The Solar system - |l

“Planets”

“Dwarf
Planets*
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Koupelis : chapters 7 & 8
OpenStax : chapters | 1,12 & 13

Moons in the Solar system

Number of moons: Jupiter: 79, Saturn: 62, Uranus: 27, Neptune: 14

The Solar System

Gas planets




Jupiter

Jupiter - internal structure

— Gaseous hydrogen

——— Density about
1 gram/cm?

— Metallic hydrogen

——— Density about
4 grams/cm3

Core of iron, rock, and water
Density at center about
15 grams/cm?




Jupiter - a system of thin rings

www.missionjuno.swri.edu

www.missionjuno.swri.edu
= k balies



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

Ganymede
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The largest moons in the solar system

Moons of the Solar System Scaled to Earth's Moon

Eath  Mars  Asteroid  Jupiter Satum Uranus Neptune Pluto




lo - amoon with vulcanoes

lo - amoon with vulcanoes

Tidal heating
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Europa - ice & water ?

cryovolcanism

Hubble:

UV observation:
plumes

200 km high
water vapor

Europa - water & life ?

fresh ice.
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ESA’s Cosmic Vision programme:
2023 launch of JUICE mission to Jupiter

Arrival: 2031




Saturn - internal structure

__— Molecular hydrogen gas

___— Helium droplets
in hydrogen

Earth for comparison " Metallic hydrogen

Rock, iron, and water core

Average density of Saturn: 0.687
— could float on water!

Saturn

majestic rings




Ring system seen from Earth View from Earth
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Saturn’s orbit

3 perspectives on Saturn

seen from Earth

the Earth
in 4 pixels

{

from Cassini from within Saturn’s shadow

Rings

Kepler’s laws
are valid here
too!

gaps and
compressions due
to resonances with
the many moons




countless rings...

Colombo Gap

Rings - mysterious dark ‘spokes’

Small moons disturb the rings and cause ‘waves’.




vertical waves cast shadows

two kinds of spiral waves

« to Saturn

density waves T corrugated waves T

Two ‘shepherd-moons’
Prometheus & Pandora
maintain and shape
the F-ring.




The Cassini-Huygens mission
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Saturn - a variety of moons

Dione

Hyperion

Epimetheus lapetus

lapetus - a moon with two faces...

...and an equatorial mountain ridge.




Enceladus

a mysterious ice-moon

Global Ocean on
Saturn’s Moon
ENCELADUS

Global ocean

Rocky core

South polar region
with acti

ice-geysers

OCEAN : -




Geysers ‘feed’ the E-ring

Titan - the largest Moon of Saturn

———

a thick, cold atmosphere filled with smog




A special near-infrared filter (937 nm)
allows some vision through

Mapping the surface with radar.

Ontar

90 km




Clouds on Titan change with the seasons. Sunlight reflects in a lake

——

The Cassini-Huygens mission

Titan - ayoung surface with much erosion

Infrared image from 16km altitude:
through the smog. rivers, clouds, shoreline? the surface...

rivers and lakes of liquid methane, ethane
and other organic compounds




Uranus

25,600 km - Molecular
Wi hycrogen gos

Iron and rock

Earth for
comparison

Uranus - a system of rings

and many moons

Aug 1
94

Uranus - extreme obliquity of the rotation axis

URANUS

N - -

Rotation
axis




Neptune

Triton

Neptune - again, a system of rings

JWST (2022)
emitted infrared light

Voyager 2 (198)
backlit, scattered optical light

Uranus & Neptune - why are they blueish?

*o

White light

All colors mixed

/"/\-/
/" Blue light not

absorbed




Dwarf planets

Solar system

The elliptical orbits
of Dwarf Planets

Ceres

a dwarf planet between Mars and Jupiter in the asteroid belt

a differentiated
internal structure rotation period: 9 hrs
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best image by the HST
a rocky core with an icy mantle
950 km diameter and a dusty surface

Ceres

a dwarf planet between Mars and Jupiter in the asteroid belt




Pluto & Charon

a double dwarf planet

Pluto & Charon with four
newly discovered moons

See: New Horizons mission to Pluto http://pluto.jhuapl.edu



http://pluto.jhuapl.edu
http://pluto.jhuapl.edu

Pluto - a thin, layered atmosphere

Eris and its moon Dysnomia
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Eris : 559-year orbit
0.3% of Earth mass
2850 km diameter (82% of Moon diam.)

Dysnomia : 16-day orbit
indicates mass of Eris
1/8™ the diameter of Eris
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mall Solar System Bodies’

Asteroid belt:

Carbonaceous (C-type)
Metallic (M-type)
Silicaceous (S-type)

Ceres (dwarf planet)

Oort clo
non-periodic comets




“Small Solar System Bodies’

the orbits of asteroids

The animation represents a map of the increased count

of all known asteroids in the solar system between

Jan. 1, 1999 and Jan. 31, 2018. (Blue represents near-Earth
asteroids. Orange represents main-belt asteroids between
the orbits of Mars and Jupiter.)

Asteroids

Gaspra

’ Mathilde

Ida & Dactyl Itokawa

Vesta - one of the largest asteroids.

The Netherlands
on the same scale.




NEAR spacecraft in orbit around Eros

Asteroid sample return missions
Hayabusa-2 at Ryugu O:siris-REX at Bennu

>520 m<

image from surface of Ryugu

sample from Bent




DART - Double Asteroid Redirection Test

changing the orbit of asteroid moon Dimorphos

26 September 2022 Orbitallperiod:|IIIs5E=> 11230

www.nasa.gov/dart

Arrokoth: the most distant object visited

New Horizons mission time line
Launch 219 Jan 2006
Jupiter flyby ~ :28 Feb 2007
Pluto flyby ~ :14Jul 2015
Arrokoth flyby : | Jan 2019

Comets

Halley

Tempel |

Borrelly



http://www.nasa.gov/dart




Comets - composition

Direction of comet’s motion
«

lon tail

Orbit Nucleus

Comets - asource of meteorites

Perseid meteors (August | |-13):
Earth passing through debris from comet Swift-Tuttle

Next lecture: the Sun & the stars

* Magnetic fields & stellar activity
* Stellar classification
* The Hertzsprung-Russel diagram







