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Dr. David E Smith, Research Scientist

Research Statement 
My research has concentrated on planetary scale geodetic and geophysical problems 
related to the Earth, Moon and planetary bodies of the solar system.  In the last few years 
My research has been on the gravity, topography, and dynamics of Mars, Mercury and 
the Moon based upon laser altimetry data and microwave tracking of orbital spacecraft.  
Recently, my research activity has included the development of a laser altimeter concept 
for Europa and an approach to measure the expansion of the solar system due to the mass 
loss by the sun from the conversion of hydrogen to helium in its interior.  My interests 
also include laser ranging on lunar and planetary scales, celestial mechanics, and laser 
altimeter design and development. 

Summary of Projects and Studies 

Study of the Expansion of the Solar System: 
My latest study involves the expansion of the solar system as a result of the changing 
mass of the sun due primarily to the conversion of H to He in the solar interior.  This 
study with colleague Maria Zuber, MIT was first presented in its broadest terms by Prof 
Zuber at the NASA 2050 Workshop in February 2017.  Recently, with colleagues at the 
Goddard Space Flight Center we have been studying a planetary mission, Trilogy, to 
measure this expansion by the placement of spacecraft in orbit about Venus, Earth, and 
Mars and to measure their relative motions over a period of 4 to 5 years. 

Europa Lander Science Definition Team: 
Member of SDT to define measurements required in the search for life and habitability on 
Europa. 

Laser Altimeter Concept for Icy Moons: 
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Over the last several years I have been part of a MIT/GSFC team to develop a laser 
altimeter concept that could measure the shape of Jupiter’s icy moons from distances as 
large as 10,000 km on flyby and orbiter missions.  This concept was used in a proposal to 
the ESA JUICE mission and to various versions of the NASA Europa and Lander 
programs. 
 
Lunar Gravity:  
The determination of the gravity field of the Moon has been a problem of considerable 
interest since before the dawn of the space age because the gravity of a body can tell us a 
great deal about the interior of the body and its history and evolution since its formation.  
The GRAIL mission to the Moon with its twin spacecraft orbiting a few tens of 
kilometers above the lunar surface has provided the most detailed global picture of lunar 
gravity of any solar system body, and unlikely to be surpassed in the foreseeable future.  
Roles: Professor Maria T. Zuber, MIT, was the GRAIL Principal Investigator. The 
mission launched in 2011 was managed by JPL. 
 

   
GRAIL mission (L); Lunar free-air gravity field (R) 
 
Lunar Topography:  
The topography of a planetary body can tell a great deal about its history.  The LOLA 
instrument, a laser altimeter on the LRO mission at the Moon, has been acquiring 
topographic data for over 8 years resulting in a very accurate determination of the global 
shape and topography of the Moon.  The LOLA instrument was developed at NASA 
GSFC.  The combination of the gravity field from GRAIL and the topography from 
LOLA has provided a detailed description of the anomalous mass distribution within the 
lunar crust and mantle.  LRO was launched in 2009 and continues to operate in lunar 
orbit.  
 

  
LOLA instrument (L); Lunar topography (R) 
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Mercury Gravity and Topography:  
The investigation of the interior structure of Mercury was a prime objective of the 
MESSENGER mission to Mercury. The MIT-GSFC group was responsible for the 
gravity and topography investigations.  The mission carried the MLA laser altimeter, but 
because the orbit of the spacecraft was highly eccentric the altimeter could only operate 
over the northern hemisphere despite its long range of over 1600 km.  The gravity field 
was similarly impacted by the eccentricity of the orbit but a global gravity field was 
obtained leading to major discoveries and questions about the structure of the Mercury 
core and mantle. The MESSENGER mission was managed by JHUAPL. 
 

  
MLA instrument (L); Northern hemisphere topography (R) 
 
Mars Topography and Gravity:  
The Mars Global Surveyor spacecraft carried the first planetary laser altimeter (MOLA) 
beyond the Moon and made a significant contribution to our understanding of Mars by 
providing an accurate global shape and topography model of the planet revealing the low, 
flat northern pains in considerable detail.  The MOLA instrument was used to measure 
the seasonal accumulation of carbon dioxide on the polar caps.  The investigation was led 
by MIT/GSFC with GSFC providing the laser altimeter.  MIT roles: MOLA PI (Smith) 
and Dep PI (Zuber)  The mission was managed by JPL. 
 

  
MOLA instrument (L); Mars’ topography (R) 
 
Clementine Mission: 
The Clementine mission was a Department of Defense mission to the Moon launched in 
1992.  Among the instrumentation was a hi-res imager that also had a laser ranging 
system of modest accuracy and range capability.  However, the success of the mission 
plus the Clementine tracking data gave us the first near-global topographic and gravity 
maps of the Moon, and spurred follow on missions a decade later.  Role: Member of the 
Clementine science team. 
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NEAR Shoemaker Mission to Asteroid 344 Eros: 
The NEAR mission was the first asteroid rendezvous mission and the first NASA 
Discovery Mission, launched Feb. 1996.  The spacecraft touched down on the asteroid on 
Feb. 2001.  One of the instruments was a Laser Rangefinder that operated like a laser 
altimeter and provided data for constructing the shape of 344 Eros. Role: Member of the 
NLR Science Team, Maria Zuber Team Ldr.  The mission was managed by JHU/APL. 
 

  
Shape and surface slopes of Asteroid 344 Eros. 
 
Participation in other planetary missions: 
Dawn:  Co-Investigator 
Mars Reconnaissance Orbiter: Member of Gravity Team 
 
Lageos:  
Lageos is a passive spacecraft designed for precision laser ranging from Satellite Laser 
Ranging stations.  The spherical spacecraft, covered with laser reflectors was launched in 
1976 into a 110o inclination, near circular orbit of 5900 km altitude.  The purpose was to 
enable the measurement of large distance on the Earth in order to measure the motion of 
the tectonic plates, the Earth’s rotation, and the time variable low degree gravity field.  A 
similar spacecraft, Lageos 2 was built by Italy and launched in 1992.  Roles: Project 
Scientist for Lageos and the Study Scientist for Lageos 2. 
 

  
Lageos spacecraft (L) and SLR network in 2017 (R) 
 
Crustal Dynamics: 
The Crustal Dynamics Project (CDP) was a NASA program with major international 
participation that employed space geodetic techniques (SLR, VLBI, GPS) for measuring 
the movements of the Earth’s crust for approximately a decade beginning 1980.  The 
program successfully detected the motions of the major tectonic plates, variations in the 
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length of day and the position of the rotation pole.  Role: Project Scientist for CDP, 
which was managed by GSFC. 
 
  




