		
Lab: The Expansion of Space PROCEDURE SHEET

This activity is designed to help students understand the nature of our expanding universe, and how galaxies that are farther from us appear to be moving faster than galaxies that are nearby.
Materials	
· Different-sized washers or paper clips (set of 10 per group)
· Elastic bands of identical thickness and different lengths (minimum of 9 per group)
· Rulers
· Calculators
Procedure
Part 1: Measurements
1. Create a “chain of galaxies” by attaching each galaxy—a washer or a paper clip—to elastic bands. 
a. Be sure to use different sizes of washers or paper clips to represent the galaxies
b. Vary the distances between the galaxies by using a variety of lengths of elastic bands. 
c. Loop the elastics around themselves when attaching them to the washers or paper clips.
[image: ]
2. Place your galaxy chain on a table, leaving it unstretched. (If the desk isn’t wide enough, use the floor)
3. Choose your group’s home galaxy from your chain, and record in Table 1.  Then list the numbers of the remaining galaxies in the Galaxy column of the table, SKIPPING the number of your home galaxy.
4. Measure the distance from your home galaxy to the other galaxies in your chain in CENTIMETERS to the nearest decimal. (See example below.) These are the ORIGINAL distances. Record your measurements in column 1 of Table 1. 
[image: ]
Measure the distances (d1, d2, d3, d4 etc.) from your home galaxy to all the other galaxies.
5. Now the universe needs to expand. 
a. Position a group member at each end of the galaxy chain and have them pull so that the universe chain doubles in size (from end to end). 
b. A third group member repeats Step 4 and measures the NEW distances to the galactic neighbors. Record your measurements in column 2 of Table 1.
[image: ]
Measure the stretched distances (d1′, d2′, d3′, d4′ etc.) from your home galaxy to all the other galaxies.
Part 2: Plotting and Comparison
6. In column 3 of calculate the increase in distance between the two measurements by subtracting them. 

Name_________________________Period____

Lab: The Expansion of Space DATA SHEET
	Home Galaxy Number: ____
	Column 1: Original Distance (cm)
	Column 2: New Distances (cm)
	Column 3: Increase in Distances (cm)

	EXAMPLE GALAXY
	12.4
	25.2
	(25.2 - 12.4) =     12.8

	Galaxy ___________
	
	
	

	Galaxy ___________
	
	
	

	Galaxy ___________
	
	
	

	Galaxy ___________
	
	
	

	Galaxy ___________
	
	
	

	Galaxy ___________
	
	
	

	Galaxy ___________
	
	
	

	Galaxy ___________
	
	
	

	Galaxy ___________
	
	
	



7. Graph the data from Table 1, with the original distance (column 1) on the horizontal axis and the increase in distance (column 3) on the vertical axis. 
8. Be sure to label both axes and include measurement units. 
[image: ]


9. Draw a line of best fit.    DON’T connect the dots.  Place the line down the “middle” of the dots.
[image: https://saylordotorg.github.io/text_elementary-algebra/section_06/2c2bf1d718afbd9bcb7777fcc2fa9f63.jpg]Analysis
[bookmark: _GoBack][image: http://www.studyphysics.ca/newnotes/20/unit01_kinematicsdynamics/chp03_kinematics/images/slope.GIF]
1. Calculate the slope                             using 0 & 1 of the distant points:     


             
2. Examine Column 3 of your Data Table and answer: 
a. Did all galaxies increase the same amount of distance when the “universe” expanded?

b. How did the distance increase of distant galaxies (farthest from your home galaxy) differ from the distance increase of the nearest galaxies?  Support your answer with quantitative data from your table.


3. Size of galaxies: The galaxies were represented by the paper clips and washers.

a. Did the “galaxies” themselves increase in size when the universe expanded?  Explain.


b. What might be an explanation for why the galaxies themselves don’t expand?



Whole Class Discussion:

1. How do the slopes of other groups within the class compare to your slope?

2. Did the choice of which washer was the “home galaxy” appear to affect the slope? Explain.


3. Which galaxy was the center of the universe?  Explain.
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