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"To confine our attention to terrestrial m atters 

w ould  be to lim it the hum an sp irit."   

-Stephen H aw king 

The Solar System 
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The Origin of the Solar System 

 Big Bang Č 75% Hydrogen // 25% Helium 

 Supernovae Č essentially responsible for everything else. 

The Origin of the Planets:  

Modern theories suppose that the planets form in the rotating disks of gas and dust around 

young stars 

 Solar Nebula Theory: planets form from the nebula around the proto-sun. When the 

star becomes luminous enough the remaining gas and dust were blown away into 

space, leaving the planets orbiting the sun. 

 Planets should be fairly common objects in the universe around some stars. 

Composition of the Solar System: 

 The Sun contains 99.85% of all the matter in the Solar System. The planets, which 

condensed out of the same disk of material that formed the Sun, contain only 0.135% 

of the mass of the solar system. Jupiter contains more than twice the matter of all the 

other planets combined. Satellites of the planets, comets, asteroids, meteoroids, and 

the interplanetary medium constitute the remaining 0.015%.  

 Sun: 99.85%  

 Planets: 0.135%  

 Comets: 0.01% ?  

 Moons: 0.00005%  

 Minor Planets: 0.0000002%  

 Meteoroids: 0.0000001%  

 Interplanetary Medium: 0.0000001%  
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Orbital Characteristics: General Sense of Solar System Structure 

 The planets revolve around the Sun in orbits that lie close to a common plane. 

(Mercury 7o; Pluto 17.2o)  

 All planets orbit the sun in a counter-clockwise fashion as seen from above the north 

pole of the sun.  Orbits are contained within a very narrow disk or plane. With the 

exception of Mercury and Pluto all planets orbit with inclinations within 3 degrees of 

Earth's. This also corresponds to the rotational plane of the sun. Orbital inclination for 

Mercury is 7 degrees and Pluto is 17 degrees.  

 Most orbits are very nearly circular with the exception of Mercury and Pluto.   

 The spin axes of most planets and moons are perpendicular to the orbital plane 

(Venus and Uranus are notable counter examples).  

 Thus solar system is basically disk shaped with the Sun near the center.\ 

 

Titius-Bode Relation:  

 

 

 

 

 

 

 

 

Each planet is a little less than twice as far from the Sun than its inward neighbor.  Why? Donôt 

know! ï maybe gravitational resonances within the solar nebula? (It is very much possible to be 

related in the same way that Saturnôs rings and moon system interact.) 

 

Figure 1: A graphical plot 
of the Titius-Bode 
Relation. As you can see it 
is not until Neptune that the 
positioning of planets fails 
to follow the simple 
sequence of ratios. (Image: 

Courtesy Unknown) 
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Two Kinds of Planets in Our Solar System: 

1. Terrestrial Planets ï are small, dense, rocky worlds with less atmosphere than the other 

type of planet. Craters, no rings, very few moons, very small. (Densities between  

3.3-5.5 g/cm3) 

 Mercury  Venus  Earth  Mars 

 

Although ñterrestrialò means Earth-like, the hard rocky worlds can manifest their similar 

geologic, chemical, and respectful evolution in strikingly different scenarios depending on their 

placement in the solar system. Mercury is more like a moon ï small, heavily cratered, practically no 

atmosphere, Venus a chemical and size twin of Earth ï a hot burning hell of immense proportion, 

Earth largest of the terrestrial planets ï a warm, wet, and geologically dynamic planet, and finally 

Mars ï a cold, smaller world, with a thin carbon dioxide atmosphere.  

 

 

 

 

 

 

 

 

2. Jovian Planets ï are large, gaseous, low density worlds. Thick gaseous mostly hydrogen 

atmospheres, rings, lots of moons, and very large in comparison to terrestrial planets. 

(Densities are 1.75 g/cm3 or lower!) 

