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Astronomy 4800 – Space Science: Practice & Policy

ASTR 4800 - Space Science: Practice & Policy
Today: The Juno Mission to Jupiter – Guest lecture by Dr. 

Fran Bagenal
•Exam #2 on Wednesday.

•Includes all readings & 
lectures Oct. 12 – Nov. 14. 

•See PowerPoint class notes 
on class website

•Also allowed to bring one 
page (front & back) with notes

•Homework #3 due today by 
5 pm.

By Isobel Whitcomb at Space.com
• University of St. Andrews, Scotland –

new SETI Detection Hub

• Only protocol from 1989 by SETI 

Institute

• Focuses on receiving/response – not 

sharing knowledge

• To include interdisciplinary sciences and 

humanities

Question: Who should be involved with 

creating this protocol?  Governments? 

Science Academies? And do you think it is a 

good use of time?

Meggan Amos

Juno

Juno

Orbiting Jupiter since 

4th July 2016

Fran Bagenal, LASP

Juno Jupiter
Mass 318 MEarth

Radius 11 REarth

JYear 12 Years 

Orbit 5.2 AU

Temperature (Kelvin)

Atmospheric pressure

at cloud deck similar 

to pressure we breath 

here on Earth's 

surface

km

NH3

NH4SH

H2O

Ammonia clouds
colored by ??

Remember atmosphere is 

99% hydrogen & helium

Juno

What do 
these 

pressures 
MEAN?????

Saturn:

•Same size

•1/3 mass

•1/3 density

1 2 3

4 5 6

https://www.youtube.com/watch?v=NmHOj8VQvNE
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Atmospheric 

Pressure

at the Surface of 

Earth

1 bar

= 14.7 pounds/sq. inch x g

= 10,000 kg / m2 x g

Air pressure in 

this room = 

pressure through 

your feet with 4 

people standing 

on your 

shoulders

Pressure you need to multiply by g=10 m/s2

– this will give you proper MKS units of Pascal

Juno Pjupiter~50 Mbars

That's 1000 

elephants 

standing on top of 

each other, with 

the bottom 

elephant standing 

on one leg, 

balancing on a 

stilletto heel

BIG Q: What's inside?

Juno's Goals: 

Where's the water?

How did the gas
giant planets form?

And, since we are flying over the poles...

How does the aurora work?

Gas giant planets formed beyond the frost line 

where hydrogen gas captured onto ice core

JEDI

High-energy particles

JADE

Low-energy particles

Magnetometer

JIRAM

IR spectrometerWaves

Radio &

plasma

JunoCam

camera

UVS

UV spectrometer

Gravity Science

MWR

Microwaves

SPACECRAFT 
DIAMETER: 20 m 
POWER: ~500 W 
SPIN PERIOD: 30 s

Earth Flyby

Maneuvers

Deep Space

Jupiter Orbit Insertion

Juno 
Launch 
5 Aug
2011

7 8 9

10 11 12
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Synchrotron emission 10 MeV electrons

Observed since early 60s

Very Large Array 

– New Mexico

The Orbit: Key to Whole Mission

Polar Orbits 
Precess due to 

Planet's 
Oblateness

2 Hours

pole-to-pole!

~1500 miles 
above 
clouds

Rotation and Shape

Jovian planets 
are not quite 

spherical 
because of
their rapid 
rotation

10%

Oblateness

bit less 

at Jupiter

bit more at 

Saturn

Juno

Aug. 2016

– Oct. 2022

Orbiting Jupiter since 2016

Perijoves 1-46

Juno Juno’s Motion Doppler Shifts Radio Signal

Juno’s Motion Reveals Jupiter’s Gravity

• No distinct core

• Heavy 

elements 

partially mixed

• Helium raining 

out of outer 

layer

• All boundaries 

fuzzy?!

Modeling Jupiter's 

Interior to Match 

Juno Gravity Data

Heavy 

elements 

mixed with 

metallic H to

~40% radius

13 14 15

16 17 18
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Measuring Jupiter’s
Magnetic Field

~2.5 Mbar
phase 

transition
R ~ 0.8

- 0.95 RJ

Molecular state

Plasma state

• At Plasma Phase Transition 

Hydrogen is conducting

• Jupiter spins every 10 hours

• Internal heat drives convection

► strong magnetic dynamo

Juno Magnetic Field Geometries at Earth and Jupiter

Magnetic field @ surface

Juno Juno - based magnetic field model

Huge N-S 

asymmetries!

