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Presentation Notes
This Juno presentation is designed for public audiences, and can be modified to meet the user’s specific needs. For questions or comments related to the presentation (including the images it contains), email juno_outreach@jpl.nasa.gov.This presentation is available for download at http://www.nasa.gov/juno. See the file name for the date the presentation was last updated (i.e., what version you have). For example: “JunoMissionOverview_20140501.ppt” was created on May 1, 2014.



Juno Status 

 Launched August 2011 
 Earth flyby October 2013 
 Jupiter arrival July 4, 2016 
 Spacecraft is healthy and all instruments 

are working.   



Juno Science 
Juno Science Objectives 

 
Origin 
Determine the abundance of water and 
place an upper limit on the mass of 
Jupiter’s dense core to decide which 
theory of the planet’s origin is correct 
 
Interior 
Understand Jupiter’s interior structure 
and how material moves deep within the 
planet by mapping its gravitational and 
magnetic fields 
 
Atmosphere 
Map variations in atmospheric 
composition, temperature, cloud opacity 
and dynamics to depths greater than 100 
bars at all latitudes 
 
Magnetosphere 
Characterize and explore the three-
dimensional structure of Jupiter's polar 
magnetosphere and auroras. 

Juno Instruments 
**** Gravity Science (JPL, ASI) 
**** Magnetometer— MAG (GSFC) 
**** Microwave Radiometer— MWR (JPL) 
**** Jupiter Energetic Particle Detector— JEDI (APL) 
**** Jovian Auroral Distributions Exp.— JADE (SwRI) 
**** Plasma Waves Instrument—  Waves (U of Iowa) 
**** UV Spectrometer— UVS (SwRI) 
**** Infrared Camera— JIRAM (ASI)  
**** Visible Camera— JunoCam (Malin) 



Magnetometer 
(2 sensors, 4 support cameras) 

JADE 
(4 sensors ) 

JEDI 
(6 sensors ) JIRAM 

Waves 
(2 detectors) 

JunoCam 

UVS 

Gravity Science 
(2 sensors) 

MWR 
(6 sensors ) 

SPACECRAFT DIMENSIONS 
Diameter: 80 feet (20 meters) 
Height: 15 feet (4.5 meters) 

Spacecraft & Payload 

Presenter
Presentation Notes
Solar Arrays: length of each solar array 29.5 feet (9 meters) by 8.7 feet (2.65 meters). Total surface area of solar arrays: more than 650-feet (60-meters) squared. Total number of individual solar cells: 18,698. Total power output (if optimized to operate at Earth’s distance from sun): approximately 14 kilowatts; (Jupiter distance from sun): approximately 400 watts.Weight: 7,992 pounds (3,625 kilograms) total at launch, consisting of 3,513 pounds (1,593 kilograms) of spacecraft, 2,821 pounds (1,280 kilograms) of fuel and 1,658 pounds (752 kilograms) of oxidizer. In other words more than half of the mass at launch was propellant!There are 9 Juno instruments. There are only 8 science instruments.  (JunoCam is an instrument for education and public outreach, not a science instrument.)For more detailed descriptions of the Juno science payload of instruments, see: http://missionjuno.swri.edu/HTML/junospacecraft_instruments/50









The microwave antennas 
are distributed around 
the spacecraft and view 
perpendicular to the 
spacecraft spin axis 

