GALILEO OBSERVED THE MILKY WAY WAS FULL OF STARS
Galileo’s Sky Drawings
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Galileo and the Milky Way

Erika Grundstrom


The first time I decided to look at something in the sky with a telescope, I chose the Moon.  It’s bright and rather big (easier to find!), it looks like it has dark and light spots, I'd heard it had craters – all very useful and interesting things when looking through a telescope.  But when I pointed my telescope toward the Moon, I missed!  It is a big sky after all.  Instead of seeing the Moon, I ended up looking at a bunch of stars!  When I looked at that spot without the telescope, it didn't look like there were hardly any stars.  


I thought this was interesting, so I pointed my telescope at the Milky Way.  On a clear night away from city lights, you can see the Milky Way as a faint, silvery-colored band that's about a fist wide and goes across the whole sky.  Some cultures associated this band with milk, some with a river, some with a road, some with straw, some with birds – you can make up your own story but all cultures have a name for the Milky Way.  When I pointed my telescope at a part of the Milky Way, instead of seeing something that looked like milk or a river or a road or birds, I saw over one hundred stars in one tiny patch of sky!


Galileo, looking through his telescope 400 years ago, saw the same incredible thing; he saw that the Milky Way was made up “innumerable stars.”  He wrote, “To whatever region of it you direct your spyglass, an immense number of stars immediately offer themselves to view, of which very many appear rather large and very conspicuous but the multitude of small ones is truly unfathomable.”  


Can you imagine this?  Galileo had grown up never knowing that there were more stars in the sky than those he could see with his own eyes.  He didn't know we are in a galaxy.  Throughout his life, Galileo (and everyone else in the world) had been told that “the heavens” were perfect and unchanging and that nothing new and nothing more could be observed in the sky with our eyes.  But a telescope makes our eyes better!  A telescope can catch more light than our eyes can, then it focuses that light so that we can see fainter objects.  A telescope can also magnify objects.  Both of these qualities are needed for the very faint, very close-together stars in the Milky Way.


This discovery, that the Milky Way is actually innumerable faint stars, was a major discovery because it showed that the way people were thinking about the universe didn't make sense anymore.  Most people, educated and uneducated, in Galileo's time believed the descriptions the ancient Greeks Aristotle and Ptolemy used for the Universe.  These ancient Greeks had a small view of the Universe – it had Earth, the Sun, the Moon, the planets and then, as if we were on the inside of a ball, a shell of stars, all at the same distance.  These ancient Greeks also said the Universe was perfect.  For instance, if something in the sky looked circular, it was a perfect circle, never rough or oval-shaped; if we could see something in the sky like the Sun or the Moon or a planet, it didn't have any marks or blemishes to hide its perfection.  These ancient Greeks also said the Universe is made of an unchanging substance, that what is there will always be there and there is nothing new and nothing more to be seen.  Galileo and his telescope proved otherwise – there WERE more things to be seen - there were thousands upon thousands of stars!  Besides the fact that there were so many of them, they had to be extremely far away to look so faint and for there to be so many of them in one area.  So now people knew that there were many things in the sky the ancient Greeks didn't know about and they also were at different, much farther distances than people had ever dreamed. Since the ancient Greeks were obviously wrong about what is in the sky, the question became how can they be right in all of their other descriptions of the way things work?  Imagine if someone presented good, reproducible scientific evidence that the way you've always thought was wrong – how would you react to this?  Galileo got many reactions to this, some people were very mean but some people were so curious that they wanted to see for themselves.

Three really big ideas…..

1. Today we know this about stars and how many there are and that many things we see are actually galaxies that contain billions of stars

2. Moreover, new types of telescopes have shown us that the band of the Milky Way is actually made of billions of stars

3. Something that many people are confused about is that they think they are looking at some distant object:  the Milky Way.  In fact, we are in the Milky Way.  

This is Galileo's true legacy, one of using something new to look at something you've seen all your life, and then trying to make sense out of what you see.  Perhaps it is not the way people have thought before you, but it could be the way everyone thinks after you tell the world.
What’s Way Out There? Part I 
Big Idea: The Hubble Space Telescope image “Hubble Ultra Deep Field” shows a variety of objects in the very distant Universe that can be systematically and scientifically counted, organized, and classified.
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http://www.astro.caltech.edu/~capak/hdf/index.html
Question:  Nearly every “dot” here is a galaxy of stars.  What can you count in this image?