North South

Juno Jupiter’s Magnetosphere

Earth

• Strong Magnetic Field
Bpole~ 23 x Earth

• Large
100 x Earth

• Rotation-dominated
10 hour period

• Io plasma source
~1 ton/sec S,O ions

Juno first to explore Jupiter's polar magnetosphere

Juno

Europa

Callisto

Ganymede

Jupiter’s magnetic field 

extends beyond orbits of 

the 4 big moons

• Io ejects 1 ton per 

second volcanic gases

• Million Amp currents 

couple Io to Jupiter

Hubble Space Telescope

19 20 21

22 23 24
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Hubble Space Telescope

Juno UVS

Jupiter's 

aurora is 

structured & 

dynamic

Juno 

JIRAM

North South
Magnetic 

Anomaly

Juno

Where’s the water?

What drives the winds?

Jupiter’s Atmosphere

• All planets but Uranus radiate twice as 

much energy it receives from Sun

• Energy probably comes from

differentiation - denser material sinking

• WHY is Uranus so different?

Internal Heat of Jovian Planets

M
ic

ro
w

av
e

In
fr

aR
ed

km

Infra Red & Microwave Radiometry

Infra Red
Juno-JIRAM 5 Micron

Using the Internal Heat to Map the Water

25 26 27

28 29 30
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MWR Sees Beneath The Clouds...

HEAT

Juno's observations of microwaves coming 

from the interior show absorption by ammonia 

in a deep circulation pattern

First hints of

deep circulation..... Juno-MWR Team

NH3 Concentration [pp 
Microwave measure

m] from
ments

Not so simple!

-300

km

km 

0

-100

-200

Belts & Zones 243 days

24 hours

10 hours

Faster rotation

-> more,

narrower 

bands

•36

Jupiter's Belts & Zones Similar to Earth

• Rotation dominated – Jupiter spins faster

• Many more cells

• More round than flat

• No oceans, no land

More round 

Than flat

Gravity data indicates 

cells ~1000 km deep

31 32 33

34 35 36
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Cyclonic 
Anticyclonic

Cyclonic

Anticyclonic

Cyclonic 

Anticyclonic 

Cyclonic

How Deep Do the 

Cells Go?

Are Winds Stopped 

by Interaction with 

Dynamo?

With....???

What does 

Juno see with 

the visible-light 

camera?

JunoCam

Added to take 

some snaps for 

the public....

Spinning spacecraft, close up, 

moving fast –> snapshots

https://www.missionjuno.swri.edu/junocam

Citizen Science: Involving Public Day 1

NASA / SwRI / MSSS

/ Björn Jónsson

True vs Enhanced 
Color

Crank the color!!

NASA/JPL-Caltech/SwRI/MSSS/Thomas Thomopoulos

37 38 39

40 41 42

http://www.missionjuno.swri.edu/junocam
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NASA/JPL-Caltech/SwRI/MSSS/Brian Swift/Navaneeth Krishnan

Crank the contrast! Citizen 

Art!

NASA / SwRI / MSSS / Kevin M Gill

Citizen Science: Atmospheric Dynamics

PJ14

PJ29
NASA / SwRI / MSSS /Kevin Gill

NASA / SwRI / MSSS / Björn Jónsson

43 44 45

46 47 48
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Looking out of an airplane window PJ13

NASA / SwRI / MSSS
/Gerald Eichstadt
/Sean Doran

NASA / SwRI/MSSS /Gerald Eichstadt/Sean Doran NASA / JPL / MSSS / Gerald Eichstädt / Sean Doran

Danny the Dolphin!!

NASA / SwRI / MSSS /Kevin M. Gill

49 50 51

52 53 54
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NASA/JPL-Caltech/SwRI/MSSS/Kevin M. Gill

BOWLING BALL 
JUPITER

South Pole

North Pole

IR Visible

First View 
of Jupiter's 

Poles

Great Red Spot: Observed for centuries

Hubble Space Telescope

Voyager 2 – 1979

Movie taken over many days

6 day 

circulation

23,000 km

1
2

,4
0

0
km

Size of GRS at Voyager

If 300 km deep

If 1000 km deep

What does Juno find??!!

NASA / SwRI /
MSSS / Taylor
Parrott

55 56 57

58 59 60
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NASA / SwRI / MSSS / Gerald 
Eichstadt / Sean Doran NASA/ SwRI / MSSS / Kevin M. Gill

visible

Wavelength, cm:

1.37

3

5.75

11.55

24

50

Depth, km:

~0 

10

30

80

150

350

Jupiter’s Great Red Spot Is Surprisingly Deep!

Bjorn Jonsson

Still Shrinking!
Not bad for a "public outreach" camera, eh?

NASA / JPL / MSSS / Gerald Eichstädt / Sean Doran

61 62 63

64 65 66
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Juno Juno Extended Mission – 75 orbits – Sept. 2025

IF spacecraft survives the radiation....

Juno Orbit 37

June 2021

Ganymede

Juno Orbit 45

Sept 2022

Europa

JIRAM

InfraRed JWST!! Go Juno!

67 68 69

70 71 72