Microwave Radiometer (MWR) Experiment 

Along-track scanning 

θ 
nadir view 

off-nadir 
view emission 

angle 

120° Field of 
View 

A1: patch array 

A3 - A5: slot 
arrays 

A2: patch array 

A6: horn 

Presenter
Presentation Notes
**See movie “vlamoviecropped.gif”**A key Juno measurement is made by measuring microwaves - similar to radiation used in microwave ovens - emitted by Jupiter’s atmosphere. All objects give off radiation.  The hotter an object, the more radiation it emits. Jupiter is hotter on the inside than the outside (because it is still cooling off from it’s formation, 4.5 Billion years ago !)   Longer wavelengths are able to make their way out from deeper in the atmosphere, so the microwaves we collect will have come from deeper (hotter) in the atmosphere than we can see with visible light, and the six different channels will come from six different depths. Juno’s orbit and the fact that the spacecraft is spinning allows each of the 6 channels to observe each latitude on the planet from a wide range of angles.  Microwaves are absorbed by water and ammonia. By measuring the flux of microwaves at different wavelengths and different angles, we can understand how the temperature and atmospheric absorption vary and figure out the amount of water and ammonia.Juno uses six antennas to measure Jupiter’s brightness at six wavelengths between 1.3 cm and 50 cm. Each antenna effectively sees a different depth (or range of depths).Images shown on this slide:Lower left: Jupiter as seen with microwaves from Earth.  Very bright synchrotron radio emission reveals the radiation belts around Jupiter’s middle. Data from the Very Large Array in New Mexico. Middle: Black circles represent fields of view for individual MWR measurements as Juno passes north to south over Jupiter during a close pass. Right: Diagram of Jupiter’s atmosphere showing longer wavelengths of microwaves coming from deeper down. Pressure in bars given, along with approximate locations of the Ammonia and water cloud layers. * 1 bar (or 1 atmosphere) is equal to the atmospheric pressure on Earth at sea level. 



Juno’s Microwave 
Radiometer measures 
thermal radiation from 
the atmosphere  
 
1000 atmospheres 
pressure (~500-600km 
below the visible cloud 
tops). 
 
Determines water and 
ammonia abundances 
in the atmosphere all 
over the planet 

Sensing the deep atmosphere 
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Presentation Notes
A key Juno measurement is made by measuring microwaves - similar to radiation used in microwave ovens - emitted by Jupiter’s atmosphere. All objects give off radiation.  The hotter an object, the more radiation it emits. Jupiter is hotter on the inside than the outside (because it is still cooling off from it’s formation, 4.5 Billion years ago !)   Longer wavelengths are able to make their way out from deeper in the atmosphere, so the microwaves we collect will have come from deeper (hotter) in the atmosphere than we can see with visible light, and the six different channels will come from six different depths. Juno’s orbit and the fact that the spacecraft is spinning allows each of the 6 channels to observe each latitude on the planet from a wide range of angles.  Microwaves are absorbed by water and ammonia. By measuring the flux of microwaves at different wavelengths and different angles, we can understand how the temperature and atmospheric absorption vary and figure out the amount of water and ammonia.Juno uses six antennas to measure Jupiter’s brightness at six wavelengths between 1.3 cm and 50 cm. Each antenna effectively sees a different depth (or range of depths).Images shown on this slide:Lower left: Jupiter as seen with microwaves from Earth.  Very bright synchrotron radio emission reveals the radiation belts around Jupiter’s middle. Data from the Very Large Array in New Mexico. Middle: Black circles represent fields of view for individual MWR measurements as Juno passes north to south over Jupiter during a close pass. Right: Diagram of Jupiter’s atmosphere showing longer wavelengths of microwaves coming from deeper down. Pressure in bars given, along with approximate locations of the Ammonia and water cloud layers. * 1 bar (or 1 atmosphere) is equal to the atmospheric pressure on Earth at sea level. 



Juno’s Microwave Radiometer 
measures thermal radiation from 
the atmosphere to as deep as 
1000 atmospheres pressure 
(~500-600 km below the visible 
cloud tops). 

 

Determines water and ammonia 
abundances in the atmosphere 
all over the planet 

Sensing the deep atmosphere 

Synchrotron radio emission from the radiation belts makes this kind 
of measurement  impossible from Earth 

