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Missions to Jupiter

Year Mission Type

1973 Pioneer 10 Flyby

1974 Pioneer 11 Flyby

1979 Voyager 1 Flyby

1979 Voyager 2 Flyby

1992 Ulysses Flyby

1995 Galileo Orbiter/Probe

2000 Cassini Flyby

2007 New Horizons Flyby

2016 Juno Orbiter

2020s Europa Clipper† Orbiter

2020s Europa Lander† Lander

2020s JUICE† Orbiter
† Mission proposed/in-development 

Pre-Decisional Information – For Planning and Discussion Purposes Only



Radio Science Instrumentation
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Radio Science Instrumentation at Jupiter
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What does Radio Science do?

Typical Science Disciplines Experiment Types

Atmosphere

Interior

Magnetosphere

Gravity Science

Radio Occultations

Bistatic Scattering

In-Situ Radio Science
• Doppler Wind Experiments
• Surface Lander Tracking

Near-Surface



Investigations of the Atmosphere & Ionosphere

Phinney and Anderson, 1968
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Occultation Results

• Early results by Pioneer 
10/11 limited in scope by data 
analysis method used and 
poor instrumentation

• Galileo results limited by 
failure of HGA – stuck on 
LGA

• Voyager 1 and 2 occultations
of atmosphere and 
ionosphere still the best 
available today

Date Mission Type Lat ID #

Dec 4, 1973 Pioneer 10 Ingress 28°N P10N

Dec 4, 1973 Pioneer 10 Egress 58°N P10X

Dec 3, 1974 Pioneer 11 Ingress 80°S P11N

Dec 3, 1974 Pioneer 11 Egress 20°N P11X

Mar 5, 1979 Voyager 1 Ingress 12°S V1N

Mar 5, 1979 Voyager 1 Egress ~0° V1X

Jul 10, 1979 Voyager 2 Ingress 66°S V2N

Jul 10, 1979 Voyager 2 Egress 51°S V2X

Dec 8, 1995 Galileo Ingress 24°S J00N

Dec 8, 1995 Galileo Egress 43°S J00X

Nov 8, 1996 Galileo Ingress 28°S J03N

Dec 21, 1996 Galileo Ingress 23°S J04N

Dec 21, 1996 Galileo Egress 25°S J04X



Investigations of the Magnetosphere

Magnetosphere of Jupiter by John Spencer: https://www.boulder.swri.edu/~spencer/digipics.html

https://www.boulder.swri.edu/~spencer/digipics.html


Io Plasma Torus Occultations - Results

• Electrons in the IPT are dispersive: 

Folkner et al 2017 Phipps et al 2018
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𝑓&,$%

Frequency
Electron
Content

Models vs measurements allow refinement 
of Io Plasma torus model à improved 
magnetosphere models of Jupiter



Investigations of the Interior

• Examine changes in phase (frequency) as a 
spacecraft flies close to a celestial body to 
determine its’:
– Mass/density
– Spherical harmonics (gravitational field)

• Lower-degree terms: oblateness, rotational 
axis, deep interior structure

• Higher-degree terms: surface/crust 
properties, localized gravity features, e.g. 
mountains, craters

NASA / JPL: https://www.youtube.com/watch?v=ulzq_mlU-fA

https://www.youtube.com/watch?v=ulzq_mlU-fA


Juno and the New Age of Gravity Science

Galileo, Cassini, &
New Horizons flybys

Juno 

Pioneer &
Voyager

Galileo

Bolton et al 2017



More than Just the Interior…

Image credit: NASA / SwRI / MSSS / Gerald Eichstädt / Seán Doran
Wahl et al 2017 and Iess et al 2018

Even Harmonics: 
Interior Structure

Odd Harmonics:
Differential Rotation à Atmospheric Dynamics



The Interiors of the Galilean Moons

Image credit: NASA / JPL

Io: a more traditional terrestrial world

Callisto: undifferentiated ice and rock Ganymede: differentiated, is it an ocean world too?

Europa: differentiated with ice/water shell 80-170 km

Science References: Moore et al 2007, Anderson et al 1998, Anderson et al 1996, Anderson et al 2001



Europa’s Ionosphere Observed via Occultation

• Radio signal phase-advanced by 
electrons in planetary ionospheres

• Six occultations of Europa by Galileo 
found evidence of an active ionosphere 
on Europa

• Placed constraints on the size of 
Europa’s atmosphere

Kliore et al 1997
McGrath and Sparks 2017

Galileo E6b Flyby – Feb 25, 1997

240 km Ionosphere scale height implies a
120 km Atmosphere (neutral gas) scale height

• Further research discovered plumes 
coincident in location with occultation E6b 
where abnormally high electron density 
was observed

• Part of 4 independent detections of a 
long-lived pS1 plume activity on Europa



Future and Upcoming Investigations

NASA’s Europa Clipper
• …may measure tidal perturbations to the gravity field of 

Europa during flybys to detect a subsurface ocean (Park 
et al 2011)

NASA’s (potential) Europa Lander
• …may measure the local dynamic variability of the 

lander through tracking the Doppler shift between the 
lander and Earth or a relay spacecraft (Hand et al 2017)

ESA’s Jupiter Ice Moons Explorer (JUICE)
• …may probe the gravity fields of Ganymede, Callisto

and Europa along with radio occutlations of Jupiter 
with the 3GM instrument (Iess 2013)

Pre-Decisional Information – For Planning and Discussion Purposes Only
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The Importance of the Investigations

Atmosphere

Interior

Magnetosphere

Gravity Science

Radio Occultations

Cross-discipline collaboration – An Example from Juno

• Juno

• Pioneer
• Voyager
• Galileo
• Ulysses

Plasma 
Calibrations

Radius 
Measurement

T/P Profiles

Gravity Field



jpl.nasa.gov

References

Asmar and Renzetti, Deep Space Network as an Instrument for Radio Science Research, JPL 
80-93, 1993.

