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NAME: DATE:

The Color Index of Stars

In this experiment, you will the CLEA software to simulate the measurement of stellar light intensity. You
will learn how stellar magnitudes are obtained, and how the use of 2 different light filters can lead to a
determination of the spectral classification of Stars.

– Pleiades Star Cluster –
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1. Introduction

The CLEA computer program you will use is a realistic simulation of a photometer attached to a moderate
sized research telescope. The telescope is controlled by a computer that allows you to move from star to
star and make measurements. Different filters can be selected for each observation, and the integration time
(the length of time the photometer samples the starlight) is adjustable. The computer also does much of
the busy work needed to convert photon counts into apparent magnitude and provides an estimate of the
quality of the collected data.

You will use this instrument to collect data on 16 stars in the region of the Pleiades star cluster. The
apparent magnitudes will be measured for each star, in each of two colors, blue, using a B filter, and green,
using a V filter. In general, for any given star, the B and V magnitudes will not be the same, as shown in
Figure 1. The difference between the two values, B − V , is known as the color index of a star. Different
values of the color index are known to correspond to different types of stars. The reference Table 2 lists the
spectral class of stars that correspond to the different values of the color index B − V .

From your B and V measurements of stars in the Pleiades cluster, you will plot a Hertzsprung-Russell
(H-R) diagram of the apparent magnitudes V as a function of their color index, B−V . You will then compare
your HR diagram of apparent magnitudes V to a standard HR diagram of absolute stellar magnitudes M ,
Fig. 5. From this comparison you will determine the average difference between the apparent and absolute
magnitudes V −M . This difference can then be used to determine the average distance D to the Pleiades
star cluster. We will assume all of these stars are approximately the same distance away, because all of the
stars are members of the same cluster.

Figure 1: Spectra of Hot and Cold stars and B-V filters.
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1.1. Pleaides Star Cluster

In astronomy, the Pleiades, or Seven Sisters (Messier object 45), is an open star cluster containing
middle-aged hot B-type stars located in the constellation of Taurus. It is among the nearest star clusters to
Earth and is the cluster most obvious to the naked eye in the night sky. Pleiades has several meanings in
different cultures and traditions.

The cluster is dominated by hot blue and extremely luminous stars that have formed within the last 100
million years. Dust that forms a faint reflection nebulosity around the brightest stars was thought at first to
be left over from the formation of the cluster (hence the alternate name Maia Nebula after the star Maia),
but is now known to be an unrelated dust cloud in the interstellar medium that the stars are currently
passing through. Astronomers estimate that the cluster will survive for about another 250 million years,
after which it will disperse due to gravitational interactions with its galactic neighborhood.

The Pleiades are a prominent sight in winter in the Northern Hemisphere and in summer in the Southern
Hemisphere, and have been known since antiquity to cultures all around the world.

2. INITIAL SETUP PROCEDURE

1. In the Vireo window, Select File and then login using your initials and click OK.

2. Select File→Run Exercise→Photoelectric Photometry of the Pleiades.

3. Choose Telescopes→Optical→Access 0.4 Meter and when you are given control of the telescope
press OK.

4. Click on Open to open the dome.

5. Under Telescope Control Panel click Off to turn it on.

You should now see a window like that in Fig. 2. This is the optical telescope control panel. We will use
this window to position the telescope to observe the light from many stars.

1. Push the Tracking button so that the telescope compensates for the rotation of the Earth. With this,
you can hold the telescope steady on any object in time.

2. Zoom in by moving the View bar from Finder to Telescope.

3. Click on Access to open up the Photometer Control window (see Fig. 3).

3. BACKGROUND CALIBRATION READINGS

1. In the Photometer Control Window, make sure the Reading bar is on Sky.

2. Use the settings ...
Filter=V
Integration Seconds=10
# of Integrations=3

3. Click Start to start recording the background light intensity with the V filter.

4. Change to the B Filter and push Start again to record the background with the B filter.

5. You only need to do this background sky calibration once, i.e. you don’t have to redo it for each star
you examine.

4. STAR READINGS

1. To go to the region of the first star, in the Telescope Control Panel window click Slew→Observation
Hot List→View/Select from List. When the list of stars opens in a new window, double click on
Star # 1, then OK and YES to slew to that object.

