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Introduction: Although there have been several at-

tempts to land and operate a microphone on Mars 

[1,2], no has been recorded in the audible range (from 

20 Hz to 20 kHz) on the planet’s surface. Recently the 

NASA InSight lander may have recorded potential 

infrasounds with its Auxiliary Payload Sensor Subsys-

tem (up to 20 Hz) [3] and wind induced solar panel 

vibrations with the short period sensors of the SEIS 

instrument [4]. For outreach purposes, this signal shift-

ed in frequency to make it audible. In 2021, the Mars 

2020 rover will land in Jezero crater with two micro-

phones onboard: one to record sounds during the entry, 

descent and landing and one that will operate at the 

surface, as part of the SuperCam instrument suite [5], 

on top of the mast of the rover. The latter is the focus 

of this work. 

  

Sound Propagation on Mars: Despite the tenuous 

atmosphere (pressure at the surface is less than 1% of 

Earth sea level pressure), sounds in the audible range 

can be heard on Mars. Martian sounds propagate at a 

velocity of around 240 m/s (compared to 343 m/s at 

ambient on Earth) such a high value since the propaga-

tion velocity depends only on temperature and mean 

molecular weight. The main difference in the Martian 

vs. Earth acoustics comes from the chemical composi-

tion of the atmosphere (95% of CO2) that drastically 

absorbs the sound. This absorption is frequency de-

pendent and is due to two different mechanisms: 

− Attenuation due to viscosity and heat conduction 

− Molecular attenuation due to carbon dioxide rota-

tional and vibrational relaxation 

Therefore, a pressure wave on Mars is damped by a 

factor exp(-αx) when it propagates over a distance x, 

with α being the total frequency dependent attenuation 

coefficient computed by taking into account the two 

aforementioned mechanisms. Fig. 1 shows the total 

attenuation coefficient on Mars given by two semi-

empirical models [6,7], compared with the attenuation 

coefficient on Earth [8]. An uncertainty still remains 

between those models at low frequencies and, to a low-

er extent, around 2 kHz. 

 

The Mars2020/SuperCam Microphone: The Su-

perCam Microphone (based on the Knowles Electret 

EK-23132 COTS component) and its associated elec-

tronics were designed and tested [9] in order to record 

sounds in the audible range, from 100 Hz to 10 kHz.  

 

 
Figure 1 - Total attenuation coefficient computed by Wil-

liams [6] model (red solid) and by Bass and Chambers 

[7] model (red dashed) for T = 220 K and P = 600 Pa 

(typical Martian values). Comparison with attenuation 

coefficient on Earth by the Bass [8] model (blue) for air 

at 1 bar and 300 K and for a water vapor concentration 

of 0%. 

 

The primary objective of the Microphone is to support 

the Laser-Induced Breakdown Spectroscopy (LIBS) 

investigation but it will also to contribute to basic at-

mospheric science and record many rover artificial 

sounds. 

 

Operating modes. The SuperCam Microphone can 

be operated at two sampling frequencies (25 kHz and 

100 kHz) with four stages of amplification over three 

different recording sequences: 

− Microphone Only: a stand-alone recording to mon-

itor environmental noise without any other Super-

Cam operation. It can provide a 180 s long acqui-

sition in the 25 kHz sampling mode.  

− LIBS + Microphone (Hashed): a 60 ms long re-

cording window synchronized with each laser shot 

to listen to the laser-induced shock-wave on Su-

perCam LIBS targets. It can cover a LIBS raster 

up to 500 shots in the 100 kHz sampling mode. 

− LIBS + Microphone (Continuous): A continuous 

recording covering a full LIBS sequence from the 

1
st
 shot to the last shot, to monitor both the laser-

induced shock-wave and environmental noise.  
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Sound sources and compliance with science ob-

jectives: The expected sound sources to be recorded 

on Mars are both rover induced and natural. First, it 

will record the LIBS induced shock-wave up to 4 me-

ters. But, it will record the aerodynamic pressure fluc-

tuations caused by the wind flowing past the micro-

phone. Tests conducted under a simulated Martian at-

mosphere have demonstrated that the microphone will 

provide: 

 

A support to SuperCam LIBS investigations. Re-

cording the acoustic signal of the LIBS shock wave 

shows that the amplitude of the signal decreases as a 

function of the number of shots, as the laser penetrates 

into the target. Fig. 2 shows the linear relationship be-

tween the acoustic energy and the measured LIBS pit 

depth. This correlation, first observed at Earth ambient 

pressure [10], is now extended to Mars pressure and 

demonstrates that the SuperCam Microphone can be 

used as a tool to monitor the ablated depth. This will 

provide valuable information to study the thicknesses 

of coatings and alteration layers with the LIBS capabil-

ity of SuperCam. Moreover, it was shown that the de-

crease of the acoustic energy during a LIBS raster is 

indicative of the hardness of the target [11]. 
 

Basic Atmospheric Science. A test campaign was 

performed in April 2019 in the Aarhus Wind Tunnel 

Simulator II [12] to test the influence of the wind speed 

and its orientation on the microphone signal. A repre-

sentative model of the upper part of the Mars 2020 

mast and a model of the SuperCam microphone were 

placed in a varying wind speed flow of 10 mbar of CO2 

in order to keep a Mars atmosphere density of 

0.02 kg/m
3
. Fig. 3 shows that the microphone signal 

RMS is proportional to the wind speed squared (i.e., to 

the dynamic pressure). This preliminary analysis shows 

that it should be possible to determine the wind speed 

on Mars from the microphone RMS signal.  

 

Conclusions and ongoing work: Although the 

Martian sounds are strongly attenuated by the carbon 

dioxide of the planet’s atmosphere, the SuperCam Mi-

crophone is expected to detect sounds that will sup-

plement SuperCam science: 

− Documentation of the LIBS targets by inferring 

hardness and laser pit depth. A calibration with an 

exhaustive set of geological samples is ongoing. 

− Contribution to basic atmospheric science by de-

ducing wind speed and orientation with micro-

phone RMS signal, in coordination with MEDA’s 

wind analyses. A detailed study of 2019 Aarhus 

test campaign is currently performed. 

 

 
Figure 2 - Normalized acoustic energy at the bottom of 

the LIBS pit (i.e. last shot acoustic energy) as a function 

of the cavity depth for 4 targets with various physical 

properties, ablated with increasing number of shots 
 

 
Figure 3 - Normalized RMS of the signal recorded by the 

SuperCam Microphone as a function of the wind speed 

(green crosses). RMS values are normalized to maximum. 

For this data set, the wind flow is facing the microphone.  
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