Astronomy
8 – Formation of the Solar System
· Nebular hypothesis
· Solar System is formed from the gravitational collapse of an interstellar cloud of gas
· Properties of our solar system that a formation theory must explain…
· Patterns of motion of the large bodies
· Orbit in same direction and plane
· Existence of two types of planets
· Terrestrial and Jovian
· Existence of smaller bodies
· Asteroids and comets
· Notable exceptions to usual patterns
· Rotation of Uranus, Earth’s Moon, etc.
· Nebular hypothesis
· Principles
· The Solar System was formed from the gravitational collapse of an interstellar cloud of dust and dust – the solar nebula
· Apply fundamental laws of physics that we know from Earth
· Support
· Stars forming in other interstellar clouds of gas
· Theory
· All particles will attract each other through the force of gravity and thus exert a force on each other which make them move
· Gravity will cause an inward motion: gravitational collapse
· With this starting point, we then just let the laws of physics run their course
· While all laws operate simultaneously, some of them turn out to be of particular importance for some aspects of the subsequent processes
· We can see stars forming in other interstellar gas clouds lending support to the nebular theory
· Close Encounter Hypothesis
· A rival idea proposed that the planets formed from debris torn off the Sun by a close encounter with another star
· That hypothesis could not explain observed motions and types of planets
· How was the Solar System formed?
· Galactic Recycling
· Elements that formed planets were made in stars and then recycled through interstellar space
· Stars are born in clouds of dust -> Stars produce heavier elements from lighter ones -> Stars return material to space when they die -> repeat
· Evidence from other gas clouds
· We can stars forming in other interstellar gas clouds, lending support to the nebular theory
· Conservation of angular momentum
· Rotation speed of the solar nebula increased as it contracted
· Disc collapse
· Rotation of a contracting cloud speeds up for the same reason as a skater speeds up as she pulls in her arms
· Gas collisions : flattening
· Particles closer -> more collisions
· Particles tend to get “kicked” most often in direction of overall angular momentum
· Reduces random motions, reduces up & down motions circularizes orbits
· Spinning cloud flattens into disk as it shrinks
· Collisions
· Collisions between gas particles in cloud gradually reduce random motions
· Collisions reduce up and down motions
· Collisions between gas particles also reduce up and down motions 
· Spinning cloud  flattens as it shrinks
· Observations of disks around other stars support the nebular hypothesis
· Therefore…
· Planets formed in the flat spinning disk and therefore orbit the Sun in nearly the same plane
· The direction of the disk was spinning became the direction of the Sun’s direction of the Sun’s rotation and orbits of the planets
· Collisions explain why orbits are nearly circular
· So the nebular theory explains the first feature of our Solar System – orderly motions – as following naturally from the laws of physics
· Heating
· Conservation of energy 
· Particles speed up collisions distribute motion energy -> average kinetic energy of particles increases -> temperature increases
· Temperature highest in the center
· Gravity  causes center to become denser and hotter, until temperature is high enough for nuclear fusion to occur (15M degrees)
· This produces energy and that energy production halts the gravitational collapse in the center (light)
· Conservation of energy causes heating
· From cloud to hot, spinning pancakes
· Heating, spinning, flattening of the solar nebula
· The Inner planets are different from the outer because of the heat from the Sun
· Nebular composition
· When the Solar System was formed it was mainly composed of 98% hydrogen and helium
· A consequence of “Stellar Evolution” and recycling of cosmic material
· Kelvin = Celsius + 273.15
· Phase of matter depends on temperature
· Solid
· Strong bonds between neighbouring molecules
· Liquid
· Weaker bonds
· Gas 
· No bonds
· Plasma
· The bonds that hold electrons and nuclei together are gone – so protons and electrons move around freely
· As temperature increases, average kinetic energy increases and this allows bonds to be broken
· Below melting phase liquid and gas can exist
· For a given material : temperature and pressure will determine what phase(s) it can exist in
· Planets and condensation
· Near the Sun : no condensation at all
· Near what is now Mercury’s orbit: metals and some types of rock could condensate into tiny, solid particles
· More types of rock could condensate at the distances where Venus, Earth and Mars would form
· Near what is now the asteroid belt: carbonaceous minerals, and minerals containing small amounts of water
· Beyond frost line: hydrogen compounds too
· The “frost line” is the dividing line between where hydrogen compounds can and can’t form ices
· Planets formed in the protoplanetary disk through condensation and accretion
· Tiny particles stick to form planetesimals
· Gravity draws planetesimals together to form planets: accretion
· Sun emits both photons and particles (solar wind)
· These combined to blow away leftover gases -> end of planet formation
· The Sun rotates much more slowly than the nebular theory would imply
· Friction between solar magnetic field and solar nebula probably slowed rotation over time
· Asteroids and comets are the leftovers from the accretion process
· Exceptions to the rules for the solar system can be explained by interaction between large planetesimals and planets
· We know how old our Solar System is through radiometric dating
· In radioactive decay, some isotopes turn into other nuclei (half-life)
· [bookmark: _GoBack]4.55 billion years