Most of these objects are galaxies far, far from Earth.  Perhaps surprisingly, most of these objects are not individual stars, but actually distant galaxies—isolated collections of millions or billions of stars that look like a tiny dot or cloud.  

1) Determine how many galaxies are found in the image.  One strategy to count the number of galaxies in the image is to just count the number of objects in ¼ of the image (the bottom left corner for example) and then multiply the number of galaxies times four to get the total number.

Total number of galaxies in this image? ___________________
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2) Some of the galaxies are orange-red in color, while others are white, and others are blue.  What is the most common color of galaxy in the image?  Precisely explain how you determined this.
3) If we assume that all of the galaxies in this image have the same diameter, the ones that are close appear larger and the ones that are more distant appear smaller.  Are most of the galaxies in this image relatively near or relatively far?  What is your evidence?

What’s Way Out There? Part II – In the Computer Lab
Big Idea: The Hubble Space Telescope image “Hubble Ultra Deep Field” shows a variety of objects in the very distant Universe that can be systematically and scientifically counted, organized, and classified.
Computer Setup and/or Materials Needed:  
a) Access to the image at:  http://www.spacetelescope.org/images/screen/heic0406a.jpg
That originated from http://www.spacetelescope.org/news/html/heic0406.html
b) Access to the SkyWalker website at: http://www.aip.de/groups/galaxies/sw/udf/swudfV1.0.html 

c) Note:  There is no expectation that students have studied galaxies prior to completing this research project.

Phase I:  Exploration 

4) Access the online Hubble Space Telescope Image at http://www.spacetelescope.org/images/screen/heic0406a.jpg You might be able to make it larger and smaller by “left clicking” on the image with your mouse.  Most of these objects are galaxies far, far from Earth.  However, a few objects are nearby stars, as indicated by “four points” on the image, like shown at left.  

How many stars can you find? ________________

5) 2.  Again, most of these objects are not individual stars, but actually distant galaxies—isolated collections of millions or billions of stars that look like a tiny dot or cloud.  Determine how many galaxies are found in the image.  One strategy to count the number of galaxies in the image is to just count the number of objects in ¼ of the image (the bottom left corner for example) and then multiply the number of galaxies times four to get the total number.

Total number of galaxies in this image? ___________________

6) Some of the galaxies are orange-red in color, while others are white, and others are blue.  What is the most common color of galaxy in the image?  Precisely explain how you determined this.
7) If we assume that all of the galaxies in this image have the same diameter, the ones that are close appear larger and the ones that are more distant appear smaller.  Are most of the galaxies in this image relatively near or relatively far?  What is your evidence?

Phase II – Does the Evidence Match a Given Conclusion?

8) Access the interactive Ultra Hubble Deep Field site through the the SkyWalker website at: http://www.aip.de/groups/galaxies/sw/udf/swudfV1.0.html 
The green circle in the top left hand corner is a sort of “magnifying glass” that you can drag around that will let you look at close up portions of the Hubble Ultra Deep Field.  Note that the picture is about 8 green circles wide and 10 green circles tall, for a total of about 80 green circles over the whole image.

Make rough sketches of the five closest galaxies you can find in the image.


If a fellow student proposed a generalization that “nearby galaxies are equally split between circular-round and elongated spiral shapes,” would you agree, disagree with the generalization based on the evidence you collected?  Explain your reasoning and provide specific evidence either from the above tasks or from new evidence you yourself generate using the SkyWalker Web Site.
Phase III – What Conclusions Can You Draw From This Evidence?

The Hubble Ultra Deep Field is one of most important images in astronomy because it shows some of the most distant galaxies in the Universe.  What conclusions and generalizations can you make from the following data collected by a student by randomly positioning the green circle in an effort to determine WHAT IS THE GENERAL DISTRIBUTION OF GALAXY COLORS?  Explain your reasoning and provide the specific evidence you are using, with sketches or pie charts or graphs if necessary, to support your reasoning.

	GREEN CIRCLE SAMPLE NUMBER
	NUMBER OF RED-ORANGE GALAXIES
	NUMBER OF BLUE-WHITE GALAXIES

	1
	7
	27

	2
	10
	16

	3
	15
	19

	4
	10
	29

	5
	12
	27


Data collected at http://www.aip.de/groups/galaxies/sw/udf/swudfV1.0.html

9) Evidence-based Conclusion:

Phase IV – What Evidence Do You Need To Pursue?

