ESC 115 Lab 7, Techniques of Stellar Astronomy
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Techniques of Stellar Astronomy: Stellar Spectra and B – V Photometry of the Pleiades
Student Manual, ESC 115, Lab 7, Mercer University
Adapted from CLEA Project Student Manual and written for use in ESC 115, Fall, 2001, Mercer University, by R. S. Armour, Jr.
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Software Developed by

The CLEA Project

Department of Physics

Gettysburg College

Gettysburg, PA 17325

Telephone: (717) 337-6028

email: clea@gettysburg.edu
Introduction: The History and Technique of Stellar Classification
Patterns of absorption lines were first observed in the spectrum of the sun by the German physicist Joseph von Fraunhofer early in the 1800’s, but it was not until late in that century that astronomers were able to routinely examine the spectra of stars in large numbers. Astronomers Angelo Secchi and E.C. Pickering were among the first to note that stellar spectra could be divided into groups by their general appearance. In the various classification schemes they proposed, stars were grouped together by the prominence of certain spectral lines. In Secchi’s scheme, for instance, stars with very strong hydrogen lines were called type I, stars with strong lines from metallic ions like iron and calcium were called type II, stars with wide bands of absorption that got darker toward the blue were called type III, and so on. Building upon this early work, astronomers at the Harvard Observatory refined the spectral types and renamed them with letters, A, B, C, etc. They also embarked on a massive project to classify spectra, resulting in the Henry Draper Catalog (named after the benefactor who financed the study), which was published between 1918 and 1924 and provided classifications of 225,300 stars. Even this study, however, represents only a tiny fraction of the stars in the sky.
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In the course of the Harvard classification study, some of the old spectral types were consolidated together, and the types were re-arranged to reflect a steady change in the strengths of representative spectral lines. The order of the spectral classes became O, B, A, F, G, K, and M, and though the letter designations have no meaning other than that imposed on them by history, the names have stuck to this day. Each spectral class is divided into tenths, so that a B0 star follows an O9, and an A0, a B9. In this scheme the sun is a type G2.

The early spectral classification system was based on the appearance of the spectra, but the physical reason for these differences in spectra were not understood until the 1930’s and 1940’s. Then it was realized that, while there were some chemical differences among stars, the main factor determining a star’s spectral type was its surface temperature. Stars with strong lines of ionized helium (HeII), which were called O stars in the Harvard system, were the hottest, around 40,000 K, because only at high temperatures would these ions be present in the star’s atmosphere in large enough numbers to produce absorption. The M stars, with dark absorption bands which were produced by molecules, were the coolest, around 3000 K, since molecules are broken apart (dissociated) at high temperatures. Stars with strong hydrogen lines, the A stars, had intermediate temperatures (around 10,000 K). The decimal divisions of spectral types followed the same pattern. Thus a B5 star is cooler than a B0 star but hotter than a B9 star.  When a star’s spectral class is plotted versus its Absolute Magnitude (or luminosity), the resulting graph is called an H-R diagram. (See Figure 1.)

The spectral classification system used today is a refinement called the MK system, introduced in the 1940’s and 1950’s by W. W. Morgan and P.C. Keenan at Yerkes Observatory to take account of the fact that stars at the same temperature can have different sizes. A star a hundred times larger than the sun, for instance, but with the same surface temperature, will show subtle differences in its spectrum, and will have a much higher luminosity. The MK system adds a Roman numeral to the end of the spectral type to indicate the so-called luminosity class: I indicates a supergiant, III a giant star, and V a main sequence star. Our sun, a typical main-sequence star, would be designated as a G2V star, for instance. In this exercise, we will be confining ourselves to the classification of main sequence stars, but the software allows you to examine spectra of varying luminosity class, too, if you are curious.
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Figure 2: Representative spectra of three of the principal MK classifications of stars. In each case, the top row is a typical photographed line-spectra and the bottom row is the "intensity trace” of this spectra, a graph of intensity versus wavelength more commonly used today. The spectra are ordered from hot to cold, top to bottom. That is, an A1V star is hotter than an F0V star which is hotter than a K5V star. The “V” at the end of each designation refers to luminosity, signifying a star on the “main sequence”.
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The spectral type of a star is so fundamental that an astronomer beginning the study of any star will first try to find out its spectral type. If it hasn’t already been catalogued, or if there is doubt about its classification, then classification is generally done by observing the star’s spectrum and comparing it with an atlas of well-studied spectra of bright stars. Until recently, spectra were classified by taking photographs of a srar’s line spectra, but modern spectrographs produce digital traces of intensity versus wavelength which are often more convenient to study. Figure 2 shows some sample digital spectra from the principal MK spectral types placed below their traditional spectral-line photographs. The range of wavelength is 3900 Å to 4500 Å (x axis). The intensity of each spectrum (y axis) is normalized, i.e., it has been multiplied by a constant so that the trace spectrum fits into the picture with a value of 1.0 at maximum intensity, and 0 for no light at all.