Presenter
Presentation Notes
**See movie “vlamoviecropped.gif”**A key Juno measurement is made by measuring microwaves - similar to radiation used in microwave ovens - emitted by Jupiter’s atmosphere. All objects give off radiation.  The hotter an object, the more radiation it emits. Jupiter is hotter on the inside than the outside (because it is still cooling off from it’s formation, 4.5 Billion years ago !)   Longer wavelengths are able to make their way out from deeper in the atmosphere, so the microwaves we collect will have come from deeper (hotter) in the atmosphere than we can see with visible light, and the six different channels will come from six different depths. Juno’s orbit and the fact that the spacecraft is spinning allows each of the 6 channels to observe each latitude on the planet from a wide range of angles.  Microwaves are absorbed by water and ammonia. By measuring the flux of microwaves at different wavelengths and different angles, we can understand how the temperature and atmospheric absorption vary and figure out the amount of water and ammonia.Juno uses six antennas to measure Jupiter’s brightness at six wavelengths between 1.3 cm and 50 cm. Each antenna effectively sees a different depth (or range of depths).Images shown on this slide:Lower left: Jupiter as seen with microwaves from Earth.  Very bright synchrotron radio emission reveals the radiation belts around Jupiter’s middle. Data from the Very Large Array in New Mexico. Middle: Black circles represent fields of view for individual MWR measurements as Juno passes north to south over Jupiter during a close pass. Right: Diagram of Jupiter’s atmosphere showing longer wavelengths of microwaves coming from deeper down. Pressure in bars given, along with approximate locations of the Ammonia and water cloud layers. * 1 bar (or 1 atmosphere) is equal to the atmospheric pressure on Earth at sea level. 
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Atmospheric Dynamics 

Radiometry 
investigates 
atmospheric 
structure 
 
 
Gravity 
investigates 
differential 
rotation 



Precise Doppler measurements of 
spacecraft motion reveal the gravity 
field. 
 
Tides provide further clues. 

Tracking changes in Juno’s 
velocity reveals Jupiter’s 
gravity (and how the planet 
is arranged on the inside). 

Mapping Jupiter’s gravity 

Presenter
Presentation Notes
Juno makes use of the Doppler Shift* in tracking the spacecraft’s motion during close passes over Jupiter. Gravity comes from the entire planet, but varies by tiny amounts from place to place based on how material is arranged within. Radio signals (X-Band and Ka-Band frequencies) are sent to the spacecraft, which beams the signals right back to Earth. Since variations in Jupiter’s gravity from place to place affect the spacecraft’s motion, these variations in gravity are imprinted upon the shifting radio signal.A Water Vapor Radiometer (at the NASA Deep Space Network Goldstone, CA) is used to reduce errors in the measurement introduced by water in Earth’s atmosphere.Small tides in Jupiter caused by the moons may be detected by Juno, providing further clues about the planet’s interior structure.  *The Doppler Shift is the shift in frequency of waves caused by an object’s motion toward or away from the observer. A familiar example is the change in pitch of a train’s whistle as it passes you. The sound gets higher in pitch as the train approaches, and lowers in pitch as the train moves away. In Juno’s case the Doppler shift in the spacecraft’s radio signal is measured as the spacecraft’s motion toward and away from Earth changes during close passes over Jupiter.





 Polar Magnetosphere Exploration 

Location is Key: Juno passes directly 
through auroral field lines. 
 
A suite of instruments are used to 
understand the physics: 
JADE, JEDI, MAG, Waves, JIRAM, UVS 



15 
http://missionjuno.swri.edu    click on “Junocam” 

“Science In A Fishbowl” 



Juno is part of NASA’s 3D interactive, Eyes on the Solar System… 

solarsystem.nasa.gov/eyes 

Fly along with Juno 

Presenter
Presentation Notes
Juno is part of NASA’s 3D interactive, Eyes on the Solar System. Try it at http://solarsystem.nasa.gov/eyes.





backup 

 



Juno Payload 
 

X and Ka Band Gravity Science (JPL/ASI) 
 
Magnetometer— MAG/ASC (GSFC/DTU) 
 
Microwave Radiometers— MWR (JPL) 
 
Energetic Particle Detectors—JEDI(APL) 
 
Jovian Auroral Distributions — JADE (SwRI) 
 
Waves (U of Iowa) 
 
UV Spectrograph— UVS (SwRI) 
 
Visible Camera - JunoCam (Malin) 
 
IR Camera/Spectrometer –JIRAM  (ASI) 
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Juno’s  Science Objectives 
Origin 
 Determine O/H ratio (water abundance) and 

constrain core mass to decide among 
alternative theories of origin. 

 
Interior 
 Understand Jupiter's interior structure and 

dynamical properties by mapping its 
gravitational and magnetic fields 

 

Atmosphere 
 Map variations in atmospheric composition, 

temperature, cloud opacity and dynamics to 
depths greater than 100 bars at all latitudes. 

