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Sun’s Role

• Source of energy for chemical reactions

• Water cycle, photosynthesis, atmospheric 
transport, keeping water liquid, etc.

• Solar luminosity LS = 4 1026 W

• Solar flux at 1 AU: F1 AU = 1500 W/m2

• Gravitational center to solar system

• Sun has 99.8% of the solar system’s mass!



Keplerian Orbits

All (*) of the motions of the solar system can be 
described using two equations:

F = ma F =
GMm

r2



Circular Keplerian Orbits

• Orbital velocity

• Orbital period

• Escape velocity

v =
r
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r
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2GM
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In the solar system, most orbits are roughly circular, so we can 
assume eccentricity e=0. 
  
Solar system’s orbits are also mostly coplanar (inclination i=0).
 
Comets are the big exception to both of these.



• Two bodies orbit their common center-of-mass. 
Because usually M1 >> M2, this usually looks like 
the planet orbits the star, but there are 
exceptions! 

Pluto + 
Charon orbit 
barycenter



Advanced Gravity
Gravitational interaction (non-relativistic) between N=2 bodies 
is always solvable using Kepler’s equations. Every orbit is a conic 
section (circle, ellipse, parabola, or hyperbola).

Solutions for N>2 (The Three-Body Problem) are often 
very hard, and not possible in closed form. Must be simplified:

• If one mass dominates, then ignore interactions between small 
bodies — e.g., solar system, where Sun has 99.8% of the mass!

• Ignore interactions between distant bodies — e.g., interaction 
between Pluto and

• Use numerical integration

• Handle special cases analytically: resonances, Lagrange points, 
etc.



Numerical Integration of Orbits

Throop & Bally 2008

F = ma

F =
GMm

r2
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Long-term evolution of the solar system:  
‘Nice Model’, Levison et al



Distance Scales in the Universe

We use a lot of distances. Use the one that makes sense!

Distances on Earth: km

Distances in solar system: AU (astronomical units)

Distances to stars: light years

Distances to galaxies: ~millions of ly (or pc)
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How big is the solar system?
The solar system’s gravitational influence extends (by 
definition) roughly halfway to the next star.

But the planets, KBOs, etc. are much closer in. Even though 
the solar system may extend for 200,000 AU ~ 3 ly,  we 
have never seen anything further than ~50 AU.

Pioneer 10  is the human artifact 
that’s gone further into interstellar 
space than any other: currently 
about 18 billion km (82 AU), which 
is about 0.05 percent of the distance 
to α Centauri. No spacecraft has 
ever left the solar system… and it 
will be a long time before anything 
does!



Galactic / stellar distances are often measured in: 
  ly: 1 light year = c * 365 * 24 * 60 * 60 
  pc: 1 parsec = 3.26 ly

Typical distance between stars: 5 ly
Typical galaxy diameter: ~100,000 ly
Typical # of stars in galaxy: N ~1011

How big is the galaxy?

Nearly all the stars you see at 
night are within the yellow 
circle - within a couple 102 ly



How big is the Universe?

Typical distance between galaxies: 1 million ly
  (i.e., a few galactic diameters)

Diameter of universe: 15 billion ly
  (i.e., age of universe * c) 

Number of galaxies in universe: N ~ 1011



Units in Astronomy
Astronomers usually use cgs, not MKS or SI, along 
with their own special units.

Astronomical Unit (AU) Earth-Sun Distance 150 million km = 1.5 x 1013 cm
Speed of light 3 x 1010 cm/sec
Light year (ly) c * 1 year 10 trillion km = 1017 cm
Parsec (pc) 3.3 ly 3.2 x 1017 cm
Solar Luminosity (L⊙) 4 x 1033 erg/sec
Solar Mass (M⊙) 2 x 1033 g
Solar Radius (R⊙) 700,000 km = 7 x 1011 cm
Jovian Mass (MJ) 2 x 1030 g
Earth Mass (M⊕) 6 x 1027 g
# of Stars in Milky Way Galaxy 1011

# of Galaxies in Universe 1011

Radius of Solar System 40 AU to Pluto; 105 AU to Oort Cloud
Distance to closest star 250,000 AU = 4 ly
Diameter of Milky Way Galaxy 100,000 ly
Age of Sun 5 billion yr
Age of Universe 15 billion yr
Radius of Universe Expanding at ~c 15 billion ly

A useful collection of units and constants: 

http://www.astro.wisc.edu/~dolan/constants.html

http://www.astro.wisc.edu/~dolan/constants.html