2. Go back to the Photometer Control window, Fig. 3. First write the Object Name of this star in the
Object column in Table 1. Next choose the B filter, set the Reading bar to Object, and push Start
to take a reading. Record in Table 1 the B Magnitude value listed. When done, save the data by
clicking File→Data→Record/Review.
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Figure 2: Optical Telescope Control Panel.

Figure 3: Vireo Photometer Control window.

3. Repeat step 3 using the V filter. Be sure to record in Table 1 the V Magnitude value listed. When
done, save the data by clicking File→Data →Record/Review.

4. Calculate and record from your B and V values in Table 1 the color index of the star, B − V .

5. Repeat steps 3 and 4 for all 24 stars in Table 1.
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5. DATA ANALYSIS

The light intensity values that you have recorded for each star can be used to determine many different
stellar properties. The difference between the two values, B − V , is known as the color index of a star.
Different values of the color index are known to correspond to different types of Main Sequence stars. By
using a reference table of Main Sequence stars like that shown in Table 2, one can use only the measured
value of the color index (B−V ) to determine the star’s spectral type, temperature, absolute magnitude and
luminosity!

For your analysis, you will determine the distance D to the Pleiades star cluster you examined.
We will assume all of these stars in the cluster are approximately the same distance away, since all of the
stars are members of the same cluster. From your B and V measurements of stars in the Pleiades cluster,
you will plot a Hertzsprung-Russell (H-R) diagram of the apparent magnitudes V as a function of their
color index, B − V . You will then compare your HR diagram of apparent magnitudes V to a standard HR
diagram of absolute stellar magnitudes M , Fig. 5. By comparing the two graphs, you will determine the
average difference between the apparent and absolute magnitudes V −M . This difference can then be used
to determine the average distance D to the Pleiades star cluster. To do this you will do the following...

1. Plot, using the graph sheet in Fig. 4, a Hertzsprung-Russell (H-R) diagram displaying the apparent
magnitude V of each of your stars as a function of their color index B − V .

2. Compare your HR star plot to the standard HR diagram Fig. 5. You can do this by overlaying one
plot over the other and shifting them up and down until you get the best overlap of your graph with
the reference HR diagram. You’re not looking to get a perfect overlap, there will be outliers, just the
best overall overlap.

3. Once you have the best overlap, examine the two vertical axes and determine by how much your graph
numbers are shifted with respect to the reference numbers. This shift is a measure of the average
difference between the apparent magnitudes V of your stars and the reference absolute magnitudes
M . Write down the shift between the two vertical axes.

Difference, V −M =

4. From the difference you measured, V −M , you can estimate the distance D to the star cluster from
the distance equation,

D = 10× 10(V−M)/5 parsecs (pc) (1)

Use this equation to find the distance D,

D = pc

5. Now write D in light years (ly) by multiplying your D value by 3.26.

D = ly
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6. QUESTIONS

1. The stars that you are examining belong to a local star cluster. In your observations however, you
may have recorded data for some stars that lie far outside the cluster. Which stars seem to lie outside
the Pleiades cluster?

2. Using your values for B − V , and the reference Table 2, which of your stars is the hottest, which is
the coldest?

3. How is it possible that you measured stars with such similar RA’s and declinations yet are so far
apart?

4. In 1918 the distance to the cluster was estimated to be 410 light years from Earth. Calculate the
percent error of your value D from this value.

% error= (D−410)
410 =
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Table 1: Pleiades Star Cluster

Star Object R.A. Declin. B V B - V

1 N2230-01442 3:41:18.00 23o 58’ 00.0”

2 3:42:55.09 24o 29’ 35.7”

3 3:44:06.55 24o 20’ 11.8”

4 3:45:06.53 24o 15’ 49.5”

5 3:45:12.51 24o 28’ 01.9”

6 3:45:40.16 24o 37’ 38.8”

7 3:45:42.44 25o 03’ 26.2”

8 3:45:43.24 24o 16’ 12.7”

9 3:45:48.42 24o 52’ 42.6”