The spectral type of a star allows an astronomer to know not only its temperature but also its color and its luminosity (often expressed as the star’s absolute magnitude). These properties, in turn, can help in determining the star’s distance from Earth, its mass, and many other of its physical quantities. Thus, knowledge of spectral classification is fundamental to understanding how we describe the nature and evolution of stars.

As an alternative to studying a star’s spectral lines to determine its classification, a second, and in some ways simpler, method of determining its spectral class is by use of the Planck radiation function of a radiating object. Consider the three radiation curves in Figure 3 below, representing the wavelength and intensity of light emitted by three stars of different temperatures. Note that the hotter the star, the more of its light is radiated in the blue portion of the spectrum. Thus, if we subtract the intensity of light emitted in the yellow region V (the center of the visible spectrum) from the intensity in the blue region B, we get a different value of B – V for each star. This fact allows us to find a star’s temperature, and thus its spectral class, by simply applying a blue filter to its image (leaving blue light), applying a yellow filter to its image (leaving yellow light), and measuring the difference in light intensity. This process is referred to as photometry.
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Figure 3: Representative radiation curves of three stars of different temperature. The hottest star radiates primarily in blue light, while the coolest star radiates proportionately more in red. The difference in their radiation curves allow the temperature of each star to be found by subtracting its radiant intensity in yellow (visual) light V from its intensity in blue light B. (Wavelength is shown in Å.)
We will use these two techniques, comparison of spectral lines, and B – V filtering (spectroscopy and photometry), to determine the spectral class of stars in Pleiades star cluster. Once we have determined their spectral class, we will employ a final technique, spectroscopic parallax, to determine the distance to the Pleiades. Spectroscopic parallax compares the apparent magnitude of a star (its apparent brightness as seen from Earth) with its absolute magnitude (its intrinsic brightness), found by knowing its spectral class, to obtain a measure of the star’s distance from Earth.  

Introduction to the Exercise

This exercise employs two CLEA computer programs, Stellar Spectra and Pleiades Photometry. Both programs are simulations of research telescopes with TV cameras attached showing their fields of view. In the first program, we will use the 0.4 meter (16 inch) telescope, pictured below (with the computer screens of its control room), to obtain spectra from stars in the Pleiades star cluster. Then, using tools in the program, we will compare the spectra we obtain with the spectra of standard MK classification stars to determine the spectral type of stars in the Pleiades.
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Figure 4: The Gettysburg College Observatory 16-inch f/11 Ealing Cassegrain reflecting telescope, computer controlled from monitors in an adjacent warm room. The telescope drive and observatory control system, built by Astronomical Consultants and Equipment (ACE) of Tucson, Arizona, in 1996, provides full computer control of the dome, telescope, and instrumentation. Courtesy Gettysburg College.
In the second program, Pleiades Photometry, we will use a larger telescope, the 0.9 meter (36 inch) reflector at Kitt Peak National Observatory to analyze the same stars by measuring their overall intensity (brightness), and their intensity in the blue and yellow portions of the spectrum specifically. These measurements will allow us to make a second determination each star’s spectral class, as well as estimate the distance to the Pleiades star cluster.
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Figure 5: The Kitt Peak National Observatory outside of Tuscon, Arizona, and its 0.9 meter (36 inch) telescope (left). Courtesy NOAO/AURA/NSF.
Part I: Spectroscopy of the Pleiades Star Cluster