 

Magnetosphere 
 Characterize and explore the three-dimensional 

structure of Jupiter's polar magnetosphere and 
auroras. 
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Jupiter’s magnetosphere near the planet’s poles is a completely 
unexplored region! 

Exploring the Polar Magnetosphere 

Juno’s investigation will provide new insights 
about how the planet’s enormous magnetic 
force field generates the aurora. 

Presenter
Presentation Notes
As the famous real estate saying goes, the three most important factors for studying the aurora are location, location, location ! Juno’s special polar orbit carries the spacecraft into this completely unexplored region around the planet’s poles.Electrically charged atomic particles travel along magnetic field lines and crash into the atmosphere. When these particles crash into the atmosphere they create light called auroras (northern and southern lights). Because they follow the magnetic field lines, we can study the aurora by measuring the particles which hit the spacecraft on auroral field lines, intercepting a few of the electrons and ions before they crash into the upper atmosphere.  Juno’s unique orbit takes it across nearly all of the magnetic field lines, and places our infrared and ultraviolet cameras in position to take pictures of the aurora at the same time we are measuring the particles on auroral field lines.  What we learn from studying Jupiter’s magnetosphere provides insight into the workings of similar magnetic objects throughout the universe, such as young stars with their own powerful magnetic fields.Jupiter’s magnetosphere is driven by Jupiter’s rotation, in addition to solar wind (while Earth’s is largely driven by our magnetosphere’s interaction with the sun). Electrical interactions with Jupiter’s satellites and material pouring into the magnetosphere from volcanoes on the moon Io also play a major role. The unexplored polar magnetosphere is key to understanding these processes. - Juno passes directly through the lines of Jupiter’s magnetic field along which particles flow that create the planet’s stunning auroral displays.- Measures particles precipitating into atmosphere creating aurora- Plasma/radio waves reveal processes responsible for particle acceleration- Ultraviolet & infrared images provide context for the in-situ observations noted above



Juno’s Flight Plan, or Trajectory 

Presenter
Presentation Notes
Note also that if Juno had used a bigger booster to travel directly to Jupiter, it would take more fuel to slow down upon arrival! Shown here:- A tilted view of the ecliptic plane, looking more or less onto the sun’s north pole (the direction of the vernal equinox is up)Tick marks are 30 days apart White spacecraft silhouette should be moved to Juno’s current position! See http://www.nasa.gov/juno or get it yourself at http://solarsystem.nasa.gov/eyes.



Salient Features: 
• First solar-powered mission to Jupiter 
• Eight science instruments to conduct gravity, 

magnetic and atmospheric investigations, plus 
a camera for education and public outreach 

• Spinning, polar orbiter spacecraft launched on 
August 5, 2011 

– 5-year cruise to Jupiter, arriving July 2016 
– About 1 year at Jupiter, ending with de-

orbit into Jupiter in 2017 
• Elliptical 11-day orbit swings below radiation 

belts to minimize radiation exposure 
• 2nd mission in NASA’s New Frontiers Program 
 
Science Objective: Improve our understanding 

of giant planet formation and evolution by 
studying Jupiter’s origin, interior structure, 
atmospheric composition and dynamics, and 
magnetosphere 

 
Principal Investigator: Scott Bolton 
Southwest Research Institute 
 

Juno Mission Overview 

Presenter
Presentation Notes
The Juno mission is the second spacecraft designed under NASA's New Frontiers Program. The first was the Pluto New Horizons mission, launched in January 2006 and scheduled to reach Pluto's moon Charon in 2015. The third mission will be the Origins-Spectral Interpretation-Resource Identification-Security-Regolith Explorer, or OSIRIS-Rex -- the first U.S. mission to carry materials from an asteroid back to Earth. The program provides opportunities to carry out medium-class missions identified as top priority objectives in the Decadal Solar System Exploration Survey, conducted by the Space Studies Board of the National Research Council in Washington.  More information at http://newfrontiers.nasa.gov/program_plan.html 









JOI to PJ1 Timeline 



PJ1 to PRM Timeline 
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