Name			Block		 (list all members of your subgroup on the last page)

Stellar Evolution (Scientific Models)

Purpose: 	View the evolutionary track for people and compare it to the evolutionary track of stars.  How does a person’s height and weight change as he or she ages? How do stars move through their life cycle?  What happens to a star’s temperature and luminosity, as it grows older? Are there exceptions to the rule for people? What about stars? How are stars born, explain their life cycle(s), and how to they die?

Materials: Pencils, ruler, Lab paper, computers with Internet connections, Media Center collection, and calculators. 

Method:  Students will use the cooperative structure called Group Investigation. This is a complex structure. After all members of the class read over the lab and have an opportunity to ask questions, the class will complete the graphs related to the lab. The class will then determine sub-topics of this multi-faceted problem and organize into research groups. Each group will plan what it investigates and how it will go about it. All groups carry out their plans.  Groups plan their presentations. Groups make their presentations. Students collaborate in the evaluation of the investigation after the results are discussed.  The entire class will view Dr. Carl Sagan’s video Life Cycle of the Stars (part of the Cosmos series) as a culminating activity. Students may go to the media center and/or work in the science classroom using the computers and the Internet.

Background:	For centuries, astronomers wondered about the life cycles of stars. Do stars burn forever, or do they have lifetimes? How are they born, and how do they die? How do they change as they go through their lives?

These questions proved difficult to answer because stars live so long. Today, we know that even a relatively short-lived star burns for a few million years. Stars like our sun last about 10 billion years, and some stars burn even longer. Compared to the average human lifespan of about 100 years, stars seem to live forever. A human could never watch a star go through its complete life cycle.

How can humans learn about the life cycles of stars? By looking at a large number of stars, we can see them in various stages of development. We see young hot stars; old cool stars, and stars that have ended their lives and left empty hulks. If we look at enough stars of various ages, we can put together a complete picture of stellar evolution.

In the early 1900s, physicists worked out the theory of nuclear fusion and realized that fusion provided enough energy to power stars. They realized that eventually, stars would run out of nuclear fuel and burn out. So all stars would eventually die. But what would happen to stars during their lives?

In 1911, Ejnar Hertzsprung, a Danish astronomer studying at the University of Leiden in the Netherlands, plotted the luminosities of stars against their colors. He noticed some patterns.

In 1913, Henry Norris Russell of Princeton University plotted the luminosities of stars against their spectral types. Spectral types are also a measurement of temperature.  Russell made the same diagram that Hertzsprung made. The diagram became known as the Hertzsprung-Russell (or "H-R") diagram. By studying H-R diagrams, astronomers figured out the life cycles of stars.

You and your partners will use some interesting data to make three graphs.  After comparing and contrasting the graphs, you may be able to see a pattern and draw conclusions after you do further research.

Using the data listed below, create 3 graphs.  Draw a smooth line through the greatest concentration of dots on your graphs.  In other words, make a “best fit” line of the data.
 



Data:
	Height vs. Weight U.S. Population

Data Table “A”

	
	
	

	Height - Inches
	Weight - Pounds
	

	60
	115
	

	62
	125
	

	64
	130
	

	65
	140
	

	66
	145
	

	68
	165
	

	70
	170
	

	71
	178
	

	72
	180
	

	74
	200
	


	Height vs. Weight of an aging Male

Data Table “B”

	
	

	Height - Inches
	Weight- Pounds

	21
	8

	24
	25

	36
	45

	48
	60

	54
	80

	58
	90

	60
	95

	64
	115

	66
	130

	68
	145

	68
	155

	68
	170



















Actual Star Data

	Data Table “C”

