LAB 6:  USING THE H-R DIAGRAM TO DETERMINE PROPERTIES OF STARS
REQUIRED MATERIALS:  You will need to bring THIS HANDOUT, STANDARD GRAPH PAPER, CALCULATOR, AND AT LEAST 4 COLORS OF PENCILS OR PENS.

ANSWER ALL PRE-LAB WARMUPS BEFORE COMING TO LAB.  You will begin lab with a short quiz on these questions.

This exercise will continue with the techniques used by astronomers to determine the fundamental properties of stars. In this exercise we will use these techniques to study the characteristics of an open star cluster. The technique we will use to determine these properties is to plot a diagram of the intrinsic brightness of a number stars versus their spectral type. This type of plot is called a Hertzsprung-Russell diagram (or H-R diagram). 

If we use stars in the same cluster, we are using stars at essentially the same distance from us. A comparison of the apparent magnitude is thus a comparison of their intrinsic brightness, or luminosities. We can plot the apparent magnitudes of the stars versus their temperature. The temperature is related to a quantity called the color index of the star .The color index is (B -V), where B and V are the stars magnitudes in the Visual and Blue wavelength regions. Thus a high B magnitude compared to the star’s V magnitude means that an object is giving off very LITTLE blue light compared to the total amount of light it is giving off (recall that magnitudes are a “backwards” scale).  If this is the case, the (B-V) index is a POSITIVE number, and it indicates a relatively cool star.  On the other hand, if the B magnitude is a small number compared the V magnitude, the star is putting out a high percentage of blue light and is thus relatively hot.  The reference point for (B-V) is the star Vega, which has a color index (B-V) of zero and an effective temperature of 10,000 degrees Kelvin [The Kelvin temperature scale is like the Celsius scale, but offset by 273.  Thus something that is 273 Kelvins is 0 degrees Celsius.]  
PRE-LAB WARMUP QUESTION:  A star gives out more blue light than yellow.  Thus its B-V is (positive, negative, zero).  The most likely spectral type for this star is (B, K, M).  

When one constructs an HR Diagram from the apparent V magnitude versus the B-V color index of a cluster of stars, one finds that the general shape of the main sequence is preserved.  Stars in a cluster form approximately the same time and all lie essentially the same distance away.  But since you are working with APPARENT visual magnitudes, rather than absolute, a comparison of this HR Diagram with the Standard Main Sequence diagram, whose values are given in Table 5a, indicate a shift for the cluster.  THE AMOUNT OF THIS SHIFT GIVES US INFORMATION ABOUT THE DISTANCE TO THE CLUSTER 

PRE-LAB WARMUP QUESTION:  Why do we use many stars in a cluster, rather than just a single star? 

Plotting the HR Diagram for a Cluster

Data for 25 of the stars in the open cluster Pleiades are given in Table 5b.  V and B magnitudes are apparent, but since all of the stars are at approximately the same distance, the difference in apparent magnitude from star to star reflects the true variations in the stellar brightness.  In other words, a star that appears brighter than another in the Pleiades really is brighter than its sibling.  This is not true for stars in the ‘field,’ which are almost always unrelated to each other.  
Remember that in the system of magnitudes for measuring brightness, negative numbers and small positive numbers represent bright stars while large positive numbers represent faint stars. 

PRE-LAB WARMUP QUESTION:  The Hubble Space Telescope can detect objects as faint as m = +30 or so.  The Andromeda Galaxy is some 860,000 pc away.  Can the HST use this method to determine the distance to another galaxy?  Even if distance were NOT a factor, what other problems would you encounter (think of the special properties that clusters exhibit that make them good to work with)?
PROCEDURE

1)  Fill in column 3 of Table 5b with the correct B-V values. (It really is as simple as subtracting the V number from the B number, hence “B minus V”).

2)  Create an H-R diagram on a piece of graph paper (or more accurately a color-magnitude diagram, or CMD) where the vertical axis is V, with increasing luminosity (decreasing V magnitude) going up. The horizontal axis is then B-V.  You have to determine the appropriate scale and direction of the horizontal axis so that temperature decreases as you go to the right.  Place your data from Table 5b on your diagram.

3) Plot the stars listed in Table 5a on the same H-R diagram indicating these stars with an X instead of a circle. M represents a star’s ABSOLUTE MAGNITUDE.  These are the “Standard Main Sequence” stars.

4)  Determine the magnitude shift (V – M) for the Pleiades based on the average vertical distance between the Pleiades main sequence and the standard main sequence.

5)  The farther an object is away from us, the larger the apparent magnitude will be compared to its absolute magnitude.  Absolute magnitudes (M) are what apparent magnitudes WOULD be if all stars were placed 10 pc from earth.  Based ONLY on this information, would you expect the Pleiades to be closer than 10 pc to earth?  Why or why not?

6)  The actual distance to the cluster can be determined in a fairly straightforward manner by the following relationship: 
(V – M) = 5 log (d/10pc)

This equation can be rearranged to read:

d (pc) = 10 x 10 (V-M)/5
Thus if you find that V-M = 5, (V-M)/5 = 1.  10 to the 1st power is 10.  Multiply this by the initial 10 and you find that d = 100 pc.  NOW FIND THE DISTANCE TO THE PLEIADES in parsecs.  Find the accepted value for d somewhere, either on the internet or in your textbook and compare your results.  Comment on any possible discrepancies.

7)  Determine how many of the 25 brightest Pleiades stars are apparently HOTTER than 10,000 degrees C.  What is the approximate absolute magnitude (M) of a 10,000 degree star (look at the standard main sequence)?
8)  NOW return to Table 3 from Lab 2.  To illustrate the importance of using a star CLUSTER, rather than field stars, to create a main sequence, you will plot apparent visual magnitude V against B-V on a new sheet of graph paper.  Do you see a distinct main sequence?  Why or why not?

9)  The last two columns in Lab 2, Table 3 are (B-V) and Absolute Magnitude Mv.  Place these stars in a different color or with a different symbol on the first graph AND INDICATE THE SPECTRAL TYPE AND LUMINOSITY CLASS along the x-axis.  What pattern do you notice between spectral type and (B-V)?  What would you expect the B-V for a K-type Bright Giant to be?  What would you expect the Mv for a K-type Bright Giant to be?  How does the pattern traced by these stars compare to the Standard Main Sequence?
Table 5a:  Standard Main Sequence

	M
	B-V

	-4.0
	-0.28

	-3.0
	-0.25

	-2.0
	-0.21

	-1.0
	-0.17

	0.0
	-0.12

	1.0
	-0.05

	2.0
	0.08

	3.0
	0.30

	4.0
	0.46

	5.0
	0.62

	6.0
	0.80

	7.0
	1.03


Table 5b:  V and B Values for the Pleiades

	V
	B
	 (B-V)  

	2.87
	2.78
	

	3.64
	3.56
	

	3.71
	3.60
	

	3.88
	3.81
	

	4.18
	4.12
	

	4.31
	4.20
	

	5.09
	5.01
	

	5.45
	5.38
	

	5.76
	5.72
	

	6.29
	6.31
	

	6.82
	6.84
	

	6.99
	7.02
	

	7.35
	7.45
	

	7.66
	7.87
	

	7.85
	8.05
	

	8.12
	8.34
	

	8.27
	8.63
	

	8.37
	8.67
	

	8.69
	9.15
	

	9.25
	9.80
	

	9.45
	9.97
	

	9.88
	10.42
	

	10.13
	10.75
	

	10.48
	11.12
	

	10.83
	11.63
	