Imagine your team has been assigned the task of writing a news brief for your favorite news blog about the differences between the numbers of nearby and extremely distant galaxies in the Universe.  Describe precisely what evidence you would need to collect, and how you would do it, in order to answer the research question of, “Are there more nearby galaxies or extremely distant galaxies?
10) Create a detailed, step-by-step description of evidence that needs to be collected and a complete explanation of how this could be done—not just “move the green circle around and look at how many big and how many small,” but exactly what would someone need to do, step-by-step, to accomplish this.  You might include a table and sketches-the goal is to be precise and detailed enough that someone else could follow your procedure.
Phase V – Formulate a Question, Pursue Evidence, and Justify Your Conclusion

Your task is design an answerable research question, propose a plan to pursue evidence, collect data using the interactive Ultra Hubble Deep Field site (or another suitable source pre-approved by your lab instructor), and create an evidence-based conclusion about the characteristics of galaxies in our Universe, which you have not completed before.  

Research Report:

11) Specific Research Question:

12) Step-by-Step Procedure, with Sketches if Needed, to Collect Evidence:

13) Data Table and/or Results (use additional pages if needed):

14) Evidence-based Conclusion Statement:

Using GALAXY ZOO Online
Big Idea: The countless galaxies of stars spread throughout the Universe have characteristics that can be observed and classified.
Goal:  Students will conduct a structured series of scaffolded scientific inquiries about the nature of observed galaxies using the Internet sites prescribed, particularly the Sloan Digital Sky Survey via the original Galaxy Zoo [http://zoo1.galaxyzoo.org/]

Computer Setup:  

Access      http://zoo1.galaxyzoo.org/ and 

a) Select REGISTER and set up a username  as:

          KONA __ __ __ __ __  
(where the five blanks are numbers) and a password that is identical to your username.  Record this information on this sheet.

b) Use one of your team member’s email addresses.  Record it in the box.
c) Create and enter a security question and answer.  Record it in the box.
d) Select CREATE USER and, when set up, select CONTINUE.
Phase I:  Exploration 
1) From your book, your class notes, or from the Internet, find a reasonably good definition of a galaxy and write it in the space below.  Include one rough sketch of what one looks like.
Definition and sketch of GALAXY:

2) Imagine that each of the two images below show a single galaxy of billions of stars.
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Spiral Galaxy                                    Elliptical Galaxy
In the space below, write a detailed description of the characteristics of each that allow you to distinguish one galaxy from the other.

	Observable Characteristics of a Spiral Galaxy
	Observable Characteristics of an Elliptical Galaxy

	
	


After logging into http://zoo1.galaxyzoo.org/, if you aren’t already in, select HOW TO TAKE PART and complete the online TUTORIAL, completing the table below as you go along.

3) TUTORIAL PART 1A: SPIRAL or ELLIPTICAL

	
	
	
	
	

	
	
	
	
	


First record your answers in the blocks above corresponding to the Tutorial Part 1A. Then, check your answers and in the event your answer does not agree, mark a single line through your response.  There is no penalty for having an incorrect answer.

4) TUTORIAL PART 1B: SPIRAL or ELLIPTICAL

	
	
	
	
	

	
	
	
	
	


First record your answers in the blocks above corresponding to the Tutorial Part 1B. Then, check your answers and in the event your answer does not agree, mark a single line through your response.  There is no penalty for having an incorrect answer.

5) TUTORIAL PART 1C: MERGING or NOT MERGING

	
	
	
	
	

	
	
	
	
	


First record your answers in the blocks above corresponding to the Tutorial Part 1C. Then, check your answers and in the event your answer does not agree, mark a single line through your response.  There is no penalty for having an incorrect answer.

6) TUTORIAL PART 1D: SPIRAL or ELLIPTICAL

	
	
	
	
	

	
	
	
	
	


First record your answers in the blocks above corresponding to the Tutorial Part 1D. Then, check your answers and in the event your answer does not agree, mark a single line through your response.  There is no penalty for having an incorrect answer.

7) TUTORIAL PART 2B: CLOCKwise or ANTI-clockwise or EDGE on/can’t tell
	
	
	
	
	

	
	
	
	
	


First record your answers in the blocks above corresponding to the Tutorial Part 2B. Then, check your answers and in the event your answer does not agree, mark a single line through your response.  There is no penalty for having an incorrect answer.

8) TUTORIAL PART 3: GALAXY or “?”

	
	
	
	
	

	
	
	
	
	


First record your answers in the blocks above corresponding to the Tutorial Part 3. Then, check your answers and in the event your answer does not agree, mark a single line through your response.  There is no penalty for having an incorrect answer.
Now you are ready to move forward!

