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The H-R Diagram

Discussion

The objectives of this lab are to familiarize the student with spectral type, luminosity, absolute magnitude, apparent magnitude and luminosity classes.  Further, we will see how knowledge obtained from the H-R diagram may be exploited in understanding how our sun compares to other stars in the galaxy.

Around 1911-1913, the Danish astronomer Ejnar Hertzsprung and America's premier astronomer Henry Norris Russell compared the luminosities of various stars with their spectral types.  The spectral type of a star is determined by the arrangement of lines in its absorption spectrum.  Hertzsprung and Russell saw that varying arrangements of these absorption lines correspond to varying temperatures (or color).  The spectral classifications are summed up in Table 1.  Study this carefully.

Table 1

	Sample Star(s)
	Spectral Type
	Color of Star
	Temperature (K)

	10 Lacerate
	O
	Blue 
	>25,000

	Rigel/Spica
	B
	Blue
	11,000 - 25,000

	Sirius/Vega
	A
	Blue
	7,500 - 11,000

	Canopus/Procyon 
	F
	Blue to White
	6,000 - 7,500

	Sun/Capella
	G
	White to Yellow
	5,000 - 6,000

	Arcturus/Aldebaran
	K
	Orange to Red
	3,500 - 5000

	Betelguese/Antares
	M
	Red
	<3,500



O-Type stars are relatively rare and will not be considered further.

IMPORTANT:

Spectral Types are further divided into subgroups denoted by the numerals 0 (hottest) through 9 (coolest).  Thus, we may have, depending on more accurate values of its known surface temperature, a G type star denoted G0 or G1... or G9.  The sun is a G2 star.  So a G0 star would be hotter than the sun and more like an F star while a G9 star would be cooler than the sun and more like a K star.  Think of spectral types as whole numbers and the 0-9 as the tenths.
A quantity directly related to luminosity is magnitude, luminosity being the rate at which a star radiates electromagnetic energy into space (i.e., brightness).  The APPARENT magnitude, denoted 
[image: image1.wmf]m

v

, corresponds to the brightness of a star as viewed from Earth.  The ABSOLUTE magnitude of a star, denoted 
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 is the APPARENT magnitude a star would have if it were 10 parsecs from Earth.  (There are 3.26 light-years in a parsec.)

When we plot the absolute magnitude vs. spectral type for various stars we generate a graph called the Hertzsprung-Russell (H-R) diagram.  Once again, 
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 vs. spectral type can be thought of as a comparison of absolute brightness to temperature.

It is found that most stars lie on or near a certain curve.  This is the main sequence curve.  Stars that lie on or near this curve are referred to as main sequence dwarfs.  All main sequence dwarfs “burn” (via thermonuclear fusion reactions) hydrogen in their cores.

It is important to remember that the star's position on the graph has NO RELATION to its position in the heavens.  We are plotting the two stellar properties LUMINOSITY and SURFACE TEMPERATURE and a myriad of information is to be obtained by pursuing these relationships.

The LUMINOSITY CLASS of a star is a classification of a star according to its luminosity for a given spectral type.  Luminosity classes are denoted Ia, Ib, II, III, IV, V.  These are assigned according to Table 2.  It is implicit in Table 2 that not all stars are on the main sequence.  This will be explored further in this exercise.

Table 2

	Luminosity Class
	Type of Star

	Ia
	Super Giants

	Ib
	Super Giants

	II
	Bright Giants

	III
	Giants

	IV
	Sub-Giants

	V
	Dwarfs(main sequence stars)


Main Sequence Stars

1. We will first generate the main sequence curve.  Plot the stars in Table 3 onto Figure 1. (Just put dots—you do not have to write the names by the dots.)

2. Sketch a SMOOTH curve through them.  (DO NOT PLAY CONNECT-THE-DOTS!)  Note that these stars are luminosity class V (dwarfs), the main sequence stars.

Giant Stars

3. Now add the stars of Table 4 to the plot just made and circle them.

4. Why don't these stars (Table 4) lie on the main sequence?

Compare a Giant to a Dwarf Star

5. Compare Capella to our sun. (You may want to review the PPT presentation to help here. These numbers should be pretty simple to work with—no calculator required.)

a. What is the difference in the magnitudes?

b. How many times brighter is Capella than the sun?  Refer to Table 5 for values of Ratio of Brightness.

c. Capella and the sun are both type G2. How do their temperatures compare?

d. Which star has the larger surface area? Explain how you know.
e. How many times larger is the surface area of the larger star? Explain.

f. How many times larger is the radius of the larger star? Explain.

Brightest Stars

6. Sketch the main sequence curve (not the points) from Figure 1 onto Figure 2.

7. In Figure 2, plot all the stars from Table 6 (Mv on the vertical scale and Spectral Type on the horizontal scale).  Note that Table 6 is a list of the brightest stars in the night sky.  
8. From this figure, what is the most common kind of bright star? (hot/cool) Circle the better answer.

9. Estimate the average Absolute magnitude of these stars (By looking at the graph).

10. Thus when you observe a bright star in the night sky, you are probably looking at:


(A or B), (F or G), (K or M) type star.  Circle the best answer.
Nearest Stars

We will now look at a group of nearby stars. The limiting Apparent magnitude for the human eye is +6.0.  A star of apparent magnitude +7 or more simply cannot be detected by the naked eye. If these stars were a lot farther away, we would not be able to see them.

11. Sketch the main sequence curve from Figure 1 onto Figure 3.

12. Now plot all the stars from Table 7 onto Figure 3 (again, Mv on the vertical scale and Spectral Type on the horizontal).  Table 7 is a list of the 30 stars nearest the sun and the majority of these stars are considered to be the most common types of stars in the galaxy.  
13. What is the most common kind of star near the sun? 

