
CHAPTER 4 

Formation of the Solar System 

and Other Planetary Systems 



1. Were the Sun and planets among the first generation of 
objects created in the universe? 

2. How long has Earth existed, and how do we know this? 

3. Where did we come from? 

4. What typical shapes do moons have, and why? 

5. Have any Earthlike planets been discovered orbiting 
Sunlike stars? 

Formation of the Solar System 
and Other Planetary Systems 



A montage of the planets in our solar system presented in correct 
relative sizes. The orbits in the background are also drawn to scale. 

The Solar System 



Dusty Regions of Star Formation 

Left -- These three bright young stars in the constellation Monoceros are 
still surrounded by much of the gas and dust from which they formed. 
 
Right-- These are newly formed stars in the Orion Nebula. 

Astronomers hypothesize that solar systems like ours form from 
interstellar gas and dust clouds (Nebulae). 



How Gas Nebulae are Created - Older Stars Lose Mass 

(a) Antares is nearing the end of its existence. Strong winds from its surface are 
expelling large quantities of gas and dust, creating this nebula. The scattering of 
starlight off this material makes it appear especially bright.  
 

(b) The Planetary Nebula  Abell 39 exhibits a relatively gentle emission of matter; 
the central star shed its outer layers of gas and dust in an expanding spherical 
shell now about 6 ly across. 
 

(c) The Crab Nebula: A supernova is the most powerful known mechanism for a 
star to shed mass. 



Planetary Nebulae 

Planetary nebulae form from the gaseous shells 
that are ejected from dying low-mass stars. 

“Pillars of Creation” - 
The Eagle Nebula 



Young Circumstellar Disks of Matter 

This is the heart of the Orion Nebula as seen through the Hubble Space 
Telescope. The four insets are false-color images of proto-planetary disks 
within the nebula. A recently formed star is at the center of each disk. The 
disk in the upper right is seen nearly edge on. Our solar system is drawn to 
scale in the lower left image. 

Orion Nebula 



Formation of the Solar System 

1. The solar system is 
believed to have formed 
from a cloud of gas and 
dust in a process known 
as accretion. 

 2. As it collapses its 
slight rotation increases, 
due to conservation of 
angular momentum. 



Spins faster as it contracts.Centrifugal force pushes matter 

outward, and a disk forms. 

Collapsing gas and dust heats through collisions to around T=3000K. 
Hydrogen (about 89%) and Helium (about 10%) make up most of the 
nebula, silicates and iron compounds about 1%. 

Formation of Solar System 



 
 

Nebula Cools  

 

 

  

The Sun forms in the center, and planets form in an outer disk. 

Outer parts cool off more than the inner parts, since the temperature 
and density depend upon the distance from the proto-Sun.  



Materials moving in the same 
rotating orbit “rub shoulders” with 
other materials. 

These materials collide and stick 
together forming planetesimals, 
which continue to grow.  

Forming Planetesimals by Accretion  



This computer simulation shows the formation of the 
inner planets over time. 

http://www.youtube.com/watch?v=Uhy1fucSRQI 

Formation of our Solar System 



Growth of Protoplanets 

• Jovian planets are gaseous and began as bits of rock and ice that 
reached 15 Earth masses, and being so massive allows them to capture 
hydrogen and helium gas directly. 

 Jovian planets  Jupiter, Saturn, Uranus and Neptune 

• Terrestrial planets are rocky and have very little H & He because 
their low masses can’t keep these gases from leaking into space. 

  Terrestrial planets  Mercury, Venus, Earth and Mars 



The  frost line, also known as the snow line or ice line, refers to a particular 
distance in the solar nebula from the central protosun where it is cool enough for 
hydrogen compounds such as water, ammonia, and methane to condense into solid 
ice grains. Depending on density, that temperature is estimated to be about 150 K. 
  
 
The lower temperature in the nebula beyond the frost line makes many more solid 
grains available for accretion into planetesimals and eventually planets. The frost 
line therefore separates terrestrial planets from Jovian planets in the solar system. 

