Lab 10: Galactic Structure
In this lab, we’ll be constructing 3-D models of the “celestial sphere” to look at how different types of objects are distributed in the sky, and what those arrangements tell us about the parts of our galaxy in which they reside.
This lab has a total of 45 points.  It is due by the end of Friday November 5.

Part 1: Different Arrangements (11 points)   
The style of map we’re going to use for this lab looks like the image shown below.  It looks like the peel of an orange.  We’re going to figure out where different objects in the sky would be located on this orange-peel map, and then reassemble it into a sphere to get a clear view of how things are arranged.  When we do this, the points along the top of our orange-peel map meet together at the north celestial pole, and the points along the bottom meet at the south celestial pole.
[image: ]
But first, let’s try imagining several different arrangements of objects and how they would look on a fully-assembled celestial sphere.  That way, when we look at how the distributions of actual objects in space look on our spherical maps, we can draw conclusions about how they’re organized.
Below are five different ways that objects may be arranged in space relative to our position – in each case, Earth is the big blue dot.  Also below are how those distributions would look, if we were to map those three-dimensional distributions onto the two-dimensional celestial sphere.
	

	[image: ]
A
We are located in the middle of a disk-shaped distribution of objects.
	[image: ]
1
On the celestial sphere, the objects are arranged in a line or band that goes less than halfway around.
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B
It is a disk-shaped distribution of objects.  Rather than inside the disk, we are located just beyond the edge of it.
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2
On the celestial sphere, the objects may be seen in all directions.
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C
It is a disk-shaped distribution of objects.  We are located either above or below that disk.
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3
On the celestial sphere the objects are arranged in a band that goes all the way around.
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D
The objects are arranged in a ball or cluster, and we are outside of that group.
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4
On the celestial sphere, the objects are distributed over a wide region that occupies almost half of the celestial sphere.
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E
The objects are in a three-dimensional group or cloud (rather than a flat disk), and we are inside that group.  (The objects in the group aren’t as regularly spaced as shown here – that spacing is simply to make it easier to see there are objects in all directions.)
	[image: ]
5
On the celestial sphere, the objects are mainly in a small region in a particular direction.



(If the formatting has gotten all weird, look at the PDF to see things as they should look.)
Match each distribution in space to how it would look on the celestial sphere – for example, A-5, B-3, and so on.  You don’t have to explain your reasoning, but it may help you get partial credit.  [5 points]   

Now let’s think about how these various distributions relate to how our own galaxy is set up.  Which of the distributions above best match the descriptions below?  Note that some answers may be repeated.
We are within the disk of our galaxy, looking at objects associated with the disk.   
We are within the bulge of our galaxy, looking at objects associated with the bulge.   
We are looking at objects associated with our galaxy’s halo.   
We are aligned with our galaxy’s disk, but beyond its outer edge, looking at objects associated with the disk.   
We are above or below our galaxy’s disk, looking at objects associated with the disk.   
We are outside of our galaxy’s bulge, looking at objects associated with the bulge.   
[6 points total]   

In this lab we’ll be looking at five different object types and where in the sky the most prominent examples of each can be found.  From that we’ll try to figure out where they are compared to how our own galaxy is set up:
We’ll look at the stars of the Milky Way – the fuzzy band you can see stretching across the night sky, if you’re far enough from city lights.  With a telescope you can tell that this glowing band is made of countless stars.  Our galaxy is named the Milky Way Galaxy after this band of stars.  This lab will only refer the Milky Way Galaxy as just “our galaxy,” to help distinguish it from the band of stars.
We’ll be looking at open clusters: star clusters that are smaller and less organized than globular clusters, and typically are younger.  Examples include the Pleiades and the Beehive Cluster.
We’ll be looking at globular clusters: larger clusters that resemble great big balls of stars.  These clusters tend to be larger and older.  Examples include M11 and M67.
We’ll be looking at gaseous nebulae.  A nebula – from the Latin word for “little cloud” – is any glowing cloud of gas in space – such as the gas a dying star releases just before collapsing.  In this case, the nebulae we’ll be looking at are associated with the births of stars: clouds of gas and dust getting compacted enough to trigger the formation of new stars within.  These nebulae are often lit up by the bright young stars that have just formed inside them.  The most famous star-forming nebula is the Orion Nebula.
Lastly, we’ll also check out the distribution of galaxies beyond our home galaxy, to see if there are any patterns or trends to their arrangement in space.

