 3.7
ms™2; poo = 1072 kg m™3; and ¢ = 1.0, so Cq ~ 0.5
(see the appendix). Then we obtain

B> 314 x 72 (9)

where B is in nT, and 7, is in pm.
e Discussion

The resulting curves are shown in Fig. 2. The hypoth-
esised magnetobarrier induced by the typical regions of
anomalies on Mars could enhance the gravitational sep-
aration for typical particle sizes (from 0.1 ym to 10 pm).
Finally, in our previous estimation, we assumed that all
of the suspended dust is charged. If polarisation occurs
in only a fraction of the cloud, f., then Eq.(9) can be
rewritten as

B> 314 x férir? (10)
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FIG. 2: Curves predicted by Eq.(9) for various dust storm parameters.

The resulting curves are shown in Fig. 3, considering
as an example a dust cloud with optical opacity 7 = 1
and charged fractions of the suspended dust of f. = 1.0,
fe=0.1, and f. = 0.01.

III. FORMATION OF SUPERSATURATED

CAVITIES

Within the framework of the present theory, mag-
netic anomalies could enhance the gravitational separa-
tion, producing gravitomagnetic separation; however, in
addition, because the magnetobarrier acts as a particle
size cutoff, it can be speculated that for highly charged
clouds, as the settling time increases, a region devoid of
dust will be generated. This situation is sketched in Fig.
4, which shows the separation of charges after 5 h of grav-
itational settling for a cloud with 7 = 1.0. This region
cannot result from pure gravitational separation because
in this case there would be no particle size cutoff, and all
of the particles will fall, although with different velocities;
thus, there would be a continuous region of dust parti-
cles. Until recently, it was generally assumed that these
supersaturated regions cannot exist in the cold Martian
atmosphere; however, their existence was recently con-
firmed by SPICAM data, which showed extremely high
levels of supersaturation, up to 10 times greater than
those on Earth. Further research is required to evaluate
this hypothesis.

IV. SUMMARY OF RESULTS AND

CONCLUSIONS

Enhanced gravitational separation of charged dust due
to the presence of magnetic anomalies on Mars was dis-
cussed. It was shown that coupling of the magnetic and
gravitational fields could result in the formation of a type
of magnetobarrier that acts as a particle size cutoff or
threshold that prevents gravitational settling of smaller
particles. Because this magnetobarrier could result in
considerable separation of charged dust, it makes the for-
mation of local electric fields more likely. Furthermore,
for highly charged dust clouds, this gravitomagnetic sep-
aration could lead to the formation of regions devoid of
dust (condensation nuclei on Mars), and thus to super-
saturated regions.

V. APPENDIX
A. Nonspherical Particles

Our previous discussion assumed spherical particles,
and thus a representative value of the drag coefficient of
around Cy = 0.5. However, the most general situation
involves nonspherical particles. The drag coefficient of
nonspherical particles is usually calculated by describing
the shape of the particles in terms of their sphericity,
1, which is defined as the ratio of the surface area of a
sphere having the same volume as the given particle to
the surface area of the particle [17]. Typical sphericity
values range from 1 = 0.125 (platelets) to 1.0 (spheres).
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FIG. 3: Curves predicted by Eq.(10) for several polarisation fractions and a dust storm with optical depth 7 = 1.0.
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FIG. 4: Cavity formation. If the magnetic strength is high enough, separation of charges by gravitational settling can result
in regions totally devoid of dust (condensation nuclei on Mars) and thus in supersaturated regions.

Fig. 5 shows the effect of the sphericity on the drag co-

efficient Cy versus the Reynolds number of the particles )
(18], where the particle Reynolds number for nonspheri- According to Eq.(8), our estimation scales by C, ?,
cal particles, Re,, is based on the equal-volume sphere or a factor of approximately 0.125, if highly flattened
diameter, i.e., the diameter of a sphere having the same particles are assumed instead of spheres. To illustrate
volume as the particle. this result, Fig. 6 is the same as Fig. 2 for 7 = 1.0 except
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FIG. 5: Drag coefficient Cyq versus Reynolds number Re for particles of sphericity i ranging from 0.125 (platelets) to 1.0

(spheres).

that Cy = 0.5 and C'd = 32 are assumed for spherical and
flattened particles, respectively.