 Jupiter Saturn  Neptune Uranus 

 

Although images of all the Jovian planets show immense swirling and churning cloud patterns, 

their atmospheres ï surprisingly ï are not very deep compared to their diameter. [[Fruity Joe: 

Much like the peel on an orange us thin compared to its fleshy interior.]] These Jovian planets are 

Figure 2: This mosaic shows the group of ñterrestrialò planets. From left to right; Mercury, Venus 
(shown without its enveloping atmosphere), Earth (our home), and Mars. These planets share a very 
common similarity, yet they can manifest themselves very differently within the terrestrial group of 

Earth-like planets. (Image: Courtesy of Calvin J. Hamilton & ñViews of the Solar Systemò) 

http://hawastsoc.org/solar/homepage.htm
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so large it is probably better to think of them as ñliquid ñ planets. But, not like any type of liquid you 

are familiar with. The interiors of these planets are most likely hydrogen in two different states. 

Beneath the clouds and gaseous atmosphere of the Jovians you find where the atmospheric 

pressure high enough to force hydrogen (and possibly other gases) into a liquid state (no matter 

the temperature). Even deeper in Jupiter and Saturn, the pressure is so high that the hydrogen 

canôt hold onto its electron and once the electron is free to move the liquid-like hydrogen behaves 

like a metallic conductor ï metallic liquid hydrogen (possibly the reason behind the Jovian 

magnetic fields). 

 

 

 

 

 

 

 

 

 

 

 

 

3. Pluto ï doesnôt fit either category. Pluto is a small icy world clearly different from either the 

Jovian and Terrestrial worlds. Since its discovery by Clyde Tombaugh in 1930, it has been 

a unique mystery mostly because of its great distance from the Earth and is peculiar orbit. 

In fact, the IAU (International Astronomical Union) as late as 1999 debated whether to 

demote Pluto as a planet ï instead a ñminor body.ò However, much opposition was raised 

and the matter was dropped. 

 

Figure 3: The Jovian planets mosaic. From let to right ï Jupiter with its swirling belt-zone weather 
patterns (notice the a moonôs shadow striking the cloud tops), Saturn with its glorious ring structure, 
Uranus and its nearly featureless green-blue atmosphere (shown without its own hard to see rings), 
and Neptune with its now missing blue colored cyclonic storm (also without its rings apparent). (Image: 

Courtesy of Calvin J. Hamilton & ñViews of the Solar Systemò) 

http://hawastsoc.org/solar/homepage.htm
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The planets are not the only objects that are subject to the whim of the Sunôs gravity. There are 

many other bodies that find themselves either permanent residents or fleeting visitors to the Solar 

System. 

 

Space Debris:  Asteroids, comets, and meteoroids. 

Asteroids  

(Minor planets) are small rocky 

worlds. Most (not all) orbit between 

Mars and Jupiter. Most are irregular in 

shape, crated, and dense. Nearly 

25,000 such objects have been 

identified, however this represents 

probably only a small percentage 

(<10%) of the asteroids that are likely 

to exist. New asteroid objects are of 

increasing concern, especially a group 

called ñEarth orbit crossingò asteroids. 

A collision with the Earth of an asteroid 

sized object can produce catastrophic 

world-wide devastation.   

Figure 4: The never-before-seen 
surface of the distant planet Pluto. 
Pluto has always appeared as 
nothing more than a dot of light in 
even the largest earth-based 
telescopes because Pluto's disk is 
much smaller than can be 
resolved from beneath the Earth's 
own turbulent atmosphere.  Pluto 
is 2/3 the size of Earth's Moon. 
(Image: Courtesy of A. Stern, M. 

Buie, & NASA/ESA/STSci/HST) 

Figure 5: Asteroid Gaspra is an irregular body with 
dimensions about 12 x 7.5 x 7 miles. The portion 
illuminated in this view is about 11 miles long. (Courtesy 
of USGS/NASA/JPL) 
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Comets  

An impressive glowing object that is illuminated by the Sun as it sweeps through the inner solar 

system. Dirty snowball theory. (Water and CO2 ices) Vapor tail, particle tail, which can extent to  

1 A.U. on bright comets.  

Meteor  ð òFallingó or òShooting Staró 

Bits of rock and metal falling into the Earthôs atmosphere and bursting into vibrant light as they 

drastically heat because of the friction created between them and the Earthôs atmosphere. These 

bits are, on average, tiny ï specks of dust, sand grain size, small pebbles ï NOT large.  

 Meteoroid - in space before its fiery collision with the Earthôs atmosphere. 

 Meteorite - fallen piece that survived the fall. Most ñshooting starsò are less than 1 gram of 

material. 

