[bookmark: _GoBack]Lab 9: The H-R Diagram
In this lab we’ll look at the Hertzsprung-Russell diagram, a scatter plot used to look at the properties of stars and how they’re related to each other.  We’ll be looking at just what goes into an H-R diagram, we’ll be creating our own, and we’ll be looking at other H-R diagrams to draw conclusions about star clusters, stars in our neighborhood, and the stars you see in the sky at night.
This lab has a total of 31 points.  It is due by the end of Friday October 29.

Part 1: Brightness and Color (9 points)   
As we start to construct a scatter plot for stars, two sensible ways of describing them are brightness and color.  But if we’re going to make a scatter plot using those things, we first should find a way to quantify them.
We already looked at the magnitude system used to describe a star’s brightness in one of the pre-labs.  A star’s apparent magnitude tells us how bright it appears from Earth, while a star’s absolute magnitude tells us how bright the star would appear if it were moved to a reference distance.  Since we’re interested in a star’s luminosity here – the amount of total light it gives off – absolute magnitude will be more useful for us.
Let’s try it out using the constellation Leo.  Here are 10 of the brighter stars in Leo, as you might see them in the night sky:
[image: Simulated view of how the constellation Leo might appear in the night sky.]
As you can see, these stars nicely suggest the shape of a lion lounging in a sphinx-like pose.
Here are these stars’ names and absolute magnitudes:
[image: ]
Which of these 10 stars gives off the most total light, regardless of their distances from Earth?  [1 point]   
Regulus (Alpha Leonis) with absolute magnitude of -052 gives off most total light.
Which of these 10 stars gives off the least total light?  [1 point]   
Denebola (Beta Leonis) has the highest absolute magnitude and therefore gives off the least total light.
The Sun has an apparent magnitude of -26.74, and an absolute magnitude of 4.83.  Which of the 10 stars above give off more total light than the Sun?  [1 point]   
Eta Leonis with absolute magnitude of -5.60 gives more total light than the sun.

Now let’s think about color.  As we’ve seen, very hot objects – like stars and stove coils and light bulb filaments – produce their own visible light.  The spectrum of light they give off takes on a rounded mountain shape, with its peak located somewhere among the visible part of the spectrum.
The properties of that mountain shape depend only on the object’s temperature: if your stove coil, the heating element in your toaster, and the star Antares are all glowing the same reddish-orange color, then they’re all the same temperature.  As the object gets hotter, the peak of the mountain moves from the infrared, to the red end of the visible spectrum, to orange, to yellow, and onward – the hottest stars in the universe glow blue.
There is a little hiccup in the rainbow.  When something is hot enough for the mountain peak to be located at “green,” it actually looks like its glowing white.  This is because when the mountain peak is at green, the rest of the visible spectrum is also getting a lot of attention, and our eyes interpret “lots of light at all visible colors” as white.  So as you move to hotter stars, they go from red to orange to yellow to white to blue.
Another change to the spectrum as something gets hotter is that it will give off more light at all wavelengths.  So not only will orange-hot lava be a different color from red-hot lava, but it’ll also look brighter.  Be careful, though: a star can also appear brighter if it is closer to us, or if it is larger in size.

So that’s neat: a star’s color gives us information about the temperature (or rather, the temperature at the star’s surface).  That sounds quite useful.
A common technique for reporting a star’s color is to look at how bright it appears in two different filters – typically “B” (blue) and “V” (“visible,” centered around green) – and subtract one from the other.
As an example, let’s picture how this works with two stars: Star X and Star Y.  If we look at their apparent magnitudes (remember: brighter stars have lower magnitudes), Star X has B=3.5 and V=3.0, and Star Y has B=4.0 and V=3.0.  Since both stars have the same apparent V-magnitude, they both appear to be the same brightness in the V filter.

