Our Solar System

OBJECTIVES:

9. Compare and contrast the sun-centered and Earth-centered models of the solar system.

10. List the planets in their relative order from the sun.

11. Identify important characteristics of the planets.

12. Describe the hypothesis of how our solar system formed.

13. Explore the remnants of solar system formation.

14. Differentiate among asteroids, meteoroids, meteors, and meteorites.

15. Explain where a comet comes from and describe how a comet develops as it approaches the sun.
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The first theories about the movements of celestial bodies were developed by observers who looked at the sky with their eyes.  Then the telescope was invented and new theories were born.  When viewed from Earth, the planets slowly change position each night relative to the positions of the stars.  Therefore, ancient astronomers could recognize the difference between stars and planets.  These astronomers assumed that the Sun, planets, and stars orbited a stationary Earth.  In astronomy, the geocentric model (in Greek: geo = earth and kentron = center) of the universe is the theory that the Earth is at the center of the universe and the Sun and other celestial objects go around it.  This model didn’t quite explain all the motions of the planets though.  In 1543 Copernicus suggested that the Sun was the center of the solar system.  The heliocentric model is the theory that the Sun is at the center of the solar system. The word is derived from the Greek (Helios = "Sun" and kentron = "Center").  This model better explained the orbits of the planets in the sky.  
The nine planets of our solar system can be grouped into two main categories according to their basic properties.  The inner four planets, called terrestrial planets, are close to the size of Earth and have solid, rocky surfaces.  They are Mercury, Venus, Earth, and Mars.  The next four planets from the Sun, called gas giant planets or jovian planets, are much larger, more gaseous, and lack solid surfaces.  They are Jupiter, Saturn, Uranus, and Neptune.  Pluto, the ninth planet, has a solid surface, but it does not fit into either category.
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Stars and planets form from clouds of gas and dust, called interstellar clouds, which exist in space between the stars.  The interstellar clouds consist mostly of gas, especially hydrogen and helium, and dust.  Many of these clouds can be observed in the Milky Way in regions that have relatively high concentrations of interstellar gas and dust.  They can start to condense as a result of gravity and becomes concentrated enough to form a star and possibly planets.  Astronomers hypothesize that our solar system began in this way.

At first, the collapse is slow, but it accelerates and the cloud soon becomes much denser at its center.  If a cloud was rotating at all to begin with, it will spin faster and faster as it contracts.  The spinning cloud then become flattened and turns into a rotating disk with a dense concentration at the center.  The center of our solar system eventually turned into our Sun and planets formed around the sun.  Because of solar heat, the inner planets formed from different elements then the outer planets.  The inner planets tend to be composed of heavier elements while the outer planets tend to be composed of lighter elements.

Interplanetary debris was gathered by the sun and planets, but some was not picked up.  These floating chunks of rock and dust formed other objects in our solar system: asteroids and comets.

Asteroids are known as minor planets, and are visible as star-like points of light that move nightly with respect to the stars, but are only visible through binoculars or a telescope.  Asteroids are rocky objects composed of material similar to the crusts of the terrestrial planets, and are thought to be remnants from the formation of the solar system that did not condense into a planet.  Most asteroids have diameters less than a kilometre, but many range in size from 100 metres up to the largest known asteroid, Ceres, with a diameter of about 900 kilometres. 

There are approximately 4000 catalogued asteroids and countless smaller ones, which have not been scientifically recorded and named.  The vast majority of asteroids are contained in the asteroid belt located between the orbits of Mars and Jupiter, although several others are scattered throughout the solar system.  Although planetary orbits are generally quite circular, asteroids have slightly elliptical orbits, although not as much as that of comets.  Some asteroids may actually come inside the orbit of the Earth, and are termed Earth-crossing asteroids. Because these asteroids cross the path of the Earth, there is the remote possibility that one of them will strike the Earth sometime in the future.  The chance of such an occurrence in our lifetime is slim, as only a few asteroids strike the Earth every million years.  Many scientists speculate a large asteroid (or comet) impacted the Earth several million years ago causing a catastrophic event that led to the extinction of the dinosaurs. 

