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Contents of the Solar System

The Sun

Major Planets

— Terrestrial: Mercury, Venus, Earth, Mars

— Jovian planets: Jupiter, Saturn

. Gas Giants
— Ice Giants: Uranus, Neptune }

Moons

Dwarf Planet

— KBOs: Pluto, Quaoar, Eris, Sedna...
Asteroids

Comets
— misc. dust, meteoroids, solar wind particles...



Layout of the Solar System

Copyright © Addison Wesley
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Kuiper belt
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Both currently
near perihelion

Neptune
Uranus £

Sedna

P= 11,400 yr
discovered 2003
2012 VP113
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Oort Cloud




http://popperfont.net/2012/1 1/13/the-ultimate-solar-system-animated-gif/



http://popperfont.net/2012/11/13/the-ultimate-solar-system-animated-gif/
http://popperfont.net/2012/11/13/the-ultimate-solar-system-animated-gif/
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There are eight major planets with nearly circular orbits.

The planets all orbit in the same direction in nearly the same plane.



Motion of Large Bodies

« All large bodies 1n
the solar system
orbit 1n the same
direction and in

a nearly the same
plane.

« Most also rotate in
that direction.

— “prograde”



Dwarf planets are smaller than the major planets and some have
quite elliptical orbits.

Most dwarf planets & asteroids also revolve prograde.

Comets have highly elliptical orbits; often highly inclined from the
planetary plane.



Some dwarf planets
highly inclined

Eris
WELGEHELE

Pluto

<>

Neptune




A Closer ook at the Contents

The Sun

Major Planets

— Terrestrial: Mercury, Venus, Earth, Mars

— Jovian planets: Jupiter, Saturn

. Gas Giants
— Ice Giants: Uranus, Neptune }

Moons

Dwarf Planet

— KBOs: Pluto, Quaoar, Eris, Sedna...
Asteroids

Comets
— misc. dust, meteoroids, solar wind particles...



* The Sun

Earth shown
for size comparison

« QOver 99.9% of solar system's mass
« Made mostly of H/He gas (plasma)
« Converts 4 million tons of mass into energy each second



« Made of metal and rock; large iron core
« Desolate, cratered; long, tall, steep cliffs
 Very hot, very cold: 425°C (day), —170°C (night)

© 2014 Pearson Education, Inc.



Venus

* Nearly identical in size to Earth; surface hidden by
clouds

« Hellish conditions due to an extreme greenhouse effect
« Even hotter than Mercury: 470°C, day and night

© 2014 Pearson Education, Inc.



Earth

* An oasis of life
« The only surface liquid water in the solar system
« A surprisingly large moon

© 2014 Pearson Education, Inc.



Mars

* Looks almost Earth-like, but don't go without a spacesuit!
« Giant volcanoes, a huge canyon, polar caps, more
« Water flowed in distant past; could there have been life?

© 2014 Pearson Education, Inc.



Mars
* Curiosity rover landed in August 2012.

1 Friction slows spacecraft as it enters 2 Parachute slows spacecraft to about
Mars atmosphere. 350 km/hr.

As it flew overhead, the Mars Reconnaissance
Orbiter took this photo of the spacecraft with
its parachute deployed.

3 Rockets slow spacecraft to halt; “sky 4 Tether released, the rocket heads off
crane” tether lowers rover to surface. to crash a safe distance away.

http://www.jpl.nasa.gov/video/details.php?id=1001  1:00 mark



http://www.jpl.nasa.gov/video/details.php?id=1001
http://www.jpl.nasa.gov/video/details.php?id=1001

Jupiter

© 2014 Pearson Education, Inc.

Much farther from
Sun than inner
planets

Mostly H/He; no
solid surface

300 times more
massive than Earth

Many moons, rings



Saturn

Saturn

« Giant and gaseous like Jupiter
e Spectacular rings
« Many moons, including cloudy Titan

© 2014 Pearson Education, Inc.



Uranus

© 2014 Pearson Education, Inc.

Smaller than
Jupiter/Saturn;
much larger than
Earth

Made of H/He
gas and
hydrogen
compounds
(H,O, NH5, CH,)
Extreme axis tilt

Moons and rings



« Similar to
Uranus (except
for axis tilt)

 Many moons
(including Triton)

© 2014 Pearson Education, Inc.



Dwarf Planets: Pluto, Eris, and more

Charon

* Much smaller than major planets
* lcy, comet-like composition
* Pluto's main moon (Charon) is of similar size

© 2014 Pearson Education, Inc.




Selected Moons of the Solar System, with Earth for Scale

Earth Mars

Deimos

Scale: 1 pixel = 25 km

Ast':rold Jupiter Saturn Uranus Neptune Pluto Eris
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. . .
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Rhea




Asteroids

-

433 Eros-33x13km

NEAR, 2000
r 4
( 5535 Annefrank 2867 Steins
, 6.6 x5.0x3.4km 59x4.0km
Stardust, 2002 Rosetta, 2008
- 951 Gaspra
‘ 18.2x10.5x89km
Galileo, 1991 i
25143 Itokawa 9969 Braille
05x0.3x0.2km 21 X1 x1km
Hayabusa, 2005 Deep Space 1,1999
253 Mathilde - 66 x 48 x 44 km ¢
[(243) Ida ]
1.6x1.2km
Galileo, 1993 ‘ y
SMma 1P/Halley - 16 x 8 x 8 km 7.6 x4.9km
irregular Y
roc ky bOd €S 19P/Borrelly 81P/Wild 2
8 x4km 55x40x33km
243 |da-588x254x 186 km Deep Space 1,2001 Stardust, 2004

Galileo, 1993



Comets icy bodies




Formation of the Solar System

How did these things come to be?




