BIG BANG: THE CREATION OF THE UNIVERSE

Background:


The leading theory for the formation of the universe is that it began with an explosion, commonly referred to as the  ‘Big Bang’.  According to the theory, the explosion threw all matter outward.  As the debris moved out from the original center, gravity pulled together pockets of gases and dust to form the galaxies, stars, and planets. The galaxies, stars, and planets continue the outward momentum from the original blast so the boundaries of the universe continue to expand.


This activity will provide an analogy for the ‘Big Bang’ by presenting evidence similar to what has led astronomers on Earth to adopt the Big Bang theory.  After your first measurements are made in lab, assume all new measurements are made at 10-year intervals. 

Materials:


Clothespin or equivalent


Round balloon


Permanent marker



Meter stick/ruler



Graph paper


String (~24 inches)

Procedure:

1. Inflate the balloon until it is approximately 10 cm across.  Twist and fold over the mouth of the balloon.  Secure it with the clothespin to keep it from deflating.  Using the permanent marker, make 9 dots randomly across the balloon’s surface.  Avoid making any marks near the part of the balloon where you blow it up.   Label each dot with the letters A thru I.  

2. Using the string, measure the distance between point A and every other point (B thru I).  Record this information in the row labeled ‘1st measurement’.  See the table below for a model.  You will want to make a larger one with the same number of rows and columns on the graph paper.  Neatness counts.

Sample table:

	Letter
	B
	C
	D
	….
	….
	….
	….
	I

	1st measurement (mm)
	
	
	
	
	
	
	
	

	10 yr. measurement (mm)
	
	
	
	
	
	
	
	

	Distance increase (mm)
	
	
	
	
	
	
	
	

	Rate of increase (mm/yr)
	
	
	
	
	
	
	
	

	Predicted distance after 20 yrs.
	
	
	
	
	
	
	
	

	20 yr. measurement (mm)
	
	
	
	
	
	
	
	

	% Error
	
	
	
	
	
	
	
	


3. Carefully remove the clothespin and inflate the balloon until it has a diameter twice as large as the first.  Secure the balloon to prevent it from deflating.  Once again, use the string to measure the distance between point A and every other point.  Record this information in your table under ‘10 yr. Measurement’.

4. Using the data from your table, calculate the difference between the 1st and 10 yr. measurements for all points, and enter the answer under ‘Distance increase’.

5. As mentioned in the Background above, assume measurements are made every 10 years.  Using this information and the Distance increase already calculated, determine the ‘rate of increase’ and enter this information in the data table.

6. Make a scatter plot of data from calculations made so far.  Label the x-axis as ‘10 yr. Distance’ and the y-axis as ‘Rate of increase (mm/yr)’.  Plot the appropriate data from your table.  Draw a best-fit line for the points on your scatter plot.  

7. Apply your rate of increase from step 5 to determine the distance between points after 20 years and record this information as ‘Predicted distance after 20 yrs.’ in your table.

8. Carefully remove the clothespin and inflate the balloon to roughly 3 times its original diameter.  Secure the balloon to prevent it from deflating.

9. Use the string to acquire a 3rd set of measurements and enter the data in your table as ‘20 yr. Measurement’.

10. Depending on the accuracy of measurements and consistency in inflating the balloon, your predicted distance may not match the actual 3rd measurement (20 yr.).  The difference between the predicted and actual measurements is called the deviation.  Calculate your percent (%) deviation using the formula found on page 1 of the ESRT.  In making these calculations, your actual measurement is considered the ‘accepted value’ listed in the formula.

Analysis & Conclusions: Answer the following on another sheet of paper.


1. Calculate the slope of the best-fit line on your graph.  What does this slope represent in reference to points on the balloon?

2. Does the rate of expansion differ from one location to the next?

3. Would astronomers measure a different rate of expansion if they made their measurements from the Moon, Mars, or any other planet?

4. Where is the center of the expansion for the points on the balloon?

5. The Big Bang theory suggests that the Earth, sun and all other stars are expanding. Where is the center of this expansion for our Universe?

NOTICE:  This lab is an amalgamation of several different labs, demonstrations, and ideas.  Related labs may be found at the following websites and there must be countless others out there:

http://www.ofcn.org/cyber.serv/academy/ace/sci/cecsci/cecsci020.html 

http://bubba.physics.ucdavis.edu/~barnard/PHY10LAB/Lab2.pdf
http://www.seed.slb.com/en/scictr/lab/balloon/ 