As asteroids orbit they occasionally collide and break into fragments.  When this, or any interplanetary material falls toward Earth and enters Earth’s atmosphere, it is called a meteoroid.  Although meteoroids larger than a few centimetres in diameter rarely enter the Earth’s atmosphere, their sight can offer quite a spectacle.  Meteoroids of this size generate brilliant flashes of light that streak across the sky for several seconds and leave trails.  When a meteoroid falls toward Earth, it burns up in Earth’s atmosphere and produces a streak of light, or a “shooting star” called a meteor.  The streak of light is caused by the release of energy as the grain-sized particle burns up due to the friction between it and the upper atmosphere.  Meteor showers occur in regular intervals and are caused when the Earth travels through a region of space packed with small dust particles left by a passing comet.  Witnessing a meteor shower can be amazing sight as hundreds of streaks of light can cross the sky in a single night.  Only the largest or densest meteoroids will survive their journey through the atmosphere.  The surviving pieces of rock that reach the Earth are known as meteorites, and can give scientists valuable information about the rocks in space and their origin.  A meteorite may be large enough to cause an impact crater when it strikes the Earth, although this is very rare.  Because meteorites occur so infrequently, and because our surface is in constant change, covering and modifying craters from the past, there are few visible craters on the surface of the Earth today.  Surviving meteorites are relatively untouched objects from the birth of the solar system, and as a result are valuable tools for scientists studying its formation. 

Asteroids, meteoroids and comets are small pieces of rock left over as debris from the formation of the solar system.  A comet can be a beautiful sight and is unlike any other object in the sky.  A few of the brightest comets are visible with the naked eye as extended fuzzy patches.  Seeing most, however, requires the use of a telescope.  Comets progress across the sky very slowly, remaining in our sky for weeks before fading out of sight.  Comets are small bodies composed mainly of ice and dust whose orbits take them to remote regions outside the solar system.  It is believed that most comets originated during the formation of the solar system as condensed chunks of ice and rock, which range in size from 1 to 10 km in diameter.  To this day, hundreds of comets continue to orbit the Sun in highly elliptical orbits inclined at various angles from the ecliptic. 

Not until 1986 was a cometary nucleus first observed, when spacecraft were sent to take high-resolution photographs of the nucleus of Halley’s Comet.  Astronomers now know that the nucleus of a comet is composed of ice and dust and typically measures a few kilometres across.  As a comet approaches the Sun, solar heat begins to vaporize the ice in the nucleus and it becomes enveloped in a coma, a fuzzy ball of glowing gases, which hides the nucleus from our view.  The solar wind blows the vaporized gases from the coma, producing a long, luminous tail of gas and dust.  A comet does not produce its own energy or light. The gases are illuminated simply because they are excellent reflectors of sunlight.  As the comet approaches the Sun, solar radiation becomes more intense, melting more ice and increasing the size and length of the comet’s tail, which can vary in appearance from fat and short to thin and extended.  In actuality, solar radiation produces two comet tails, although it is not always possible to distinguish both individually.  The tails of a comet will always point away from the Sun, and are not necessarily an indication of the comet’s direction of travel.

Comets are generally classified in two ways.  Some are known as short-period comets and have orbital periods of less than 200 years.  They appear at regular and predictable intervals, allowing astronomers to prepare for their return.  The most famous short-period comet is Halley’s Comet, which has a period of 76 years and is set to return in 2061.  It now appears that the source for short-period comets is the Kuiper Belt, a region extending past the orbit of Neptune at 30-50 AU’s (Astronomical Unit – A measure of distance equal to the average distance between the Earth and the Sun. It is defined as 149,597,870.691 kilometres) from the sun, that contains many small, icy bodies.  The majority of comets, however, are long-period comets that can take up to a million years to orbit the Sun.  Most comets discovered each year are of this type, and as such have never been scientifically documented.  Because of their long orbital period, there may be millions of long-period comets, which have yet to be discovered.  It is believed that these comets spend most of their orbital period in the Oort Cloud, a cloud of comets some 100,000 AU’s from the Sun. This so called cloud contains millions of comets travelling extremely slowly in their orbits because the Sun’s gravitational pull is very weak at such extreme distances.  The best-known long-period comets in recent years have been Hyakutake (1996), Hale-Bopp (1997), and Shoemaker-Levy 9, which crashed into Jupiter in 1994.