What features of our solar system provide
clues to how it formed?

The solar system's layout and composition offer four Planets fall into two major categories: @ Swarms of asteroids and comets populate the solar system.
major clues to how it formed. The main illustration below planets and I W, jovian pi \ ocky asteroids and lcy com found throughout
shows the orbits of planels in the solar system from ted n thres dis!
a perspeclive beyond Neplune, with the planets s~ Neptune
themselves magnified by about a million times »
relative to their orbits.
@D asterold beit

) Large bodies in the t. ~ Oort cloud
Y solar system have ) | Se—— fon
orderly motions. Al
planeta heve noarly Tonrestrial Planets Jovian Planets

Satym

. Kuiper beft

® Uranus

‘K

Kuper belt

(‘ Several notable exceptions to these trends
T stand out Some planets have unusual axds tits
unusually large moons, or moons with unusual orbits.

Uranus's oad tlt Earn's relatiely krge moon

Mercury ,-’f’""

e T g - A
Jupitar ~t-=>S| L,‘ S . [ )
Venus &

Asteroid beit
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Clues to Solar System Formation

Venus 5un Mercury
Earth Mars
\_ Saturn
< 1S
g ranus
Neptune \
Jupiter
Pluto
ight @ Addison Wesley

Planar prograde motion: everything spinning in the same sense

cccccccccccccccccccccccccccccccccccccccccccccccccccccc



Two Major Planet Types

 Terrestrial
planets are
rocky, relatively

small, and close
¢ Q to the Sun.
terrestria  Jovian planets

lanet

p are gaseous,
larger, and
farther from the
Sun.

jovian planet




Jupiter

Some astronomers
now distinguish
between

Gas Giants
 Jupiter; Saturn

and

lce Giants
Uranus, Neptune

-
Neptune to scale

@ Earth to scale



Swarms of Smaller Bodies

-/ asteroid belt ~-.,.

oL Kuiperbelt oLt

LUt © Many rocky
I asteroids and
iIcy comets
populate the
solar system.

Jupiter \.-

k

= * Rocky things

i o close to the sun

 Icy things
farther out



Notable Exceptions

* Several
exceptions to
normal patterns
need to be
explained.

Uranus’s |
odd tilt

Earth’s

relatively large moon




According to the
nebular theory, our
solar system formed
from a giant cloud of
interstellar gas.

(nebula = cloud)

Also known as the
solar nebula hypothesis

SS formation movie
http://www.spitzer.caltech.edu/video-audio/730-ssc2004-22v2-The-Evolution-of-a-Planet-Forming-Disk



http://www.spitzer.caltech.edu/video-audio/730-ssc2004-22v2-The-Evolution-of-a-Planet-Forming-Disk
http://www.spitzer.caltech.edu/video-audio/730-ssc2004-22v2-The-Evolution-of-a-Planet-Forming-Disk

What caused the orderly patterns
of motion in our solar system?

Venus, Sun \
Earth \

/ Mercury
A

Neptune \

Pluto
ight © Addison Wesley



* Nebula spins up
Large, diffuse interstellar gas cloud aS it COllapSGS

oo ir th A hoatc il
fr""““” coniracts, the cloud healts, (solar nebula) contracts under gravity
flattens. and spins faster, becoming : 1
a spinning disk of dust and gas sun will be born in center, angu aI'

/ / Planets will form in disk. momentum

conserved)

Warm temperatures allow only
melalrock "seeds” (0 condense
in inner solar sysiem

Hydrogan and nelium remain gaseous, f
bl ol e Cold temperatures

J her malernals can condense inio . ) . °
Ln:l:llilf:-l t.H—JHu;'lr-_lukdlt_?a.lldlfll:EEL!:[;ELL:'IT 10 [ : allow "seeds” o SOlld parthIGS

contain abundant ice

n outer solar system. Condense Out Of
gas

Terrestrial planets are bullt from
metal and rock

Solid "seeds” collide and stick together The seeds of jovian P t' 1 11'd .
Larger ones attract others with their planats grow Iarge—r ar IC eS CO 1 e,
gravity, growing bigger still. - enough 1o attract

hydrogen and helium form cvVer larger
—-- gas, making them into
gant, mosily gaseous <
planets; rr|-:J{J"|1-.: form in ObJ eCtS
disks of dust and gas
that surround the planets

=solar wind blows remaining gas ‘ Terrestrial planets remain

Vs N nner solar system Jovian planets remain MO St maSS
In outer solar system
/ : = S eventually swept

] g - formation process

become asteroids up lnto planets
, (metal/rock) and
Not lo scale comets (mostly ice)

into interstellar space




