Expanding Universe-ACADEMIC

Einstein disbelieved his own theory of relativity’s predictions that the universe should be expanding.  He called it his biggest blunder.  Edwin Hubble found evidence of this expansion when he first discovered the other galaxies existed and then that those galaxies were red-shifted and thus moving away from us. Other evidence for the universe’s expansion is the cosmic microwave background radiation-left over energy from the big bang.


The distance, movement and direction of galaxies can be determined by analyzing specific characteristics of a star/galaxies light.  The motion of the galaxies creates a Doppler effect that results in the light being red shifted due to their movement away from us.  As the galaxies move away, we perceive/see a lower frequency and thus a longer wavelength because the light is taking longer and longer to get to us.  Since red waves are the longest part of the visible spectrum (ROYGBIV) we call this red shift.  The greater the speed (velocity) of these galaxies the more dramatic the red-shift.  All this points to the universe expanding outward in all directions from a single point and this is called the Big Bang Theory.  

Purpose-What is the relationship between galaxy distance and speed?

Procedure:

1. Choose any letter from the explosion (big bang) diagram and record.  This letter is your galaxy and the length of the arrow indicates the distance you traveled in two seconds.

2. Choose another galaxy to compare yours to.  Record the letter of this other galaxy (arrow) and measure the original distance (D1) between these two galaxies in millimeters. This can be done by measuring the distance between the back end of your galaxy arrow and the other galaxy arrow end.  

3. After one second both your galaxy and the other galaxy have moved.  Measure the new distance between you by measuring from arrow tip to arrow tip in millimeters.  This is the distance between you after two seconds have passed and you both have moved.  Record it as New distance (D2).

4. This motion of the galaxies took 2 seconds to complete.  Record the Elapsed time in seconds. 

5. Calculate and record the Amount of expansion between you and the other galaxy.



Amount of expansion = Original distance (D1) – New distance (D2) in mm

6. Calculate the relative speed of expansion between you and the other galaxies record in mm/sec.  Speed=Amount of expansion (mm)




Time (seconds)

7. Repeat the measurements of D1, D2, expansion, time, and speed for at least 6 more galaxies.

8. Graph the original galaxy distances (D1) vs the speed of each galaxy.

9. Write an analysis of your results from the pattern in your graph.  Support with evidence and explain how this can be measured using the light from stars in these galaxies.
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Follow-up Q
1. What happens to wavelength and frequency as a wave source (galaxy producing light) moves away from our galaxy at very high speeds?

2. Why do we call this a red-shift? 

3. If one star has twice as much red-shift than another, what can we infer about the relative speed of the two stars? (are they traveling at the same speed or is one faster; and why)?

4. What conclusion can you make about the speed and distance of all the galaxies compared to yours?  What was the result of others at your lab group that chose different “home galaxies”?

5. If everything is moving away from you, are YOU in the middle?  What is happening to the universe overall and what do we call that?

6. What can we infer about the universe’s past by looking at the current expansion? What IS the Big Bang theory?
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