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The portable fast sampler
2 units at Arecibo, 4 units at Goldstone, 2 units at Green Bank

Data-Taking Hardware & Software
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720 MHz to 30 MHz
downconverter

Baseband mixer

Low-pass filters

Data-taking unit

5, 10, 20 MHz clock
distribution

JPL clone



Radar Observables
▶ Time delay t

▶ Doppler shift f

▶ Received power Pr

▶ Polarization properties Si

▶ Interferometric phase f

▶ Space-time correlation function c
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Radar Measurements
►Images
►Surface change
►Topographic maps
►3D shape

►Velocities
►Distances
►Orbits
►Spin orientation
►Spin rate
►Mass
►Bulk density
►Moments of inertia
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►Roughness
►Dielectric constant
►Near-surface density
►Composition



Range-Doppler Imaging and InSAR
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First Science Observations at GBT: Venus

GBT@20 – April 2021 – Jean-Luc Margot (UCLA)

Goal: measure the topography of several high-reflectivity, low-emissivity mountains to explain the 
relationship between surface emissivity, reflectivity, and altitude on Venus (PI: Don Campbell) 

Pettengill et al., 
JGR 97, 1992

Lunar topography
Margot et al., JGR 104, 1999Venus emissivity



An Auspicious Start
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Arecibo-GBT Radar Image of Venus
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Maxwell Montes
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Interferometric Fringes
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Second Science Observations: 2001 EC16
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Spin distribution of asteroids



Equal-Mass Binary Near-Earth Asteroid
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Courtesy Patrick Taylor
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2001 FO32

https://echo.jpl.nasa.gov/asteroids/2001FO32/2001FO32.2021.goldstone.planning.html

2017 VR12

https://echo.jpl.nasa.gov/asteroids/2017VR12/2017VR12_planning.2018.html

Apophis in 2021

https://www.jpl.nasa.gov/news/nasa-analysis-earth-is-safe-from-asteroid-apophis-for-100-plus-years

2011 UW158 and 1999 JD6

https://echo.jpl.nasa.gov/asteroids/2011UW158/2011UW158_planning.html

2004 BL86

https://www.youtube.com/watch?v=ef2kkhY0teM
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Courtesy Lance Benner

Other Near-Earth Asteroid Results



Importance of Near-Earth Asteroids
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No Evidence for Thick Deposits of 
(Clean) Ice at the Lunar South Pole

Campbell et al., Nature 443, 2006



Goldstone, CA Green Bank, WV

Green 1962, 1968
Holin 1988, 1992
Margot 2007, 2012

Radar Speckle Tracking
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Space-Time Correlations
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Orbital plane

Spin axis

Laplace plane

◆
✓

Margot et al., Science 316, 2007

Mercury is in Cassini State 1
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Mercury’s Core is Molten

g = (38.5 +/- 1.6) arcsec

Margot et al., Science 316, 2007
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Margot et al., in Mercury – The view after MESSENGER (eds S. C. Solomon, B. J. Anderson, L. R. Nittler), 2018

Measurement of Mercury’s Core Size
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Margot et al., Nature 
Astronomy 5, 2021.

Venus Spin Axis Orientation
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Venus Moment of Inertia
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Venus Length-of-Day Variations
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Margot et al., Nature Astronomy 5, 2021.



A New Era for Planetary Radar
Transmit from low-power (~1kW) Ku-band (13.9 GHz) 
prototype at GBT prime focus (with Raytheon) and 
receive at VLBA antenna in Hancock, NH.
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Courtesy Flora Paganelli



Happy Anniversary!

With deep gratitude to 
all the scientific and 
technical staff who have 
enabled radar 
observations at the GBT 
for more than 20 years.
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