Open the CLEA program Stellar Spectra, click on File and log in appropriately. After logging in, click File > Run > Take Spectra. Once you have control of the Gettysburg telescope, click Dome to open the telescope doors and Tracking to turn on the telescope’s automatic drive to compensate for the earth’s rotation. Changing the telescope’s direction can be done manually (slewing) by pressing N, S, E, W to the left of the field of view. Its manual rate of motion can be increased or decreased by pressing Slew Rate. Alternately, the coordinates of an object can be entered by clicking Set Coordinates and entering the object’s RA and Dec, after which the telescope will automatically slew to the new position. 

Click on the Set Coordinates bar and change Right Ascension and Declination to
RA = 3h 44m 14.00s, 
Dec = 23d 56’ 29.0” 
(’ = arcminutes, ” = arcseconds)  

(Make sure Tracking is ON.) This points the telescope to the Pleiades star cluster. You will see an image of the sky similar to Figure 7a below, here with black and white reversed. Most of the stars in your field of view are in the Pleiades cluster. The cluster actually contains hundreds of stars, most of which are too dim to be visible here. But only the six brightest are visible to the unaided eye. These form a “tiny dipper” easily seen in a dark sky. To illustrate the brightest stars in the Pleiades cluster, compare the image on your screen with the Mount Wilson image of the Pleiades on the right (Figure 7b) superimposed on the CLEA telescope field of view. We will take spectra and photometry of three of these six stars, the brightest in the cluster as seen from Earth.
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           (7b)
Figure 7: Comparison of CLEA view with Mount Wilson Observatory image of the Pleiades, June 20, 1995 (courtesy Mount Wilson Observatory). The blue haze surrounding the stars in 7b is a reflection of the starlight off of gases nearby.

The names and catalogue numbers of the six brightest stars above are (HD stands for Henry Draper catalogue)

1-Alcyone, HD 23630,

3-Merope, HD 23480,

5-Maia, HD 23408,

2-Atlas, HD 23850,

4-Electra, HD 23302,

6-Taygeta, HD 23338.

Spectral Readings:

1) Star 1, Alcyone, HD 23630:

By slewing (clicking on N, S, E, W), manually center the telescope field of view on star number 1, Alcyone. (Place star 1 exactly in the center of the red box.) After Alcyone is centered, click Change View. A red slit appears (two red lines) in the instrument field of view. This is the slit of the spectrograph. Near the spectrograph slit should be Alcyone, the brightest star on the screen. Recenter Alcyone directly over the middle of the red slit.  With Alcyone centered, the telescope coordinates should be approximately RA 3h 44m 27.02s, Dec 23d 58’ 00.1”. It is important that the star be centered directly in the middle of the slit. 

Click the Take Reading bar to open the spectrometer. Then click Start/Resume Count on the Reticon Spectrometer Reading pull-down menu. The telescope will start taking the spectrum of Alcyone HD 23630, displayed as a graph of intensity versus frequency. Let the photon count continue until the computer stops the count automatically to conserve resources, or until 30 seconds has elapsed. 

From the left side of the Reticon Spectrometer Reading window, record your telescope coordinates and the apparent magnitude of Alcyone:

Object: HD 23630

Apparent Magnitude (V): 

Right Ascension:


    

Declination:

After the spectrum is complete (30 seconds, or computer-stop), click SAve on the pull-down menu and save your data as 630 under Enter Number/ID of Star. 630 is the last three digits of HD 23630, Alcyone’s catalogue number. 

You now have a record of the spectrum of Alcyone. Next, we must record similar data for two of the other five visible stars of the Pleiades. Click Return (and OK) to return to the telescope window. Then click Change View to return to the wide-angle Finder View.