Part 2: Map Assembly (14 points)   
In order to get a better idea of where different types of object are in space, we’re going to place them on a map of the celestial sphere, and then reassemble that map it back into a sphere.  
While we have it in map form, let’s get our bearings a little bit.  This map is divided into the various territories claimed by different constellations.  (Things have been simplified quite a bit – the actual constellation boundaries are more complicated, and some tiny constellations have been left out.)  This map was created using celestial coordinates – the same coordinates used in the celestial sphere, complete with north celestial pole (across the top), south celestial pole (across the bottom), and celestial equator (across the middle).
Using this map…
Name a constellation at or very close to the north celestial pole.  (1 point)   
Name a constellation at or very close to the south celestial pole.  (1 point)   
Name four constellations that the celestial equator passes through.  (4 points)   

We’ll be making some additions to this map and reassembling it into a sphere.  We’ll be following these general steps:
1. Mark the locations of different types of objects on the map.
2. Cut out the map, leaving the rectangular tabs as part of it.
3. Assemble the map onto a skewer, or something similar.
The actual steps aren’t quite as simple as the above summaries, so let’s go into more detail:
Marking up the map
Below you’ll see a table showing how many of each type of object – open clusters, globular clusters, gaseous nebulae, and galaxies – are in each constellation.  Pick a different way of indicating each type of object: for example, you can use different-colored dots if you have different markers available, or different symbols if you have only one color of marker.  Put appropriate marks in the appropriate constellations.
For example:
Let’s say I’m going to use blue dots for open clusters, red dots for globular clusters, green dots for gaseous nebulae, and orange dots for galaxies.
The first row of the table is for the constellation Cepheus, which is a triangle-shaped region in the upper left part of our map page.  The table says there are 3 open clusters, 0 globular clusters, 6 gaseous nebulae, and 0 galaxies in Cepheus.  So in that triangular region I’ll put 3 blue dots and 6 green dots.  For the purposes of this lab, it doesn’t matter where in that triangular region they go – we’ll still get the same “big picture” conclusions.
If I didn’t have different-colored markers, I could instead mark open clusters with hollow circles, globular clusters with colored-in circles, gaseous nebulae with dashes, and galaxies with X’s.
You don’t want to make your symbols too large – otherwise in some parts of the map things might get too crowded.  Try tackling the contents of Sagittarius first to get an idea of how to handle it.
When we ultimately assemble the map, it will be with the labels facing inward.  So when you make your marks, be sure you’ll be able to see them from the back side of the page.  (This is one of those rare times when bleed-through is a good thing!)


	
	open clusters
	globular clusters
	gaseous nebulae
	galaxies

	Cepheus
	3
	
	6
	

	Pegasus
	
	4
	
	2

	Aquarius
	
	1
	
	

	Capricornus
	
	4
	
	

	Grus
	
	
	
	2

	Draco
	
	
	
	5

	Cygnus
	7
	
	6
	

	Vulpecula
	
	
	4
	

	Aquila
	3
	
	2
	

	Sagittarius
	2
	20
	3
	

	Telescopium
	
	8
	
	

	Hercules
	
	4
	
	

	Ophiuchus
	
	8
	
	

	Scorpius
	6
	
	
	

	Lupus
	2
	
	1
	

	Norma
	4
	
	
	

	Ursa Major
	
	
	
	16

	Canes Venatici
	
	
	
	10

	Boötes
	
	2
	
	

	Coma Berenices
	
	3
	
	12

	Virgo
	
	2
	
	11

	Centaurus
	1
	2
	4
	5

	Leo
	
	
	
	8

	Hydra
	
	1
	
	2

	Camelopardalis
	
	
	
	4

	Monoceros
	
	
	8
	

	Canis Major
	6
	
	3
	

	Puppis
	5
	
	1
	

	Perseus
	4
	
	5
	

	Taurus
	3
	
	3
	

	Orion
	3
	
	6
	

	Eridanus
	
	
	
	8

	Dorado
	
	3
	
	4

	Cassiopeia
	8
	
	7
	

	Andromeda
	
	
	
	4

	Triangulum
	
	
	
	7

	Pisces
	
	
	
	3

	Cetus
	
	
	
	7

	Fornax
	
	
	
	2

	Sculptor
	
	1
	
	5





When you’re done making symbols for the four different object types, there’s one last task for your markers: drawing in the Milky Way – the faint band of stars you can see in the night sky, when you’re far enough from city lights.  It is already shown on the map – it’s that curved band full of dots that starts in Cepheus in the upper left, bends downward in the middle of the map into Centaurus and Carina, and returns upward again to Cassiopeia.  Using a marker or highlighter, make some markings so that you’ll be able to see this band from the back side of the page.  (Take care to not have it ruin your other symbols!)