 

Age of the Solar System & Solar Nebula Theory:  

A qualitative discussion using quantitative ideas in physics to describe the sequence of events 

that lead to the production of a star with companion solar system. The process is probably correct 

but the details are still to follow. Just as we formed many stars from the collapse of a large 

interstellar cloud of gas, smaller collapses around individual forming stars can lead to the formation 

of planets and left-over debris. How long ago did such a process occur? 

 Oldest Rocks dated on Earth ~ 3.9 billion years, however the Earthôs own volcanism and 

plate techtonics erase most of the evidence!! 

 Lunar Rocks are dated to 4.48 billion years. 

 Meteorites ~ 4.6 billion years 

 Sun estimate based on all the circumstantial evidence ~ 5 billion years. 

 

The Story of Planet Building: 

The sequence in which the different materials condense from the gas as we move away from 

the Sun is called the condensation sequence.  As the solar system forming cloud collapses it has 

a spherical center with a large accretion disk. The accretion disk would play host to the formation of 

planets and enough instabilities within the cloud leads to the clumping of small-scale dust grains. 
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Small clumps measuring from a few cm to as much as a km will form. As these small clumps 

began to form frequent collisions cause them to gravitationally stick to one another forming larger 

bodies called plantesimals (small bodies nearly 100 km in diameter). The planetesimals follow 

the same chain of collision ï clump, slowly gathering up into ever larger bodies - protoplanets .  

As this chain of planet building is occurring another process driven by the protosunôs warmth is 

also happening -- element differentiation. As the protosun begins to shine, the cloud begins to 

heat driving off the lighter elements from the inner region of the nebula. The inner part of the solar 

system forming accretion disk is swept clean of the very light elements. Thus, the Terrestrial 

planets formed from chemically differentiated material and rocky-like substances. The Jovian 

planets formed in the cooler, solar suburbs of the solar nebula are constituted of light volatile 

elements (hydrogen, helium, lighter gases). 

 Eventually the star becomes a main sequence star as nuclear fusion begins. The newly 

sputtering star (T-Tauri) drives a strong solar wind and strong radiation pressure sweeps the 

remaining matter out of the solar system. The star begins to shed its chrysalis.  As it does it reveals 

the central star and any planets that may form 

along with its creation. A new Solar System is 

born. 

 Planetesimals 

Planetesimals grow from condensation and 

accretion. A particle grows by condensation when 

it adds matter one atom at a time from the 

surrounding gas. The second process is accretion, 

the sticking together of solid particles. 

Protoplanets 

Protoplanets are built by the coalescing of 

planetesimals eventually form larger objects that 

are beginning to resemble planet sized objects. 

 

Figure 6: "Proplyds" in Orion - A Hubble 
Space Telescope view of a small portion of the 
Orion Nebula reveals five young stars.  Four of 
the stars are surrounded by gas and dust 
trapped as the stars formed.  These are 
possibly protoplanetary disks, or "proplyds," 
that might evolve on to produce planets.  The 
proplyds, which are closest to the hottest stars 
of the parent star cluster, are seen as bright 
objects, while the object farthest from the 
hottest stars is seen as a dark object. 
(Courtesy of C.R. OôDell, NASA, & HST) 

The Orion Nebula star-birth region is 1,500 
light-years away, in the direction of the 
constellation Orion the Hunter. 
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Homogeneous accretion  

Protoplanets grow by the accretion of planetesimals that have the same general composition. 

Heat of Formation  

The rapid formation will greatly heat the protoplanet so that the entire object is effectively 

melted. Denser material will sink ï lighter material will float. Also radioactive decay will warm the 

planet. This will cause Differentiation, the separation of material because of density. 

Outgassing 

Volcanism Č creation of a planetary atmosphere is literally baked from the melted and cooling 

rocky material as the planet continues to form and undergo violent volcanism. 

Cleansing the Nebula:  

Sun, creation of planets, sweeping out excess material. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: More examples of 
proto-planetary nebulae from 
the Orion nebula. Each of 
these objects have newly 
forming stars with accretion 
disks of material wrapped 
around them, each of which 
may be producing more solar 
system type structures. Notice 
the scale size for each object 
ï the clouds you see are all 
much larger than tour own 
solar system. We are seeing 
how our solar system may 
have looked at a much earlier 
evolutionary epoch. (Image: 

Courtesy of HST/NASA) 


