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Introduction: Successful future exploration of 

Mars requires an extensive knowledge of the Martian 
environment. In this work, we present methodology 
and instruments which enable to investigate some of 
the major environmental aspects, such as the structure 
of the ionosphere, lightning activity or the planetary 
subsurface. 

The presented methodology is based on the propa-
gation of extremely low frequency (ELF) electromag-
netic waves (3 Hz – 3 kHz). These waves, once gener-
ated, propagate around the planet in a waveguide made 
of two electrically conductive spheres: the planetary 
surface and the ionosphere.  

Within the ground-ionosphere waveguide a reso-
nance of ELF waves occurs. It is called Schumann 
resonance, and its parameters are strongly related to the 
properties of the waveguide.  

On Mars, as there is no liquid water at the planetary 
surface, the ground has a low conductivity. In such a 
situation ELF waves penetrate deep into the planetary 
subsurface, and as a result, presented methodology can 
be used as a tool to detect e.g. groundwater reservoirs.  

Instruments: We design and manufacture ELF 
automatic stations for geophysical purposes, and in this 
work, we present the Martian ELF station design with 
information on data it will allow acquiring on Mars.  

As ELF propagation is of the global nature, one 
measuring station is enough to perform some basic 
research. The lightweight measuring equipment con-
sists of a low-power ELF receiver, two magnetic an-
tennas and an electric antenna.  

In this work, we present the basic station 
parameters, such as weight and size, the description of 
individual subsystems, the energy budget, and a 3D 
visualization of the station. We also consider the 
energy source, the proposed method of communication, 
and the required data bandwidth. 

Methodology: When an ELF wave is propagating 
from its source to a receiver the environmental proper-
ties, such as: electrical conductivity or permittivity of 
the surface, influence its propagation parameters. Us-
ing an analytical approach based on a solution of 
Maxwell’s equations, we can estimate the structure of 
the subsurface or ionosphere on the basis of measured 
propagation parameters. 

To demonstrate the potential of the method we pre-
sent the relationship between individual environmental 
properties and propagation parameters.  

Results: We studied a direct scenario with some 
hypothetical models of the planetary electromagnetic 
environment. For these models, we present the ELF 
pulses propagation and the Schumann resonance spec-
tra.  

In this theoretical approach, we assume double-
layered models of the Martian subsurface [1]. In these 
models, the upper layer has a very low conductivity 
(σ1 = 10-7 S/m). For the lower layer we propose three 
models: two with water reservoirs and one without 
them. In the models with aquifers, the thickness of the 
upper layer is only h1 = 10 km, and the conductivity of 
the lower layer is σ2 = 10-2 S/m (a case with brines) or 
σ2 = 10-4 S/m (a case with low-salinity aquifers). In the 
model without water reservoirs (a dry case), the low 
conductive layer is 40 km deep, and the conductivity of 
the lower layer is σ2 = 10-2 S/m. To illustrate the influ-
ence of the ground on ELF propagation, we also con-
sider the model with a perfectly conducting ground.  

To calculate the propagation of ELF pulses, we as-
sume that the source of an ELF wave has the form of 
the delta function and an amplitude of 1 C · km [2]. 

The Schumann resonance spectra and the wave-
forms of the ELF pulses for the models are shown in 
Fig.1 and Fig.2. 
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Figure 1. The Schumann resonance spectra for the 
different models of the Martian subsurface: with brines 
(blue line), with low salinity aquifers (yellow line), dry 
(red line). All spectra were normalized to the amplitude 
of the model with the perfectly conducting ground. 
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Figure 2. The waveforms of the ELF pulses at a 
propagation distance of 5 Mm in the Martian 
waveguide with the perfectly conducting ground 
(dashed line), with brines (blue line), and without aqui-
fers (red line) [2]. 
 

Examples of the relationship between the conduc-
tivity of the upper layer and the first mode frequency of 
Schumann resonance are shown in Figure 3 [1]. 
 

 
Figure 3. The first mode frequency of Schumann reso-
nance in a function of the conductivity of the upper 
layer of the Martian ground. The thickness of the upper 
layer is 10 km (yellow line) and 40 km (green line), 
and the lower layer’s conductivity is 10-4 S/m. 
 

We also compared the results from the developed 
analytical method with those from numerical modeling. 
We used similar models (Case 1, Case 2) to those 
computed in recent publications [3, 4]. The comparison 
is presented in Table 1. 

 
Model f1 [Hz] f2 [Hz] f3 [Hz] 

Case 1: σ1 = 10-7S/m, σ2 = inf, 
d1 = 10km 

8.1 15.2 22.5 

Simoes et al.: σ = 10-7S/m, d = 
10km 

7.9 14.9 22.4 

 
 
 
 
 

Case 2: σ1 = 10-7S/m, σ2 = inf, 
d1 = 40km 

7.1 13.3 19.6 

Yang et al.: σ = 10-7S/m, d = 
40km 

7.3 13.1 19.2 

Table 1. The comparison of the Schumann resonance 
frequencies obtained using the analytical and numerical 
modeling. 

 
Conclusions: The obtained results demonstrate that 

the developed equipment and methodology can be used 
to measured properties of the subsurface, atmosphere 
and intensity of electrical discharges on Mars. 

Finite conductivity of the ground strongly influ-
ences the Schumann resonance parameters. On Mars, 
its contribution is greater than the one related with the 
different ionospheric profiles. 

The presence of aquifers increase significantly the 
Schumann resonance frequencies and amplitudes [1]. 

Finite conductivity of the ground have a significant 
impact on the delay and the amplitude of the observed 
waveforms. The ground parameters also influence the 
frequency characteristic of the propagation channel 
affecting the shape of the observed waveform [2]. 

Since the presented model is fully analytical, it is 
computationally efficient and can be very useful to find 
inverse solutions. It takes minutes to acquire results for 
different environmental models, which with the nu-
merical modeling would take weeks. 

Data acquired by the ELF receiver will explicitly 
prove the existence of lightning activity on Mars.  

Our method can be applied also to other objects in 
the Solar System which have electromagnetic cavities.  
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