
CUPIDS ARROWS - PIERCING THE HEART OF VENUS : A SURFACE INSTRUMENT CONCEPT 
M. J. Way1, J. Grandidier2, 1NASA Goddard Institute for Space Studies, NY, NY, USA (michael.way@nasa.gov), 
2Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA 91109, USA 
 

Introduction: Exploring the tectonic nature of Ve-
nus is crucial to understanding its present and past his-
tory of plate dynamics. We propose a novel concept 
that uses precise very long-term (years) monitoring of 
the surface of Venus over possibly 1000s of kilome-
ters. These observations will unveil the current seismic 
activity on Venus and the movement of large areas of 
the surface – assuming the surface remains dynamic. 

Background:  Currently on Earth today there is an 
array of GPS transmitters scattered across the globe 
that measure the real-time motion of local and conti-
nental scale structures on land with respect to each 
other [1]. This work is reliant upon the current GPS 
satellites circling the Earth and clever algorithms that 
constantly iterate to get relative accuracies down to 
millimeters. It is used in combination with other obser-
vations to better understand land, ocean and airflow on 
Earth [2]. We propose a smaller scale concept that 
could be deployed in a possibly interesting area on 
Venus 100s to 1000s of kilometers in area 

Methods:  The system architecture is simple and 
robust. We use well documented high temperature so-
lar cells designed for the Venusian surface [3] and bat-
tery technology [4] and transmitting antenna that will 
allow real-time monitoring of the surface over a period 
of years. High temperature solar cells and primary bat-
teries that can survive and operate under Venus surface 
conditions for several weeks are currently under devel-
opment within the HOTTech program [5]. Lifetime 
testing show that Low Intensity High Temperature 
solar cells survive for 1 month at 465°C without per-
formance degradation and 7 weeks with limited degra-
dation. Under conditions close to the surface of Venus, 
465°C & 67W/m2, the measured solar cell characteris-
tics allow a power density P=1.6W/m2 & power con-
version efficiency η=2.45%. Modeling shows that an 
optimized solar cell for the Venus surface could gener-
ate ~4W/m2. The system would be in-operational dur-
ing the long Venusian night, but the solar arrays and 
batteries would continue to function each time the sys-
tem comes into contact with the Venusian solar day. 
An orbiter would be required to receive data from the 
surface stations and it would also use triangulation 
techniques to determine their precise locations across 
the planet. The concept relies upon a very long-lived 
orbiter in a stable orbit that would allow years of data 
acquisition & algorithmic development. The basic de-
sign would consist of a plethora of “arrows” (~10s) 
released from an orbiter upon arrival to the planet. The 
arrows are extremely simple and would not need any 

guidance, steering capability or need any atmospheric 
braking. Upon arrival they will either pierce the sur-
face directly or lie upon it (yet to be decided). The so-
lar panels will then deploy (see Figure) which will 
automatically stand the object upright if it is lying on 
its side & a small communications antenna would de-
ploy. If solar efficiency decreases because of dust ac-
cumulation the system would fold up & redeploy be-
fore solar efficiency drops below a given threshold. 

Instrumentation: The system could contain at 
least three lightweight low power detectors: 1) Seis-
mometer [6], 2) Temperature, 3) Pressure. It would 
also require a small antenna for communication pur-
poses. If large power requirements are required power 
can be stored in the battery via solar cells and then 
utilized in bursts to communicate infrequently. 

Conclusions: Understanding the current state of 
Venus’ surface is critical to understanding its long-
term past & future evolution. Does Venus have active 
plate tectonics? Does Venus’ surface temperature and 
pressure fluctuate? Is there plate movement even on a 
one plate planet like Venus? All of these will help us to 
better constrain current modeling studies, which are 
currently mostly unconstrained! The system is pur-
posely inexpensive and simple to operate and deploy – 
critical in the harsh Venusian environment. 
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Figure: Cupids Arrows: Device can pierce surface or 
land on its side and deploy. 
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