Prologue

Introduction to the Universe
Astronomy is the science that deals with astronomical objects (objects in space).  It describes the arrangement of AOs in the Universe and the laws that govern the relationships among the AOs.

Observation of the sky eventually led to the development of science.  Science is an organized method of gaining knowledge about our world.  Science depends on the fact that our world operates in a regular, predictable fashion.  Science, therefore, looks for patterns in nature and uses these patterns to understand what happens in our lives.

Patterns recognized early in the history of mankind:

1. The movement of the Sun – the day

2. Phases of the Moon – the month

3. Movement of the stars – the year

Observation of the sky helped survival of Egyptian culture: Sirius and the Nile.  Development of a priesthood.

Today science seeks a natural, as opposed to a supernatural explanation for the patterns it finds.  If a pattern is truly fundamental it may represent the operation of a law of nature, such as Newton’s law of gravity. 

Science Describes the Universe: the totality of all matter, energy and space.

1.  The Universe is Big!
The usual systems of measurement are not very useful.  

Mile – 1000 paces of Roman soldiers

Kilometer – 1000 meters.  

Meter – Originally - 1/10,000,000 of distance from North Pole to equator

Meter – Modern definition: distance traveled by light in a vacuum, 


in 1/299,792,458 of a second! 

Thus light travels 299,792,458 meters per second.  Remember: the speed of light is 3 x 108 m/s
For astronomical purposes we use the distance that light travels in one year.  

A light year is the distance traveled by light in 1 year.  This is equal to 

9.46 x 1015m, or 9.46 x 1012 km, or approximately 6 trillion miles (6 x 1012).

To make a rough conversion from kilometers to miles, multiply the number of kilometers by 0.61.  To make a rough conversion from miles to kilometers, multiply the number of miles by 1.6.

How far is it to the nearest star?  Our Sun is the nearest star.  It takes light 8 minutes to reach the Earth from the Sun, so the distance is 8 light minutes.  How far is it to the next nearest star?  It takes light 4.3 years for light to travel from Alpha Centauri to Earth, so the distance is 4.3 light years (LY).

Is Alpha Centauri the brightest star, since it is the closest?  No.  

Sirius is the brightest, but it is 9 LY away.  (Why is it so bright?)

These distances represent real problems for spacecraft travel:  The Apollo missions averaged 4000 km/hr (2500 mi/hr) on their way to the Moon.  At this rate, how long would it take to get to the nearest star?  1.1 million years!

Go faster!  Einstein’s Theory of Relativity puts a speed limit on travel.  No material object can travel at or faster than the speed of light.  At this rate, how long would it take a spacecraft to travel to the nearest star?  More than 4.3 years (taking into account speeding up and slowing down).  

Maybe Relativity is wrong.  It’s “just a theory”.  Is “theory” another name for “wild guess”?  NO.

A “guess” (not wild) comes at the beginning of the Scientific Method and a “theory” comes at the end.
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Einstein’s Theory of Relativity has been tested and continues to be tested.  It provides the basis for future hypotheses and future theories.  But it, like any other theory, may be discarded by a single experiment or observation if it fails to match the real world. 

So, how far is it to the most distant stars?  At least 12 billion LY.

2. The Universe is old!

Light has been traveling at least 12 billion years to reach us from the most distant AOs.  (Perhaps there are objects so distant that their light has not yet reached us.)   

Carl Sagan, a famous astronomer, compared the 12 billion-year history of the Universe to a single year in order to show the relative age of various events.  On this scale, when do we find the first evidence of human beings?

(Not until the evening of December 31.)

A telescope allows us to get a good view of distant objects.  It also acts as a time machine, because it allows us to see into the past.  When we look at Alpha Centauri we are seeing it as it was 4.3 years ago, because the light that we are receiving with our telescope or our eyes left 4.3 years ago.  The bright star Betelgeuse is 500 LY away, so we see it as it was 500 years ago.  (It may have exploded, but we will not know until we see the light that reaches us many years later.)

Powerful telescopes, such as the orbiting Hubble, can literally see the early days of the Universe, by detecting the most distant objects we can see, some of which are close to 12 billion LY away, and thus 12 billion years old.

3. The Universe is Expanding!

In the 1920’s science discovered that the Universe is not constant in size.  Instead, all of space-time is expanding and carrying AOs with it.  

To understand this principle, we need some background information on the way AOs are organized in the Universe.
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In 1929, Edwin Hubble (for whom the space telescope was named 60 years later) discovered that the galaxies are moving away from each other at high speeds.  The farthest galaxies are the fastest moving, thus they have moved the farthest.  

Imagine putting dots on an uninflated balloon with a magic marker.  When the balloon is inflated, the dots will all move away from each other.  In like manner, the galaxies are moving away from each other as the fabric of the Universe, called space-time, expands.  

The beginning of the expansion has been called the Big Bang.  This does not mean there was an explosion; it means that there was a beginning to the expansion.  We don’t know why the Big Bang occurred.  We also don’t know whether this has occurred other times.

Black Holes

Within the expanding Universe, there are places where matter is also greatly compressed.  

When stars much larger than our Sun reach the end of their normal lifespan they explode, leaving a remnant whose gravity compresses the remaining matter into a tiny, dense structure containing all the gravity of a large star.  This combination produces a region of space where gravity is so strong that nothing can escape from the region, not even light.  This region is called a black hole, because it cannot be seen, since light is not emitted from the remnant.

If we can’t see black holes, how do we know they exist?  Must we “see” something to know it exists?  What about atoms or electrons or love or hate? Can we see these?

We know these things exist by their effects.  We detect black holes by their effects as well.

1. A star or other AO may be seen orbiting “empty” space.

2. A “plume” of matter may be seen flowing from a star into “empty” space.

3. The production of a plume also produces X-rays, which can be detected by special instruments in orbit around the Earth.

4. Gravitational-lensing:  sometimes light from a distant star is distorted on its way to Earth.  The intense gravity of a black hole “warps” space so much that the path of the light is disturbed, sometimes producing a double image of the star when the light reaches Earth.