Kliore et al, Preliminary Results on the Atmospheres of Io and Jupiter from the Pioneer 10 S-
band Occultation Experiment, Science 183, 1973.

Lindal et al, The Atmosphere of Jupiter: An Analysis of the Voyager Radio Occultation 
Measurements, JGR 86, pp 8721-8127, 1981.

Bird et al, Ulysses Radio Occultation Observations of the Io Plasma Torus During the Jupiter 
Encounter, Science 257, 1992.

Hinson et al, Jupiter’s Ionopshere: Results from the first Galileo radio occultation 
experiment, Geophysical Research Letters 24, pp 2107-2110, 1997.

Asmar, S.W, Bolton, S.J, Buccino, D.R., et al, The Juno Gravity Science Instrument, Space 
Science Reviews, 2017.

Phinney, R.A., and D.L. Anderson, On the radio occultation method for studying planetary 
atmospheres, Journal of Geophysical Research, Vol 75, 1968.

Kliore et al, Temperature of The Atmosphere of Jupiter, Geophysical Research Letters 3, 
1976.

Hinson and Twicken, Galileo Radio Occultation Measurements of Jupiter’s Ionosphere, 
Stanford University, 2003.

Yelle R.V. and Miller S., Jupiter’s thermosphere and ionosphere, in Jupiter, Bagenal, 
Dowling, & McKinnon, Eds., 185-218, 2004.

Atkinson et al, The Galileo Probe Doppler Wind Experiment, Geophysical Research Letters, 
Vol 103, 1998.

Folkner et al, Earth-Based Radio Tracking of the Galileo Probe for Jupiter Wind Estimation, 
Science 275, 1997.

Tapley, B.D., Schutz, B.E., and Born, G.H., Statistical Orbit Determination, 50-56, Elsevier, 
Burlington, MA (2004)

Anderson et al, Gravitational Parameters of the Jupiter System from the Doppler Tracking of 
Pioneer 10, Science, Vol 183, pp 322-323, 1974.

Null et al, Gravity Field of Jupiter from Pioneer 11 Tracking Data, Science, Vol 188, pp 476-
477, 1975.

Campbell and Synnott, Gravity Field of the Jovian System from Pioneer and Voyager data, 
The Astronomical Journal 90, 1985.

Hubbard, Effects of differential rotation on the gravitational figures of Jupiter and Saturn, 
Icarus, 52, Issue 3, 1982.

Anderson et al, Europa’s Differentiated Internal Structure: Inferences from four Galileo 
encounters, Science 281, 1998.

Quick, Lynnae C. and Bruce D. Marsh, Constraining the thickness of Europa’s water–ice 
shell: Insights from tidal dissipation and conductive cooling, Icarus 253, 2015.

Folkner et al 2017, Jupiter gravity field estimated from the first two Juno orbits, Geophysical

Anderson et al., Gravitational constraints on the internal structure of Ganymede, Nature 384, 
1996.

Anderson et al., Shape, Mean Radius, Gravity Field, and Interior Structure of Callisto, Icarus, 
153, Issue 1, 2001.

Bolton et al, Jupiter’s interior and deep atmosphere, Science 356, 2017.
Whal et al, Comparing Jupiter interior structure models to Juno gravity measurements and 

the role of a dilute core, Geophysical Research Letters 44, 2017.
Iess et al, Measurement of Jupiter’s asymmetric gravity field, Nature 555, 2018.
Kaspi et al, Jupiter’s atmospheric jet streams extend thousands of kilometers deep, Nature 

555, 2018
Phipps et al, Radio occultations of the Io plasma torus by Juno are feasible, Journal of 

Geophysical Research, Vol 122, 2017.
Bird et al, Ulysses Radio Occultation Observations of the Io Plasma Torus During the Jupiter 

Encounter, Science, Vol 257, pp 1531-1535, 1992.
Yang et al., Juno Radio Science Observations and Gravity Science Calibrations of Plasma 

Electron Content in Io Plasma Torus, Abstract #SA43A-2645 of the 2017 
American Geophysical Union, Fall Meeting, 2017.

Phipps et al, Juno Perijove 1 radio occultation of the Io plasma torus, Journal of Geophysical 
Research, Vol 123, 2018.

Buccino et al, Initial Operations Expierence and Results from the Juno Gravity Experiment, 
IEEE Aerospace Conference, 2018.

Parisi, M., Galanti, E., Finocchiaro, S., Iess, L., and Kaspi, Y., Probing the depth of Jupiter’s 
Great Red Spot with the Juno gravity experiment, Icarus Vol 267, pp 232-242, 
2016.

Park et al, Detecting tides and gravity at Europa from multiple close flybys, Geophysical 
Research Letters 38, 2011.

Hand et al, Report of the Europa Lander Science Definition Team, Posted Feb 2017.
Iess, 3GM: Gravity and Geophysics of Jupiter and the Galilean Moons, Abstract 491 at 

European Planetary Science Conference, 2013.



jpl.nasa.gov

© 2019 California Institute of Technology. Government sponsorship acknowledged.