(A or B), (F or G), (K or M).  Circle the best answer.
(Side note: we can guess that the majority of all stars are probably in these groups. Because we see so many of these stars nearby, we speculate that there must also be lots of them far away, but we just can’t see them so easily because they are dim!)
14. Estimate the average Absolute magnitude of these stars (again, by looking at the graph).
Assortment of Stars

Individually, use Stellarium to make a list in table 8 of 50 – 60 stars that would have been visible tonight if it had been clear (your table should not be the same as anyone else’s).  Complete table 8 with the absolute magnitude and spectral type given by Stellarium, then plot these on figure 4.  What pattern(s) do you see in your H-R diagram?  Would the pattern change if you selected more stars?  Why/why not?  

15. Table 3:  Main Sequence Stars
	Star
	Type
	Mv

	Sun
	G2V
	+5.0

	SYMBOL 115 \f "Symbol" Per A
	B0V
	-3.7

	SYMBOL 103 \f "Symbol" Cet
	A2V
	+2.0

	SYMBOL 97 \f "Symbol" Hyd
	F0V
	+2.9

	Kruger 60B
	M6V
	+13.2

	Procyon A
	F5V
	+2.7

	61 Cyg A
	K5V
	+7.5

	SYMBOL 116 \f "Symbol" Cet
	G8V
	+5.7

	SYMBOL 97 \f "Symbol" Gru
	B5V
	+0.3

	Kapteyn's Star
	M0V
	+10.8


Table 4: Giant Stars

	Star
	Type
	Mv

	Arcturus
	K2
	-0.3

	Capella
	G2
	+0.0

	Aldebaran
	K5
	-0.7

	Pollux
	K0
	+1.0


Table 5

	Difference in

Magnitude
	Ratio of

Brightness

	0
	1

	1
	2.51

	2
	6.3

	3
	16.0

	4
	40

	5
	100

	6
	250

	7
	628

	8
	1575

	9
	3954

	10
	9925


Table 6:  The Brightest Stars

	Star
	mv
	Mv
	Spectral Type

	Sirius
	-1.4
	1.5
	A1

	Canopus
	 -0.7
	-4.0
	F0

	Rigel Kentaurus
	-0.3
	4.4
	G2

	Arcturus
	-0.1
	-0.3
	K2

	Vega
	0.0
	0.5
	A0

	Capella
	0.1
	0.0
	G2

	Rigel
	0.1
	-7.1
	B8

	Procyon
	0.4
	2.7
	F5

	Betelguese
	0.4
	-5.6
	M2

	Achernar
	0.5
	-3.0
	B5

	Hadar
	0.6
	-3.0
	B1

	Altair
	0.8
	2.3
	A7

	Acrux
	0.8
	-3.9
	B1

	Aldebaran
	0.9
	-0.7
	K5

	Antares
	0.9
	-3.0
	M1

	Spica
	0.9
	-2.0
	B1

	Pollux
	1.2
	1.0
	K0

	Fomalhaut
	1.2
	2.0
	A3

	Deneb
	1.3
	-7.1
	A2

	Beta Crucis
	1.3
	-4.6
	B0

	Regulus
	1.4
	-0.6
	B7

	Adhara
	1.5
	-5.1
	B2

	Castor
	1.6
	0.9
	A1

	Shaula
	1.6
	-3.3
	B1

	Bellatrix
	1.6
	-2.0
	B2

	Elnath
	1.7
	-3.2
	B7

	Miaplacidus
	1.7
	-0.4
	A0

	Almilam
	1.7
	-6.8
	B0



Table 7:  The Nearest Stars

	Star 
	mv
	Mv
	Spectral Type 

	Sun
	-26.8
	5.0
	G2

	Proxima Centauri
	11.0
	15.4
	M5

	Alpha Centauri A
	0.0
	4.4
	G2

	Alpha Centauri B
	1.3
	5.7
	K5

	Barnard's Star
	9.5
	13.5
	M5

	Wolf 359
	13.5
	16.7
	M6

	Lalande 21185
	7.5
	10.5
	M2

	Sirius A
	-1.5
	1.4
	A1

	Luyten 726-8A
	12.5
	15.3
	M6

	Luyten 726-8B
	13.0
	15.8
	M6

	Ross 154
	10.6
	13.3
	M5

	Ross 248
	12.3
	14.8
	M6

	Epsilon Eridani
	3.7
	6.1
	K2

	Luyten 789-6
	12.2
	14.6
	 M6

	Ross 128
	11.1
	13.5
	M5

	61 Cygni  A
	5.2
	7.6
	K5

	61 Cygni  B
	6.0
	8.4
	K7

	Epsilon Indi
	4.7
	7.0
	K5

	Procyon A
	0.4
	2.6
	F5

	Cincinnati 2456A
	8.9
	11.2
	M4

	Cincinnati 2456B
	9.7
	11.9
	M4

	Groombridge 34A
	8.1
	10.3
	M1

	Groombridge 34B
	11.0
	13.3
	M6

	Lacaille 9352
	7.4
	9.6
	M2

	Tau Ceti
	3.5
	5.7
	G8

	Luyten's Star
	9.8
	12.0
	M4

	L725-32
	11.5
	13.6
	M5

	Lacaille 8760
	6.7
	8.8
	M1

	Kapteyn's Star
	8.8
	10.8
	M0

	Kruger 60A
	9.9
	11.9
	M4

	Kruger 60B
	11.3
	13.3
	M6


Table 8:  Stars from Stellarium
	Star
	M
	Spectral Type
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Figure 1
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HR Diagram using Tables 3 and 4 (Main-sequence and giant stars)


Figure 2

HR Diagram of the brightest stars.

Figure 3

HR Diagram of the nearest stars.


Figure 4
HR Diagram of stars from Stellarium.
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