Measuring the Stars and Stellar Evolution

OBJECTIVES:

4.  Describe star distribution and distance.

5. Explain why the positions of the constellations change throughout the year.

6. Describe how parallax is used to determine distances.

7. Compare and contrast absolute magnitude and apparent magnitude.

8. Explain how stars are classified.

9. Explain why our sun is considered an average star and how it differs from stars in binary systems.

10. Outline the evolution of a star through all stages of its development.
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When you look into the sky, the brightest stars seem to be isolated from one another.  When you are away from the city lights, you notice that many more stars are grouped together.  Long ago, many civilizations looked at the brightest stars and named groups of them after animals, mythological characters, or everyday objects.  These groups of stars are called constellations.  Today we group stars by the 88 constellations named by ancient people. 
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All of the constellations appear to move because Earth is moving.  The stars rise and set, just like the Sun, as the Earth rotates.  The stars also appear to change positions in the sky throughout the year as Earth revolves around the Sun.    
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Although the stars in constellations appear to be close to each other, very few are gravitationally bound to one another.  The reason they appear close together is that human eyes can’t distinguish how far or near stars actually are.  Two stars could appear to be right next to each other, but one might be 1 trillion km away from the Earth, and the other might be 2 trillion km away from Earth.  By measuring distances to stars and observing how they interact with each other, scientists can determine which stars are gravitationally bound to each other.  These groups of stars are called clusters.  

When only two stars are gravitationally bound together and orbit a common center of mass, they are called a binary star.  More than half of the stars in the sky are either binary stars or members of multiple-star systems.  The two stars are so close together they appear as one, and one of the two is often much brighter than the other.  That is why they are hard to find in the sky, even with the use of a telescope.   

Astronomers use two units of measure of long distances.  The first is a light year (ly), which is 9.461 x 1012 km.  The second is a parasec (pc), which is 3.26 ly, or 3.086 x 1013 km.  

Precision position measurements are an important tool for finding distances to stars.  To estimate the distance of stars from Earth, astronomers make use of the fact that nearby stars shift in position as observed from Earth.  This apparent shift in position, caused by the motion of the observer. is called parallax.  In this case, the motion of the observer is the change in position of Earth as it orbits the Sun.  As Earth moves from one side of its orbit to the opposite side, a nearby star appears to be shifting back and forth.  The closer the star, the larger the shift.  The distance of a star can be estimated from its parallax shift.  

The basic properties of stars include diameter, mass, brightness, energy output (power), surface temperature, and composition.  One of the most basic observable properties of a star is how bright it is, known as magnitude.  Apparent magnitude is how bright a star appears to be, but it does not actually indicate how bright the star is, because it does not take distance into account.  A faint star can appear to be very bright because it is relatively close to Earth, while a bright star can appear to be fait because it is far away.  Absolute magnitude is the brightness an object would have it if were placed at a distance of 10 pc (“+” means dim, “—“ means bright)

Stars are classified according to their surface temperatures.  All stars have nearly identical compositions – 73% hydrogen, 25% helium and 2% of other elements.  Stars differ in composition in this 2%.  The properties of mass, energy output, temperature, and diameter are closely related.  A Hertzsprung-Russell Diagram (H-R diagram) is a graph that demonstrates how stars are classified, according to these properties.  
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About 90% of stars, including the Sun, fall along a broad strip of the H-R diagram called the main sequence, which runs diagonally from the upper-left corner, where hot, luminous stars are represented, to the lower-right corner, where cool, dim stars are represented.  Even though our Sun is an average star in terms of temperature and absolute magnitude, it is somewhat unusual in one way.  Most stars are in binary or multiple-star systems, but the Sun is alone.
A star's life cycle is determined by its mass.  The larger its mass, the shorter its life cycle.  A star's mass is determined by the amount of matter that is available in its nebula, the giant cloud of gas and dust from which it was born.  Over time, the hydrogen gas in the nebula is pulled together by gravity and it begins to spin.  As the gas spins faster, it heats up and becomes as a protostar.  Eventually the temperature reaches 15,000,000 degrees and nuclear fusion occurs in the cloud's core.  The cloud begins to glow brightly, contracts a little, and becomes stable.  It is now a main sequence star and will remain in this stage, shining for millions to billions of years to come.  This is the stage our Sun is at right now. 

As the main sequence star glows, hydrogen in its core is converted into helium by nuclear fusion.  When the hydrogen supply in the core begins to run out, and the star is no longer generating heat by nuclear fusion, the core becomes unstable and contracts.  The outer shell of the star, which is still mostly hydrogen, starts to expand.  As it expands, it cools and glows red.  The star has now reached the red giant phase.  It is red because it is cooler than it was in the main sequence star stage and it is a giant because the outer shell has expanded outward.  When the Sun becomes a red giant, its atmosphere will envelope the Earth and our planet will be consumed in a fiery death.  All stars evolve the same way up to the red giant phase.  The amount of mass a star has determines which of the following life cycle paths it will take from there. 

Stars like our Sun eventually fade away to become white dwarfs and then black dwarfs, cinders of stars.  Stars like our Sun do not have enough mass to ever explode in a supernova.  Massive stars (10 times or more the size of our Sun) go through many of the same stages as a low-mass star, however, their life cycles start to differ after the red giant phase.  A massive star will undergo a supernova explosion.  If the remnant of the explosion is 1.4 to 3 times as massive as our Sun, but only about 10 km in diameter, it will become a neutron star.  Neutron stars spin rapidly giving off radio waves.  If the radio waves are emitted in pulses (due to the star's spin), these neutron stars are called pulsars.  The core of a massive star that has more than 3 times the mass of our Sun after the explosion will do something quite different.  No nuclear fusion is taking place to support the core, so it is swallowed by its own gravity.  It has now become a black hole, which readily attracts any matter and energy that comes near it.  