2) Star 6, Taygeta, HD 23338:

Slew the telescope to star 6, Taygeta, HD 23338. Center Taygeta on the spectroscope slit and check the telescope’s coordinates with those in Table 1 below. Next, take a reading of its spectrum, as you did for Alcyone, and from the left side of the spectrometer window record the star’s Apparent Magnitude V, and the telescope coordinates:

Object: HD 23338

Apparent Magnitude (V): 

Right Ascension:


    

Declination:

Save your spectrum (click SAve) using the last three digits of Taygeta’s catalogue number, 338. Click Return to return to the telescope control window, then click Change View to return to the wide-angle Finder View. Now choose any one of the four remaining stars on our list above to study, and repeat the spectroscopy process for this third major star of the Pleiades.
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3) Third Star (2-6):
         Star Name:

         Catalogue Number: HD 23


Choose your third star and record its number 2-6, its name, and catalogue number on the lines above. After choosing your star, center it on the spectroscope slit and check your coordinates with those in Table 1. Take a reading of its spectrum, and from the spectrometer window, record the star’s catalogue number, its apparent magnitude, and your telescope coordinate:

Object: HD 23 ______
Apparent Magnitude (V): 

Right Ascension:


    

Declination:

Finally, save your spectrum (click SAve) using the last three digits of the star’s catalogue number (e.g., HD 23850) and click Return on the pull down menu to return to the telescope control screen.

Table 1: RA and Dec of Major Stars of the Pleiades

	Star
	Catalogue #
	RA
	Dec

	1-Alcyone
	HD 23630
	3h 44m 27.02s
	23d 58’ 00.1”

	2-Atlas
	HD 23850
	3h 46m 09.06s
	23d 54’ 57.9”

	             3-Merope
	HD 23480
	3h 43m 21.07s
	23d 48’ 59.0”

	4-Electra
	HD 23302
	3h 41m 57.07s
	23d 57’ 57.3”

	5-Maia
	HD 23408
	3h 42m 51.04s
	24d 13’ 57.1”

	6-Taygeta
	HD 23338
	3h 42m 14.95s
	24d 19’ 56.0”


Question 1: The spectrometer attached to the Gettysburg telescope takes spectra only in the 3900 to 4500 Angstrom region of the spectrum. Can we see in these wavelengths? If so, what color is the light?

Our task now is to analyze our spectra. This requires some rather detailed instructions. Please read carefully!
Spectral Analysis:

We will now classify the three stars examined above by comparing their spectra to those of known stars in the MK classification scheme. Recall that this scheme classifies stars according to their temperatures, O, B, A, F, G, K, M, with each letter simply standing for a different temperature range. From the telescope control screen, click File > Run > Classify Spectra. In the Classify Spectra window, click File > Unknown Spectrum > Saved Spectra (*.CSP). Choose the file ending in 630.CSP, the spectrum for Alcyone, and click OK. The spectrum for HD 23630 should appear in the middle of the Classify Spectra screen. Now click File > Atlas of Standard Spectra and click OK for the Main Sequence listing under Select Spectral Atlas.

A catalogue of spectra for Main Sequence stars should appear, with a Spectral Standard above and below the spectrum of HD 23630. Move the table of Main Sequence spectra to the side to get a full view of the Classify Spectra window. Next, click File > Preferences > Display > Comb. (Photo & Trace). Finally, click File > Spectral Line Table and move the small Spectral Line Identification window to the side. Your screen should now appear similar to Figure 8 below.


Figure 8: CLEA Classify Spectra window with Combination Photo and Trace display, and Main Sequence catalogue and Spectral Line Identification windows.

Alcyone’s Spectral lines:

In the Classify Spectra window, see the left-most low dip in intensity on the intensity graph (Trace panel) corresponding to the left-most of the three dark absorbtion lines in Alcyone’s spectrum? Move the computer cursor over the very bottom of this dip and double click. A red line should appear on your screen coinciding with the absorbtion band, and simultaneously two dashed red lines should appear in the Spectral Line Identification window identifying an elemental ion with a spectral line at this wavelength. If your red line corresponds precisely with the bottom of the dip, then this ion is responsible for producing the absorbtion band. On the very bottom of the Classify Spectra screen are three small windows listing the Measured wavelength (in Angstroms) at the location of the red line, the light Intensity at this location (on a scale from 0 to 1), and the Display panel on which these measurements were taken. You should obtain the following readings (approximately) for this absorption line:

Line 1:

Angstroms Measured (Wavelength):  3969.6


Intensity:   0.310


Display:
 Bottom

Spectral line Identification:   3970.07    HI (H Epsilon)


HI, the ion absorbing light to produce this band, is singly-ionized hydrogen, i.e., a proton only. The term “H Epsilon” in parentheses is the name of the spectral line in HI’s spectrum at the 3970.07 wavelength.

