
An overview of the Solar System and other worlds!

C&M Chaps. 6, 14  & 15�



The Formation of the Solar System 
 





Differentiation: 



The Age of the Solar System 

Fraction of material remaining = 0.5t/T where T=half life and t=time.    !





Example:  In a certain rock sample it is found that 31% of 
uranium-238  has decayed to lead-206.  Estimate the age of the 
rock sample.       

Fraction of material remaining = 0.5t/T where T=half life and t=time. 

 
0.69  = 0.5 t/4.5e9  
Log 0.69 = (t/4.5x109) x log 0.5 
t = 2.4x109  years = 2.4 billion years 
 



The Composition of The Solar System!
The solar system has 5 main components:!

1.  The sun (obviously)!
2.  The planets (8 in total) orbiting the sun!
3.  Asteroids, mostly in the asteroid belt!
4.  Comets mostly in the Oort cloud.!
5.   Dwarf planets!



The planets to scale. 



Planetary Motion!

Length of a year depends on distance from sun.  Length of day 
does not.!



Most planets have their rotation axis tilted compared to their orbit. 

Seasons on Uranus: 





The Terrestrial Planets!



Small, rocky, dense, few satellites. 



Jovian Planets!



Large, gaseous, low density, many satellites. 



Planetary Features!
Impact craters need rocky surface and little atmosphere to survive 

Saturn’s moon Mimas. 
139 km across. 

Barringer crater 1.2 km, 
Arizona 

Saturn’s moon Tethys. 
445 km across. 

http://en.wikipedia.org/wiki/Larger_craters_in_the_Solar_System	




Planetary Features!
Rings:  Saturn has very obvious rings, but all of the Jovian 
planets have rings.  None of the terrestrial planets have rings. 

Neptune 



Some of the Jovian satellites are larger than small planets!!

Planetary Features!



Comets!



Cometary orbits are both eccentric and can be highly inclined. 







In 2014, ESA’s Rosetta mission put its Philae lander on the 
surface of 67P/Churyumov-Gerasimenko. 



Meteors!



Meteorites!



Asteroids!





Outer Solar System Objects 

Pluto: a planetary oddity. 
•   Neptune crossing orbit. 
•   Highly inclined orbit (17 
degrees). 
•   Eccentric orbit (e=0.25) 
•   Resonant orbit with 
Neptune 3:2. 
•   At the distance of the 
Jovian planets, but more 
like a terrestrial planet in its 
characteristics (no rings, 
small, few satellites). 



Charon discovered in 1978, Hydra and Nix in 2005. 



Trans-Neptunian Objects 





Lots of new TNOs being discovered.  Pluto is even smaller than 
the largest TNO (Eris), so whilst it had been considered a planet 
since its discovery in 2006, the IAU decided a new classification 
was required. 



Planet:  An object that!
•   Orbits the sun (and is not a satellite)!
•   Is large enough to be round under its own gravity!
•   Has cleared is `lane’ of other material!

Under this definition there are 8 planets, since Pluto has not!
fully cleared its region of space of planetesimals.  It also does 
not include Eris, any of the Kuiper Belt Objects or more 
distant objects such as Sedna, for the same reason.!



In order to recognise the difference between objects 
such as Pluto and Eris and other bodies in solar system 
that are clearly “unplanet” like, such as the majority of 
the asteroids and comets, in 2006 we defined a new 
term:  dwarf planet. 

Dwarf planet:  An object that!
•   Orbits the sun (and is not a satellite)!
•   Is large enough to be round under its own gravity!
•   Has NOT cleared is `lane’ of other material!

Confirmed members are Pluto, Eris, Ceres (an asteroid) 
and Makemake.  Candidates (pending confirmation of 
their shape) include Sedna and Orcus. 



http://www.minorplanetcenter.net/iau/info/HowNamed.html	




Extra-solar Planets!
Detection methods: Doppler shifts (radial velocity). 

Wikipedia: “The first published discovery to receive subsequent confirmation was made in 
1988 by the Canadian astronomers Bruce Campbell, G. A. H. Walker, and Stephenson Yang 
of University of Victoria and University of British Columbia”	




A light curve of 51 Peg, one of the first extra-solar planets found!





Advantages: 
 
•   False detections fairly unlikely 
•   Orbits do not have to be (fully) edge-on, just need 
part radial component 
•   Technology now fairly routine (hundreds of planets 
found this way): very successful 
 
Disadvantages: 
 
•   Uncertainty in inclination angle of mass 
•   Bias towards high mass, close-in planets 
•   Requires high signal-to-noise, so larger telescopes 

Radial velocity score-card 



Detection methods: Transits 



NASA’s Kepler mission launched in 2009 is in heliocentric orbit 
(p=372 days) and continuously observes over 150,000 stars over an 
area of 115 sq. degrees. 





Light curves provide a measurement of radius (and other orbital 
parameters). 



Advantages: 
 
•   Large numbers of stars can be observed at once 
•   Requires relatively small telescopes 
•   Radius can be determined from shape of light curve 
•   Possible follow-up to look at planetary atmosphere 
•   Kepler revealing large numbers 
 
Disadvantages: 
 
•   System needs to be edge-on 
•   Lots of false alarms (e.g. variability) 
•   Requires spectroscopic confirmation 

Transit method score-card 



Detection methods: direct imaging. 

2004: First direct imaging of planetary mass companion.  But around a brown 
dwarf, not a fully fledged star. Bright blue object is the brown dwarf.  Red 
object claimed to be about 5 Jupiter masses. 	




2005:  GQ Lupi’s companion: ~100 AU, 1-2 Jupiter masses, but 
maybe as much as 40 Jupiter masses (making it a brown dwarf). 



2008: detection around star Fomalhaut in its dust/debris ring, but 
some suggestions that it may just be scattered light, or rubble pile. 





2008: HR8799 discovery of 3 (then 4!) planets by team based in 
Victoria! 



HR 8799’s planets present on a similar scale to our solar system. 



Advantages: 
 
•   We all like to see pictures… 
 
Disadvantages: 
 
•   Still extremely challenging observationally 
•   Must prove that object is not in projection 
•   Biased towards high mass, (moderately) large separations  

Direct imaging score-card 





A fast changing field: status when textbook went to press in 2009: 



Most of Gliese 581’s doppler 
wobble is caused by a 15 earth 
mass planet very close to the 
star with an orbital period of 
only 5 days (Gliese 581 b). 
 
Once that signal is subtracted 
out, weaker wobbles can be 
seen from two other planets 
whose masses are around 5 and 
8 earth masses (Gliese 581 c 
and d). 

Gliese 581: 20 lyrs from earth, red dwarf, 1/3 
solar mass, several planets!	

 



Discovered in 2009, Gliese 581e was then 
the lowest mass extrasolar planet, weighing 
in at only 2 earth masses 



f g 

Discovered in 2010, Gliese 581f and g.  
Gliese 581g was the first planet to be 
discovered in its star’s habitable zone 



Masses are lower limits due to unknown inclination.  Measurement 
is actually m sin i (where i is angle of inclination). 



Kepler is making a big difference in our tally of Earth sized planets. 



As of July 2015, Kepler had discovered 12 planets with masses up 
to 2 Earth masses in its star’s habitable zone, including one around a 
sun like star. 





17% stars in Milky Way host an Earth size planet - 17 billion Earths! (Although 
estimates apply to planets within Mercury-sized orbit) 