	Star
Number
	Star Name
	Surface Temp (K)
	Visual Luminosity

	1
	Sun
	5,800
	1

	2
	Luyten 726-9A
	2,600
	0.00006

	3
	Epsilon Eridani
	4,600
	0.3

	4
	Aldebraran
	3,800
	690

	5
	Eta Aurigae
	16,000
	580

	6
	Rigel
	12,000
	89000

	7
	Betelgeuse
	3,300
	20000

	8
	Mu Camelopardalis
	3,000
	150

	9
	Canopus
	7,400
	9100

	10
	Sirius A
	10,000
	23

	11
	Sirius B
	10,000
	0.003

	12
	BD +5 1668
	3,000
	0.0015

	13
	Procyon A
	6,500
	7.6

	14
	Iota Ursae Majoris
	7,800
	11

	15
	Zeta Leonis
	8,800
	50

	16
	Wolf 359
	2,600
	0.00002

	17
	LaLande 21185
	3,300
	0.0055

	18
	Ross 128
	2,800
	0.00036

	19
	Spica
	20,000
	1900

	20
	Arcturus
	3,900
	76

	21
	Alpha Centauri A
	5,800
	1.3

	22
	Beta Canis Minoris
	12,000
	240

	23
	Antares
	3,000
	3600

	24
	Zeta Ophiuchi
	23,000
	4500

	25
	Vega
	11,000
	52






Results:
Graphs represented here are complete to show what students should produce





















































































Questions:

	1.	What seems to be the relationship between the average height and weight of the U.S. population? Does that relationship seem logical?  Why or why not?	
			
			
			

	2.	What seems to be the relationship between the height and age of the average male in the U.S.? Does that relationship seem logical?  Why or why not?	
				
			
			

	3.	What is the relationship between luminosity and temperature for most stars?	
			
			
			

	4.	Explain the relationship.	
			
			

	5.	What is luminosity? What are the units?	
			
			
			

	6.	What are the spectral classes of stars? Name them.	
			
			

	7.	What is the classification of our sun?  Why?	
			

	8.	Why is temperature measured in Kelvins?	

			

	9.	Do stars burn forever, or do they have lifetimes? 	

			

	10.	How are stars born?	

			
			

	11.	How do stars die? 	
			
			

	12.	What changes take place when stars go through their lifecycle? What is the “main sequence”?	

			
			

	13. Why does graph “C” show exceptions to the general rule you stated in question # 3? 	
			
			
	14.	What are the exceptions to the rule?			
			
			
	15.	The low-luminosity stars tend to be the near-by stars (need to be close to be visible).  Where on the H-R diagram do these stars fall?	
	16.	Is there any similarity about the above stars surface temperature? Explain.	
			
	17.	Are stars hotter than our sun generally more or less luminous?  Why or why not? 	
			
	Research group questions:
	1.	Was there acceptance and trust in your group?  Why or why not? 	
			
	2.	Was there clear communication among members of your group? Explain.	
			
	3.	Was there support of individual ideas? Explain. 	

			

	4.	Was there constructive criticism and resolution of any conflicts?  Give examples.	

			

			


Conclusion: (A = Answer purpose questions, B = 5 items you learned by doing the lab, C = your opinion (3 sentences)

	A.		
			
			
			
			
			
			
	B.		
			
			
			
			
			
			
			
	C.				
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[bookmark: _GoBack]				
Weight vs. Height US population
Weight	60	62	64	65	66	68	70	71	72	74	115	125	130	140	145	165	170	178	180	200	Height - Inches

Weight - Pounds



Age vs. Weight Aging Male
Weight	21	24	36	48	54	58	60	64	66	68	68	68	18	25	45	60	80	90	95	115	130	145	155	170	Age - Years

Weight = Pounds


H - R Diagram
Visual Luminosity	5800	2600	4600	3800	16000	12000	3300	3000	7400	10000	10000	3000	6500	7800	8800	2600	3300	2800	20000	3900	5800	12000	3000	23000	11000	1	6.0000000000000002E-5	0.3	690	580	89000	20000	150	9100	23	3.0000000000000001E-3	1.5E-3	7.6	11	50	2.0000000000000002E-5	5.4999999999999997E-3	3.6000000000000002E-4	1900	76	1.3	240	3600	4500	52	Temperature (K)

Luminosity Sun = 1
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