
 

Researchers begin to understand correlation
of Schumann resonances and dust storms on
Mars
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The interaction of dust particles in Martian dust storms may cause
electric fields that are powerful enough to have charges that induce
standing electromagnetic waves known as Sсhumann resonances. This is
the conclusion drawn by physicists from HSE University, the Space
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Research Institute, and MIPT. The paper was published in the journal 
Icarus.

Mars has been a focus of active study over the last decade, with
researchers looking at possible space missions to the planet. Knowledge
about the Martian atmosphere increases the chances that such missions
will be successful. In particular, the behavior of dust particles and the
plasma-dust system on the surface of Mars should be taken into account
in planning space trips.

In 2009, a 34 m radio telescope of NASA's Deep Space Network
registered a non-thermal microwave radiation during a Martian dust
storm. In the observed radiation spectrum, attributes of Schumann
resonances were detected at frequencies of 7.83 Hz, 14.1 Hz, and 20.3
Hz.

Researchers from HSE University, the Space Research Institute and
MIPT looked at the role of dust and dust plasma in the excitement of
ultra-low-frequency (below 100 kHz) standing electromagnetic waves on
Mars. Since the mid-1950s, this phenomenon has been known as
Schumann resonances, after Otto Schumann, an Austrian scholar who
was the first to study standing electromagnetic waves in an Earth-
ionosphere resonator.

For electromagnetic waves, the Earth and its ionosphere are a huge
spherical resonator, with its cavity filled with a weakly electrically
conductive medium. If an electromagnetic wave that evolves in this
medium goes around the Earth and resonates itself, it can exist for a long
time.

Schumann resonances on Earth are presumably caused by thunderstorm
charges in the spherical cavity between the planet's surface and the lower
layers of the ionosphere.
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"Lightning activity is related to average temperature on Earth," said
Sergey Popel, Professor at the HSE Faculty of Physics, Laboratory Head
at RAS Space Research Institute. "Observations also confirm a
correlation between the temperature and the amplitudes of Schumann
resonances on Earth. This data has become a foundation for our studies
of similar phenomena on Mars."

The scholars analyzed the mechanism that ensures the loading of power
in the Schumann resonator. It turned out that electrical discharges are a
'good candidate." But these electrical discharges have a different nature
as compared to Earthly lightnings. Lightnings in their Earthly
understanding are not typical for Martian atmosphere in which dust
swirls, also called 'dust devils," are widespread. They are small storms
measuring about 100 m in diameter that last several minutes. That's why
there are no analogs to Earthly meteorological clouds in the rare and dry
Martian atmosphere, but dust phenomena play an important role.

The process of charging the dust particles in the Martian atmosphere has
similarities with the processes that take place in volcanic clouds on
Earth: two particles consisting of the same material collide, and the
smaller one gets a negative charge, while the bigger one charges positive.
Under gravity, the heavier positively charged particles gather in the
lower parts of dust swirls, while lighter negatively charged particles
remain in the upper part. Charges separate, which may lead to electrical
discharge.

However, the authors of the paper state that as of yet there is no
unambiguous experimental evidence that would confirm the existence of
electric discharges in the atmosphere of Mars. Orbital modules that
study Mars usually study the upper layers of the atmosphere, while the
lower layer remains outside their monitoring zone. To know for sure
whether there are Schumann resonances on Mars, the electric fields on
the surface of the planet need to be measured.
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"Ideally, we should measure the amplitude of Schumann oscillations and
understand whether there is a correlation between changing amplitudes
of Schumann resonances and the changes in intensity of dust storms on
Mars," Sergey Popel said. "But to do it, we would need some highly
sensitive equipment."

No such projects have been planned yet, but the second stage of
ExoMars mission, which is scheduled for the latter half of 2022, will
probably contribute to these studies.

  More information: Yu.N. Izvekova et al, Dust and dusty plasma
effects in Schumann resonances on Mars: Comparison with Earth, Icarus
(2021). DOI: 10.1016/j.icarus.2021.114717
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