10 3:46:27.26 24o 15’ 18.1”

11 3:46:27.77 23o 35’ 34.6”

12 3:46:34.18 23o 37’ 27.2”

13 3:46:50.51 23o 14’ 21.8”

14 3:46:59.35 24o 31’ 12.2”

15 3:47:01.43 24o 22’ 23.7”

16 3:47:29.07 24o 06’ 18.5”

17 3:47:36.89 23o 36’ 33.9”

18 3:47:50.79 24o 40’ 44.9”

19 3:48:13.41 25o 05’ 55.7”

20 3:48:20.78 23o 25’ 16.1”

21 3:48:30.06 24o 20’ 44.3”

22 3:49:07.51 24o 00’ 40.0”

23 3:49:25.14 23o 47’ 42.0”

24 3:49:55.56 24o 20’ 56.5”
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Table 2: Spectral Characteristics - Main Sequence Stars

Color Index Spectral Temperature Absolute Luminosity
B - V Class (oK) Magnitude (Sun=1)

-0.32 O5 T = 54, 000 M = −4.5 L = 200, 000

-0.32 O6 45,000 -4.0 140,000

-0.32 O7 43,300 -3.9 120,000

-0.31 O8 40,600 -3.8 80,000

-0.30 O9 37,800 -3.6 55,000

-0.30 B0 29,200 -3.3 24,000

-0.26 B1 23,000 -2.3 5550

-0.24 B2 21,000 -1.9 3190

-0.20 B3 17,600 -1.1 1060

-0.18 B4 16,400 -0.8 750

-0.16 B5 15,200 -0.4 380

-0.14 B6 14,300 0.0 240

-0.12 B7 13,500 0.3 140

-0.09 B8 12,300 0.7 73

-0.06 B9 11,400 1.1 42

0.00 A0 9600 1.5 24

0.03 A1 9330 1.7 20

0.06 A2 9040 1.8 17

0.09 A3 8750 2.0 14

0.11 A4 8480 2.1 12

0.14 A5 8310 2.2 11

0.16 A6 8150 2.3 10

0.19 A7 7920 2.4 8.8

0.23 A8 7650 2.7 7.0

0.33 F0 7350 3.0 5.1

0.34 F1 7200 3.1 4.5

0.36 F2 7050 3.3 3.8

0.38 F3 6850 3.5 3.2

0.40 F4 6780 3.1 3.0

0.43 F5 6700 3.7 2.7

0.47 F6 6550 4.0 2.0

0.51 F7 6400 4.3 1.5

0.53 F8 6300 4.4 1.4

0.56 F9 6200 4.5 1.3
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Table 2: Spectral Characteristics - Main Stars (cont.)

Color Index Spectral Temperature Absolute Luminosity

B - V Class (oK) Magnitude (Sun=1)

0.59 G0 T = 6050 M = 4.7 L = 1.2

0.61 G1 5930 4.9 1.1

0.63 **G2** 5800 5.0 1.0

0.64 G3 5750 5.0 0.90

0.65 G4 5700 5.1 0.81

0.66 G5 5660 5.2 0.73

0.69 G6 5580 5.3 0.63

0.71 G7 5510 5.4 0.57

0.71 G8 5440 5.6 0.51

0.82 K0 5240 6.0 0.38

0.88 K1 5110 6.2 0.32

0.92 K2 4960 6.4 0.29

0.99 K3 4800 6.7 0.24

1.06 K4 4600 7.1 0.18

1.15 K5 4400 7.4 0.15

1.22 K6 4220 7.7 0.13

1.30 K7 4000 8.1 0.11

1.41 M0 3750 8.7 0.080

1.48 M1 3700 9.4 0.055

1.52 M2 3600 10.1 0.035

1.55 M3 3500 10.7 0.027

1.56 M4 3400 11.2 0.022

1.61 M5 3200 12.3 0.011

1.72 M6 3100 13.4 0.005

1.84 M7 2900 13.9 0.003

2.00 M8 2700 14.4 0.002

119



ASTR116 Lab #10: The Color Index of Stars Oxford College

.

END LAB #10

- - - - - - - The Color Index of Stars - - - - - - -
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