NOMENCLATURE

a, = radius of the planet

a = radial distance of the dust cloud

B = magnetic field

Cyq = drag coefficient

fe fraction of dust electrically charged

g = gravity

go = surface gravity

H = height scale

N, = number density at surface

N, = concentration particles per unit volume
pg = dynamical (ram jet) pressure of particles
Pm = magnetic pressure

rp = radius of particle

Re, = particle Reynolds number

us = terminal velocity

z = height

Greek symbols

1o = magnetic permeability
pp = density of particle

1) = sphericity factor of particle
pa = density of dust

Poo = density of atmosphere

T = optical opacity

Subscripts symbols
m = magnetic

g = gravitational

t = terminal

d = draw/ dust

p = particle

o = surface value

ACKNOWLEDGEMENTS

This research was supported by the Spanish Ministry
of Economy and Competitiveness under fellowship grant
Ramon y Cajal: RYC-2013-13459.

VI. REFERENCES

[1] Eden, H. F., and B. Vonnegut. 1973. Electric breakdown
caused by dust motion in low-pressure atmospheres:
Considerations of Mars, Science, 180, 962-963.

[2] Mills A. A. 1997. Dust clouds and frictional generation
of glow discharges on Mars,Nature, 268, 614



" C=05
Terra Ci ian C,=32
10°
S Dz e
Typical- magnetic_anomalies|
= onMars ]
<
@ 1o
10°
10°
0.1 1 10

FIG. 6: Curves predicted by Eq.(9) for 7
respectively.

[3] Erika L. Barth, William M. Farrell, Scot C.R. Rafkin.
2016. Electric field generation in martian dust devils
Icarus. 268, 253-265

[4] Farrell W.M., McLain J.L., Collier M.R., Keller J.W.,
Delor J.T. 2015. Is the electron avalanche process in a
martian dust devil self-quenching?. Icarus, 254, 333-337

[5] Freier G. D. (1960), The electric field of a large dust devil,
J. Geophys.Res. 65, 3504.

[6] Crozier W. D. 1964. The electric field of a New Mexico
dust devil, J. Geophys. Res.69, 5427-5429.

[7] Stow C. D. (1969), Dust and storm electrification,
Weather, 24, 134-139.

[8] Ping Wang., Xiaojing Zheng. 2015. Unsteady saltation
on Mars. Icarus, 260, 161-166

[9] Renno N. O., and J. F. Kok. 2008. Electrical activity and
dust lifting on Earth, Mars and beyond, Space Sci. Rev.
137, 419-434

[10] Forward K. M., Lacks D.J., Sankaran R.M. 2009.
Particle-size dependent bipolar charging of Martian re-
golith simulant. Geophys. Res., 36, 1-5

[11] Farrell W. M., and M. D. Desch. 2001. Is there a Martian

atmospheric electric circuit, J. Geophys. Res., 106(E4),

7591-7595.

Pollack J.B., Colburn D., Kahn R., Hunter J., Van Camp

W., Cariston C., Wolfe M. 1977. Properties of Aerosols in

the martian atmosphere. J. Geophys. Res. 84. 2929-2945.

Clancy R.T., Lee SSW. 1991. A new look at dust clouds in

the Mars atmosphere : analysis of emmision-phase func-

tion sequences from global Viking IRTM observations.

Icarus. 93. 135-158.

Toon O. B., Pollack J.B., Sagan C. 1977. Physical prop-

erties of the particles composing the martian dust storm

of 1991-1972. Icarus. 14. 235-244.

[15] Leovy C.B., Briggs G., Young A., Smith B., Pollack J.,

(12]

(13]

(14]

1.0 assuming Cqg

r, (um)

[16

(17

(s

]

]
]

0.5 and Cy 32 for spherical and flattened particles,

Shipley E., Wildey R. 1972. The Martian Atmosphere:
mariner 9 television experiment progress report. Icarus.
17. 373-393

Haberle R.M., Mckay C.P., Pollack J.B. et.al. 1993. At-
mospheric effects on the Utility of Solar Power in Mars.
Resources of Near Earth Space, pp. 799-818.

Wadell, Hakon. 1935. Volume, Shape and Roundness of
Quartz Particles. Journal of Geology. 43, 3, 250-280
Brown G.G. Unit Operations. Wiley, New York, 1950.
Wiley, New York, 1950.



