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Our Place in the Universe

(Sure, but how do we know this?  --- remember you’re being trained to be a skeptic!)
In your book, it claims three rather profound statements central to modern astronomy (perhaps they belong on a stone tablet?).   Using your book, searches on the web, discussions within your group, and anything you can trick your professor in to divulging, see if you can find any scientific evidence to support these statements.
The Universe is Vast and Old.

The Elements of Life are Widespread.

The same physical laws that operate on Earth operate throughout the Universe. 

Gedankenexperimente
 Imagine ONE of these statements above is FALSE!!!  How would this affect the INTERPRETATION astronomers make of observations from Earth?  (Select one to make FALSE, leaving the others the same if possible, and then come up with a likely scenario for how our science interpretations would be different).

What am I?
Match the description listed with the object listed from your reading assignment.

1. I have an attractive force with normal matter (I follow normal gravity law) and am found in clumps, but no one (on Earth anyway) has been able to see or identify what I might be.

I am ________________________

2. The Sun and all the stars you can see with the naked eye make up only a small part of me.  I am a huge, disk-shaped collection of stars about 100,000 light years diameter.

I am _______________________

3. One hundred years ago, early astronomers thought gravity powered the Sun. Now they know its me!

I am _________________________

4. I am the sum total 
of all matter and energy, encompassing super clusters of galaxies, the voids between and everything within them.  I am 13.7 billion years old (and thus about that wide in light years).

I am _______________________

5. I am a newly discovered, mysterious form of energy.   I am pervasive and smoothly spread out in the universe.  Instead of causing things to pull together, I am trying to spread the universe out.

I am ________________________
6. I am made up of the Earth and 7 additional planets, and millions upon millions of smaller bodies (asteroids, comets, and dwarf planets) all orbiting the Sun.  I am about half a ‘light day’ in diameter.

I am _______________________

7. I am a great island of stars in space, containing from a few hundred billion to a trillion or more stars, all held together by gravity and orbiting a common center.

I am __________________________

8. I contain the Milky Way, Andromeda Galaxy and about 40 other very small galaxies, about a million light years apart..

I am ___________________________

9. In astronomy, I am the most common measure for distance. This is because I am a large unit of distance and because light travels at a finite speed, I am actually a ‘time since’, or ‘age’ of things.  

I am ___________________________

The Dark Side of the Universe
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Our universe may contain 100 billion galaxies, each with billions of stars, great clouds of gas and dust, and perhaps scads of planets and moons and other little bits of cosmic flotsam. The stars produce an abundance of energy, from radio waves to X-rays, which streak across the universe at the speed of light.  Yet everything that we can see is like the tip of the cosmic iceberg — it accounts for only about five percent of the total mass and energy in the universe.

About one-quarter of the universe consists of dark matter. It releases no detectable energy, but which exerts a gravitational pull on all the visible matter in the universe and at all length scales.  

1. List the observational evidence for dark matter.

Nearly three-quarters of the universe consists of dark energy.  Dark energy pushes things outward (like anti-gravity) and this effect only occurs on the largest cosmic scales (very great distances like those found between clusters of galaxies).

2. List the observational evidence for dark energy.
3. Dark matter and dark energy use the same adjective ‘dark’.  This is because we see no light from them and we still do not know what they are made of.  However, they are really quite different.   List several differences in the properties of dark matter and dark energy.  

A Big Bang Primer
The Big Bang is the cosmological model of the universe that is best supported by all lines of scientific evidence and observation. As used by cosmologists, the term Big Bang generally refers to the idea that the universe has expanded from a primordial hot and dense initial condition at some finite time in the past, and continues to expand to this day. 

The theory of a Hot Big Bang is the most widely accepted hypothesis for the origin of the universe.  Astronomers are like archeologists who study the fossils of the universe. They form their theories based on what they observe, and luckily Big Bang theory seems to fit rather nicely to these observations.
Complete the following sentences:

1. The first observational evidence of the Big Bang occurred in 1929, when Edwin Hubble observed a relationship...

2. This relationship, now known as Hubble’s Law, can be described as like raisin bread in the oven.   In this analogy, the bread and raisins each represent..
3. The cosmic background radiation was predicted from the Big Bang theory long before it was discovered in 1964.   It makes up additional observational evidence in support of the Big Bang.  This radiation is coming from..  
4. The observation of Dark Energy has forced us to accept some modifications in the Big Bang Theory.  On its present course, it appears in the future the size of the universe will..  






