The Sun

OBJECTIVES:

1. Describe the structure of the sun.

2. Recognize that sunspots, prominences, and solar flares are related.

3. Describe how energy is produced in the sun.
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The Sun is the largest object in the solar system, in both size and mass.  It would take 109 Earths lined up edge to edge to fit across the Sun and it contains more than 99% of all the mass in the solar system.  Because of its size, the Sun’s mass controls the motions of the planets and other objects in our solar system.

The average density of the Sun is similar to the gas giant planets, but the density changes from the inside to the surface.  The core of the Sun is extremely dense.  Since the temperature is so high here, the atoms are in a state known as plasma, where the electrons are ripped apart from the nucleus of the atom.  The outer layers of the Sun are not quite hot enough to be plasma.  

There is not really a "surface" to the Sun.  Think of it this way: the Sun is a bunch of gas, which gets denser and denser as you move from space toward the solar core.  The photosphere (“photo” = light) would then represent the depth at which we can see no deeper toward the core.  Think of what a thick cloud looks like when you look down on it from an airplane - it looks solid, but it isn't.

The photosphere is the visible surface of the Sun.  Sun is gaseous from its outward atmosphere right down to its center.  Most of the sunlight we receive comes from this thin layer (400 km thick) of solar gas at a temperature of about 6000 K.  

The gases that extend away from the photosphere make up the chromosphere (“chromo” = color).  These gases are transparent to most visible radiation.  The chromosphere is about 2500 km thick.  The density of the gases decreases as you move away from the photosphere into the chromosphere, but the temperature increases, nearly 30 000 K at the top.  It can be observed only during the total Solar Eclipse.  When viewed, it is a thin line of red just above the photosphere.

The chromosphere merges into the outermost region of the Sun's atmosphere, the corona.  The corona extends for millions of kilometers into space above the photosphere and is hot – 1 million to 2 million K.  Usually, we cannot see the corona because of the brightness of the photosphere.  However, during a total solar eclipse, the corona shines beautifully against the dark sky.

The gas of the corona flows outward at high speeds and forms the solar wind.  As the wind of charged particles flows outward through the entire solar system, it immerses each planet in a flood of particles.  These particles collide with gases in Earth’s atmosphere and cause the gases to give off light that we see as the aurora borealis, also know as the Northern Lights, most easily seen from regions around the north and south poles.

While the solar wind and layers of the Sun’s atmosphere are permanent features, other features on the Sun change over time in a process called solar activity.  The Sun’s magnetic field disturbs the solar atmosphere periodically and causes new features to appear:

· Sunspots

· dark spots on the surface of the photosphere 

· very bright, but cooler in temperature

· last about 2 months

· Solar Flares

· violent eruptions of particles and radiation from the surface of the Sun

· these particles escape the surface of the Sun in the solar wind and reach Earth a few days later

· associated with sun spots

· Prominences

· an arc of gas that is ejected from the chromosphere, or gas that condenses in the inner corona and rains back to the surface

· lasts from a few hours to a few months

· associated with sun spots
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You might be wondering where all the energy that causes solar activity and light comes from.  Within the core of the Sun, where the pressure and temperature are extremely high, fusion occurs.  Fusion is the combining of lightweight nuclei, such as hydrogen, into heavier nuclei.  This is the opposite of the process of fission, which is the splitting of heave atomic nuclei into smaller, lighter atomic nuclei (this is where nuclear energy comes from).  

In the core of the Sun, helium is a product when two nuclei of hydrogen fuse.  The mass of the helium nucleus is less that that of the combined mass of the hydrogen nuclei, which means that mass is being lost during the process somehow.  Albert Einstein’s theory of special relativity showed that mass and energy are equivalent, and that matter can be converted into energy and vice versa.  This relationship can be expressed as E = mc2, where E is energy, m is mass that is converted to energy, and c is the speed of light.  This theory explains that the mass lost in the fusion of hydrogen to helium is converted to energy, which powers the Sun.  At the Sun’s rate of hydrogen fusing, it is about halfway through its lifetime, with another 5 billion years or so left.