Double click on the bottom of each of the other two large dips to the right in Alcyone’s trace spectrum, corresponding to its two other dark absorbtion bands, and record the wavelength, (Angstroms Measured), the spectrum Intensity at these points, and the ion responsible for producing each line.

Line 2:

Angstroms Measured (Wavelength):



Intensity:   


Display:
 Bottom

Spectral line Identification:   

Line 3:

Angstroms Measured (Wavelength):



Intensity:   


Display:
 Bottom

Spectral line Identification:   

Line 4:

There is a very dim line to the left of the H Epsilon line in Alcyone’s spectrum. It has produced a corresponding small dip in the trace spectrum (bottom panel) at about 3933.60 Angstroms. Double click on the bottom of this small dip in the trace graph and record your results.

Angstroms Measured (Wavelength):



Intensity:   


Display:
 Bottom

Spectral line Identification:   

This line is very weak in Alcyone, but it is much stronger in other stars. Remove the red spectral identification line by clicking once on the trace spectrum panel. Now click on the DOWN button to scroll through the spectra of other main sequence stars. Their spectra will appear in the Spectral Standard panel on top. 

Question 2: Which CLASS of stars in the catalogue (O5 V, A1 V, etc.) shows the darkest absorbtion of this line (Line 4)? To be sure of your choice, click on this line in the TOP PANEL and look at its Intensity recorded at the bottom of the window. Line 4 will be darkest when the intensity is the lowest.

Star Classification (from TOP panel):


Angstroms Measured (Wavelength):


   Intensity:


Display:  TOP

Question 3: See how the number of dark absorbtion lines increases as you go down through the Main Sequence catalogue? Recall that a gas must be cool to absorb light. (Hot gases emit light.) With this in mind, can you tell which end of the Main Sequence catalogue, O5 or M5, represents cool stars and which represents hot stars?
Spectral Classification of Stars in the Pleiades
Our next task is to classify the stars we have observed according to the MK classification scheme. Recall that the spectral classes are O0-9, B0-9, A0-9, F0-9, G0-9, K0-9, and M0-9 (that is, O0, O1, O2, O3, …, B0, B1, B2, B3, …, etc.), with the hottest star at one end and coolest at the other. (The V at the end of the catalogue listings stands for main sequence, a designation we can ignore here.) Unfortunately, the Main Sequence catalogue on our screen does not show spectra for all of these classes of stars, so we will have to estimate the correct spectral class of the stars we observe. 

In the Classify Spectra window, click File > Preferences > Intensity Trace. All spectra should now appear as intensity-trace graphs, which are often helpful for comparing with spectral standards. On the lower right of the display window, click Difference. The bottom panel should now contain a wiggly red line. This line is the difference between the intensity traces of the top and middle panels (top graph intensity minus middle graph intensity). 

To determine the spectral class of Alcyone, we would like to find a trace spectra in the Main Sequence catalogue that matches the trace spectra of Alcyone. To try this, click on the DOWN and UP buttons on the right of the screen to scroll through the spectral types. A match is when the traces in the top and middle panels exactly correspond, and the red difference line on the bottom is perfectly flat.

Question 4: Do any of the spectra in the catalogue perfectly correspond with the spectrum of Alcyone?

Your answer here should be no! (If your answer is yes, you may have the wrong spectrum for Alcyone!)