Which star appears brighter in the B filter?  
Star X
Which star is bluer in color?  
Star X
Which star is hotter?
Star X
Calculate “B minus V” for both stars.  
Star X
3.5-3.0= 0.5
Star Y
4.0-3.0= 1
If a star is bluer, does it have a larger value or smaller value of B-V?  
A bluer star has a lower value of B-V
[3 points total]   

Now let’s see if there are any distance effects to a star’s B-V color.  If a star is farther away, it appears fainter.  This is because Earth appears as a smaller target for light given off in all directions by the star.  If a star is 10 times farther away, it looks 100 times fainter.  And because of how the magnitude system works, 100 times fainter results in 5 added to the star’s magnitude in all filters.
Let’s say Star Y suddenly moved 10 times farther away.  What are its apparent B and V magnitudes now? [1 point]  
Star Y new magnitude is the old magnitude plus five
For B; 4.0 + 5 = 9
For V; 3.0 + 5 =8

What is its B-V color index now? [1 point]  
B-V; 9-8= 1
What effect does distance have on B-V? [1 point]  
There is no effect that distance made on B-V	

Part 2: The Hertzsprung-Russell Diagram (16 points)   
Okay, let’s put the above information into use with a scatter plot.
Our y-values will be absolute magnitudes.  Because more luminous stars will have larger absolute magnitudes, our y-axis will be upside-down: smaller numbers at the top and larger numbers at the bottom.
Our x-values will be color, using the B-V color index.  Bluer stars (lower B-V) will go on the left, and redder stars (higher B-V) will go on the right.

Let’s try placing some stars in the diagram.  Here are nine stars, some of which we’ve seen previously - in the Scale Models lab, in Nighttime Observing, or even earlier in this lab.  
Calculate the B-V color index for each star in this table, and then consult the H-R diagram page to identify each star with the letters P through X.
[9 points]
	Star
	apparent
B magnitude
	apparent
V magnitude
	B-V color
	absolute
V magnitude
	letter

	Proxima Centauri
	12.95
	11.13
	1.82 
	15.57
	X

	Sirius A
	-1.46
	-1.47
	0.01
	1.42
	R

	Sirius B
	8.41
	8.44
	-0.03
	11.33
	S

	Rigel
	0.09
	0.12
	-0.03
	-6.99
	Q

	Pollux
	2.15
	1.15
	1
	1.07
	T

	Barnard’s Star
	11.24
	9.51
	1.73
	13.21
	W

	Tau Ceti
	4.22
	3.50
	0.72
	5.69
	U

	Antares
	2.96
	1.09
	1.87
	-5.06
	V

	Regulus
	1.24
	1.40
	-0.16
	-0.53
	P



Which of these 9 stars gives off the most total light?  [1 point]   
X
Which one gives off the least total light?  [1 point]   
Q
Which one is the hottest?  [1 point]   
P
Which one is the coolest?  [1 point]   
V

Compare the “P through X” page with the complete H-R diagram on the following page of the PDF.  Out of these nine stars… [3 points]
P…name one that is a main sequence star.   
T…name one that is a giant or supergiant.   
S…name one that is a white dwarf.      

Part 3: Star Clusters (6 points)   
Here are some H-R diagrams for three different star clusters.  In all four diagrams, each star’s x-value is its B-V color index, and each star’s y-value is its absolute magnitude in the V filter.
[image: ] [image: ]
[image: ] [image: ]
[image: ] [image: ]
[image: ] [image: ]
Which of these four star clusters is the youngest, and which is the oldest?  [2 points]   
M11 is the youngest and coma star cluster is the oldest
Explain what information in these diagrams tells us the answer to the previous question.  [1 point]   
The combined light of numerous stars in M11 increases its illumination thus brightness. Pulsations is strongest in youngest star and lowest in the oldest star.
Which stars in the Coma Star Cluster are in the process of dying?  Describe where they are in the diagram – for example, “the ones in the lower left,” or “the ones with an absolute magnitude around 6.”  [1 point]   
The one at the center
Why don’t we see many blue stars in the cluster M67?  [1 point]   
Most of the stars in M67 are rich in chemical elements other than hydrogen and helium

The H-R diagram for the cluster M11 doesn’t have a lot of dim red stars, but that doesn’t necessarily mean M11 doesn’t have any dim red stars.  Think about everything that went into putting a diagram like this together.  Why might those stars be absent in this diagram?  [1 point]   

M11 has the youngest star and therefore has not reached at burning lifetime stage. The dim star at M11 might result from evolution or reflection of light from other stars.
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