9) At the bottom of the HOW TO TAKE PART – TUTORIAL page, select the PROCEED TO THE TRIAL button. Your team will be asked to fully classify 15 galaxies. If your classification agrees with scientists’ classifications 8 or more times, you will be able to enter the SDSS scientific database to conduct your research.  You can repeat this step if necessary.
Record the results of your TRIAL data collection here:

	
	Circle One

	Image #1
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image #2
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image #3
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image #4
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image #5
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image #6
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image #7
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image #8
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image #9
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image #10
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image #11
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image #12
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image #13
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image #14
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image #15
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


10) Rate the relative DIFFICULTY your team has distinguishing the following by circling one.

	Rate the difficulty of classifying each of the following:
	Nearly Impossible
	Challenging
	Some easy, some not
	Pretty Easy

	Elliptical Galaxies
	Imposs.
	Chall.
	Varies
	Easy

	Spiral Galaxies
	Imposs.
	Chall.
	Varies
	Easy

	Edge-on Spiral Galaxies
	Imposs.
	Chall.
	Varies
	Easy

	Merging Galaxies
	Imposs.
	Chall.
	Varies
	Easy

	Stars
	Imposs.
	Chall.
	Varies
	Easy

	Cosmic Rays or Satellite Streaks
	Imposs.
	Chall.
	Varies
	Easy


Phase II – Does the Evidence Match the Conclusion?

Enter the GALAXY ANALYSIS Galaxy Zoo scientific database and classify ten (10) images.  Keep a record of your results in the “Tally Sheet” below using tick marks. 
	TALLY SHEET

Data Table #1
	Clockwise Spiral

	Anticlockwise Spiral

	Edge On    Unclear


	
	Elliptical Galaxy


	
	Star    Don’t Know

	Merging Galaxies




11) If a student proposed a generalization that “most galaxies are elliptical,” would you agree, disagree with the generalization based on the evidence you collected SO FAR?  Explain your reasoning and provide specific evidence either from the above questions or from evidence you yourself generate using Galaxy Zoo.

Phase III – What Conclusions Can You Draw From the Evidence?

Galaxies are observed to have numerous different shapes.  What conclusions and generalizations can you make from the following data collected by a student in terms of DO SPIRALS GENERALLY SPIN CLOCKWISE OR ANTI-CLOCKWISE?  Explain your reasoning and provide specific evidence, with sketches if necessary, to support your reasoning.

	TALLY SHEET

Data Table #2
	Clockwise Spiral
36


	Anticlockwise Spiral
21


	Edge On    Unclear
16




12) Evidence-based Conclusion:

Phase IV – What Evidence Do You Need?

Imagine your team has been assigned the task of designing a scientific observation plan for your favorite news blog about galaxies that collide and merge into a single, larger galaxy.  Describe precisely what evidence you would need to collect in order to answer the research question of, “What fraction of galaxies observed appear to be in the process of merging with other galaxies?”
13) Create a detailed, step-by-step description of evidence that needs to be collected and a complete explanation of how this could be done—not just “look and see how many are merging,” but exactly what would someone need to do, step-by-step, to accomplish this.  You might include a table and sketches-the goal is to be precise and detailed enough that someone else could follow your procedure.
Phase V – Formulate a Question, Pursue Evidence, and Justify Your Conclusion

Your task is design an answerable research question, propose a plan to pursue evidence, collect data using Galaxy Zoo (or another suitable source pre-approved by your lab instructor), and create an evidence-based conclusion about the nature and or frequency of galaxies we observe.  

Research Report:

14) Specific Research Question:

15) Step-by-Step Procedure, with Sketches if Needed, to Collect Evidence:

16) Data Table and/or Results:

17) Evidence-based Conclusion Statement:

Optional Data Table:  ___________________________________________________________

http://zoo1.galaxyzoo.org/

	
	Circle One

	Image
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


Optional Data Table:  ___________________________________________________________

http://zoo1.galaxyzoo.org/

	
	Circle One

	Image
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies


	Image
	Clockwise Spiral
	Anticlockwise Spiral
	Edge On    Unclear

	
	Elliptical Galaxy

	
	Star    Don’t Know
	Merging Galaxies



















































































































































































Userid:   KONA ___   ___   ___   ___   ___


Password:  same as above





Email: ________________________________________








Security Question: _______________________________








Answer: _______________________________________











