
The formation of the Solar System
I. Stellar context

 What basic clues do we have about the formation 
of our Solar System?

 What is the astronomical context?

 What avenues do we have to learn more?



 What 
do we 
already 
know?



Basic patterns needing explanation

 All planets orbit Sun in same sense (counter-
clockwise viewed from N)

 All planets orbit in almost same plane, with e~0

 Sun contains 99.9% of Solar System's mass.

 Inner planets rocky, outer planets/satellites icy or 
heavily gas-rich

 Very similar isotopic ratios of certain elements 
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The Layout of the Solar System
• Large bodies in the Solar System have orderly motions

– planets orbit counterclockwise in same plane

– orbits are almost circular

– the Sun and most planets rotate counterclockwise

– most moons orbit counterclockwise
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Comparative Planetology

• Studying the similarities among and differences 
between the planets
– this includes moons, asteroids, & comets

• This approach is useful for learning about:
– the physical processes which shape the planets

– the origin and history of our Solar System 

– the nature of planetary systems around other stars
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The Layout of the Solar System

•   Planets fall into two main categories
–Terrestrial (i.e. Earth-like)

–Jovian (i.e. Jupiter-like or gaseous)
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Theories after the middle ages
Three types

 Collision (Buffon)

 Tidal (Jeans & Jeffries, Woolfson)

 Nebular (Kant, Laplace)

1+2 : Sun forms first, planets form later by accident 

          (Note: planetary sytems rare in this case)

3 : Sun and planets form simultaneously in spinning disk,

      naturally explaining planetary orbits.
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Nebular Theories

 Most popular

 Explain observed facts best

➔ Implies formation of Sun-like stars and planets is 
closely connected.

➔ There are billions of solar-type stars in the 
galaxy...are there billions of planets?
➔ IS THERE ANY DIRECT EVIDENCE FOR THIS? 



The framework - coupled 
to star formation



  Young stars 
are found in 
our galaxy 
near regions 
of gas and 
dust.





  The 'dust' is in small complex grains   
 (1-100 µm diameter)







-The youngest stars are buried 
inside 'cocoons' of gas/dust. 

-They are often interacting 
violently with their surroundings



  Some of 
these 
stars DO 
have 
disks 
around 
them!





Disk are now directly 
imaged around other stars

Details of what is going on inside are 
still inaccesible to observations



4 stages in star/planet formation

1) 'Cores' form in molecular clouds, some collapse

2) Protostar and disk forms at center with while star 
is still cloaked inside infalling matter

3) Star eventually becomes powerful enough to 
create a 'wind' which breaks out along spin axis. 
Mass flows into star

4) Star blows away envelope, leaving disk in which 
planets form.
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The protoplanetary accretion disk
COMPOSITION

1) Consisted of same 'stuff' that makes up the Sun.

 ~75% H, ~23% He,     
2% everything else           
    -How do we know?      

         Meteorites
(especially chondrites)                                          
                  versus                                                                  

             Solar atmosphere        



The protoplanetary accretion disk
STRUCTURE

● A turbulent ACCRETION DISK

● Hotter near the star, cooler far away.

● Disk denser near star 

● The 'snow line' or 'frost line' near the 
current distance of Jupiter (about 5 AU)



Temperature structure 



The Lewis Model

● Chemical condensation sequence at low 
pressure

● As T drops, different chemical species can 
condense starting at 1600 K

● Refractory Oxides and Metals first
● then Silicates (<1200 K)
● then water ice (<160 K)
● then ammonia and methane ice (<100K)



Condensation sequence



Lewis Model: Correct predictions

● Rocky bodies closer to Sun, icy bodies 
farther out

● Mercury: Large metal content

● Venus/Earth/Mars sequence of more water 
(bulk)

● 'Wet' asteroids in the outer main belt.

● Icy satellites of the giant planets



But how do you put planets 
together from dust???



First form small 'planetesimals', 
and they clump together to form 
planets (well, that's the theory...)



These planets, having formed in the 
spinning disk, have low e and i.



For the terrestrial planets, this can be 
successfully simulated on a computer.  
The planets form from planetesimals 

in about 100 Myr.
But doesn't work for the giant planets.
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A Few Exceptions to the Rules…

• Both Uranus & Pluto are tilted on their sides.

• Venus rotates “backwards” (i.e. clockwise).

• Triton orbits Neptune “backwards.” 

• Earth is the only terrestrial planet with a relatively 
large moon.
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