The frost line of the Solar System 

Terrestrial (rocky) planets Jovian (gas) planets 

The frost line of the Solar System is around 5 AU. 

Hotter Colder 
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Clearing the Nebula 

 (1) The solar wind, streaming particles from the sun, pushes the small 
dust, and gas out of the nebula. 

 

 (2) The moons and planets were constantly getting bombarded by 
meteorites.  Period called the Late Heavy bombardment took place 
roughly 4 billion years ago. 

  

   (3) Ejection of material from the solar system by close encounters with 
planets. Icy planetesimals near Jupiter and Saturn were flung just outside of 
out of solar system, while  those near Uranus and Neptune were flung to 
large orbits, becoming the  Oort Cloud . 

 

 



Characteristics of the Solar System 

• A planet did not form between Mars and Jupiter in the asteroid belt area, 
due to the planet Jupiter. Jupiter’s gravitational influence kept disturbing 
the motions of the planetesimals, breaking them up, and ejecting some from 
the solar system, or toward the sun. – Asteroid Belt 

 

 

 

 

• Jovian worlds all have ring systems. Their large mass makes it easy for 
them to hold onto orbiting ring particles. 



The Formation of 
the Solar System 



The Far Reaches of  Our Solar System 



The Kuiper belt is a region of the  beyond the planets, extending from 

the orbit of Neptune (at 30 AU) to approximately 50 AU from the Sun.  It is 
similar to the asteroid belt, but it is far larger—20 times as wide and 20 to 200 
times as massive. Like the asteroid belt, it consists mainly of small bodies, or 
remnants from the Solar System's formation. Although some asteroids are 
composed primarily of rock and metal, most Kuiper belt objects are composed 
largely of icy objects. The Kuiper belt is home to at least three dwarf 
planets: Pluto, Haumea, and Makemake.  
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http://en.wikipedia.org/wiki/Dwarf_planet
http://en.wikipedia.org/wiki/Dwarf_planet
http://en.wikipedia.org/wiki/Pluto
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The Nice Model and the Outer Solar System 

The Nice model suggests that the outer planets formed much closer to 
the sun. Flinging material into the inner solar system caused them to 
spiral outward in their orbits. Later, they sent rocky and icy material out 
to the outer reaches of the solar system to stop their outward motion. 
This resulted in the formation of the Kuiper belt and Oort cloud. 



The Asteroid Belt 

Distances from 
the SUN 
Mars: 1.5AU 
Jupiter: 5.2AU 

A planet did not form between Mars and Jupiter in the asteroid belt area, due to Jupiter. 
Jupiter’s gravitational influence kept disturbing the motions of the planetesimals, breaking 
them up, and ejecting some from the solar system, or toward the Sun. 



Reference: Diameter of  Moon =3500 km 

Asteroid Belt Objects 

Ceres 

Gaspra 

The asteroid measures 
12 x 20 x 11 km. 



 This picture of the asteroid Vesta was taken in 2011 by the DAWN 
spacecraft. Vesta is the brightest asteroid, due to it being closer than 
the larger Ceres. The asteroid is comprised of rocky silicates with a 
small iron core. It has a mean diameter of 525km.  

 The DAWN spacecraft will move on to visit the largest Asteroid, 
Ceres, in 2015. 

The Asteroid Belt - Vesta 

Visit to the Asteroid VESTA   
https://www.youtube.com/watch?v=vSS8yuk4bDw 



Here are classifications of solar 
system objects.  

A planet is an object that 
1) orbits the sun;  
2) has enough mass so that its own 
gravitational attraction causes it to 
be essentially spherical;  
3) has enough gravitational 
attraction to clear its neighborhood 
of other orbiting debris. 

 
A dwarf planet fulfills conditions 
(1) and (2), but not (3). 
A small solar system object only 
fulfills (1).  

Different Classifications of Solar System Objects 