Assembling the map
There are different ways you can go about cutting out your map and assembling it into a three-dimensional sphere.
Regardless of which method you use, remember that the constellation labels should go on the inside, since they are from the perspective of what Earth sees.  (And Earth would be within the sphere.)  This means the outside of the ball you assemble should look plain white, aside from the various bleed-through markings you made earlier.
If you have a wooden cooking skewer (or other skinny pokey object):
Do you see those 16 little circles at the “poles” of your map?  When you cut out and curl up your map, the skewer will be going through those circles.
Use your skewer to poke holes in those circles before you cut out the map.  (Some scrap cardboard behind the page may help keep things under control.)  If your skewer doesn’t have a sharp pointy end, try something else to make the holes – like a sharpened pencil, or a nail, or a screwdriver.  Try to make the holes the same size as your skewer – if they’re too small, it might cause trouble after you’ve cut out the map.
Cut out the awkward-shaped map, keeping the rectangular tabs as part of the map.  Make sure the skewer-holes have plenty of room, so they won’t tear through the side when you start assembling the map.  This might mean that you should treat the rectangular tabs as larger than they are depicted on the page.
Curl up the map, and slide the skewer through one pole’s set of eight holes.  Slide things further down, and then place the skewer through the other eight holes.  At this point you should have a paper ball on a skewer.  If you’re feeling adventurous, you can try shoving fingers or other narrow objects into the gaps to straighten things out a little better.  You can also apply tape to make things look nicer.
If you don’t have a skewer, but you do have pins or unfolded paper clips: 
This process will be similar to the skewer method, except here you will use one unfolded paper clip for one pole of the map, and a second unfolded paper clip for the other pole.
As with the skewer method, you should poke your holes before cutting out the map.  Since these holes will be smaller, the rectangular tabs will probably be a good-enough size without having to be enlarged.
If you have a round object almost 3 inches across:
Maybe you don’t have a skewer or pins or things like that (or don’t trust your dexterity around them), but you do have a ball that’s almost 3 inches across – perhaps a baseball or a large orange.  If it’s the right size, you can fold up your map around the ball.  (This method will probably be more awkward than the previous ones.)
To test things, try cutting off the ends of the page with the map, so that you can curl it around to have the map’s westernmost edge (with Pegasus and Aquarius) meet up with its easternmost edge (with Pisces and Cetus).  If the ball is more-or-less the right size for wrapping the map around it like that, you can proceed.
Cut out the map the rest of the way, without the rectangular tabs.  Then assemble the map around the ball, taping things down as necessary.
If you have none of the above:
Either you can put things on hold until you can scrounge up some paper clips or other useful materials, or you can try the “ball” method without a ball: just use tape to attach the curved edges appropriately.  The first few edges will be easy, but things might get tricky near the end.

[bookmark: _GoBack]Take a picture of your masterpiece and either paste it below or send it in separately.  (6 points)


If you’re unable to take a picture of it, let me know and we can figure out an alternative.  Your assembled paper ball doesn’t have to be perfect, but it should be good enough to let you answer the questions in the rest of the lab.
What colors/symbols/etc. did you use for the different types of objects?  (This will let me know what I’m looking at in your picture.)  (2 points)   
the Milky Way: 
globular clusters: 
open clusters: 
gaseous nebulae: 
galaxies: 


Part 3: Your Newly-Assembled Celestial Sphere (20 points)
Hooray!  A three-dimensional model of the sky.  We still don’t know how far away these various objects are – it’s hard to distinguish a large distant nebula from one that’s smaller and closer, for example – but their arrangements on the celestial sphere can tell us about how they’re distributed in our galaxy.

First, let’s consider the Milky Way seen in the night sky – that band of stars you can see if you’re far enough from city lights.  Now that we see it on this assembled spherical map, what is the arrangement of these stars in space?  For example, are they uniformly spread out in all directions, or in a flat plane, or something else?  Explain your answer.  (2 points)   

Based on how the following object types are distributed on the celestial sphere, describe how they are distributed in space, relative to Earth’s position.  (Effectively, this is like what we did in Part 1, but in the reverse direction.)  Explain your answer in each case.
our galaxy’s globular clusters:   
our galaxy’s open clusters:   
our galaxy’s gaseous nebulae:   
(6 points total)   

Based on your answers above, is each object type associated mainly with our galaxy’s disk, bulge, or halo?
the “Milky Way” band of stars:   
the globular clusters:   
the open clusters:   
the gaseous nebulae:   
(4 points total)   

There are other galaxies out there, beyond our own galaxy.  Based on what we see in the map, how are galaxies arranged in space?  Explain your answer.  (2 points)   


The celestial sphere is useful for describing objects seen in the sky from Earth, but astronomers that study our galaxy might prefer a coordinate system based on how the galaxy is arranged, instead of the direction Earth’s north pole happens to be pointing.
Let’s imagine changing the orientation of this celestial sphere so that instead of celestial coordinates (which are based on the directions of Earth’s poles and equator), we’re using galactic coordinates in which the “equator” is the plane of our galaxy.
These three questions might be a little difficult to answer using just your celestial sphere, since its unlabeled side is facing out.  So you’ll want to compare your sphere with an unassembled map showing the constellations, or you might want to try marking up your assembled sphere then disassembling it.  (Don’t forget to take your picture before disassembling!)
Name four constellations that would be on (or very close to) the galactic equator.  (4 points)   

Name a constellation that would be at or very close to one of the two galactic poles.  (1 point)   
Name a constellation that would be at or very close to the other galactic pole.  (1 point)   
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