Since no catalogued spectrum on our list corresponds to Alcyone, we must interpolate to find where in the classification scheme Alcyone should lie. By inspection of the red difference line, the classification of Alcyone should be somewhere between B6 and A1. Thus it must be either B7, B8, B9, or A0, since the order of spectral types are B6, B7, B8, B9, A0, A1. Estimate where between B6 and A1 Alcyone’s spectrum should be placed.

Spectral Classification of Alcyone:

After you have chosen a classification for Alcyone, click Classification Results and click Record to record your result. Then click File > Unkown Spectrum  > Saved Spectra (*.CSP) to call up the spectrum of Taygeta (338), the second star you observed. Using the same technique, classify Taygeta below.

Spectral Classification of Taygeta:

Record your result for Taygeta and call up the spectrum of your third star and classify this star as well. (Your third star will require interpolation, as did Alcyone above.)

Spectral Classification of Third Star:

Question 5: A great deal of information can be obtained from a star’s classification. Table 3 on page 12 relates spectral class to Absolute Magnitude M. From your classifications of each star above and Table 3, record the star’s Absolute Magnitude M in the table below.

Table 2: Absolute Magnitude of Pleiades stars from Spectroscopic Determination of Spectral Class

	Star
	Spectral Class (from Spectroscopy)
	Absolute Magnitude M (from Spectral Class)

	1-Alcyone
	
	

	6-Taygeta
	
	

	
	
	


Part II: Photometry of the Pleiades Star Cluster

Recall from the discussion in the introduction that a star’s spectral class can also be determined from the intensity curve of its spectrum. That is, stars at different temperatures radiate with different intensities at different wavelengths, according to the Planck radiation law, as in Figure 3. Finding a star’s Apparent Magnitude V in yellow light (yellow is the center of the visual spectrum) and subtracting this from a star’s Apparent Magnitude in blue light B, gives a means of identifying the star’s temperature and thus its spectral class. Table 3 gives the correspondence between the B – V color index and a star’s spectral type and its Absolute Magnitude M (how bright it would appear if it were 10 parsecs [3.26 lightyears] away). We will use this information below to help determine the spectral type of our observed stars in the Pleiades.

Table 3: Spectral Type and Absolute Magnitude of Main Sequence Stars from B – V color index

	B – V color index
	Spectral Type
	Absolute Magnitude M

	–0.35
	O5
	–5.8

	–0.30
	O9
	–4.0

	–0.31
	B0
	–4.1

	–0.28
	B1
	–3.5

	–0.25
	B2
	–2.9

	–0.22
	B3
	–2.3

	–0.19
	B4
	–1.7

	–0.16
	B5
	–1.1

	–0.13
	B6
	–0.7

	–0.10
	B7
	–0.4

	–0.06
	B8
	0.0

	–0.03
	B9
	0.3

	0.00
	A0
	0.7

	0.03
	A1
	1.0

	0.05
	A2
	1.2

	0.08
	A3
	1.5

	0.13
	A5
	2.0

	0.27
	F0
	2.6

	0.42
	F5
	3.4

	0.58
	G0
	4.4

	0.70
	G5
	5.1

	0.89
	K0
	5.9

	1.18
	K5
	7.3

	1.45
	M0
	9.0

	1.63
	M5
	11.8

	1.80
	M8
	16.0


Minimize (or close) all windows for the Stellar Spectra program. Open the CLEA program Pleiades Photometry and click on File and log in appropriately. After logging in, click File > Run. Once you have control of the 0.9 meter Kitt Peak telescope, click Dome to open the telescope doors and Tracking to turn on the telescope’s automatic drive. You should again see the Pleiades star cluster in your field of view with Alcyone near the center. As before, manually center Alcyone in the telescope, then click Change View. This time you will see a red circle representing a photometer, an instrument that measures the intensity of light (a photon counter). However, instead of recentering Alcyone in the middle of the photometer, move Alcyone above, or to the right of the photometer so that Alcyone is at least two red-circle diameters away from the circle’s center. Our purpose is to measure the light intensity of the background sky. This will help the computer calculate the apparent magnitudes of the stars under observation. 

Dark Sky Reading

With the photometer centered on the dark sky, record the coordinates of the telescope’s field of view.

RA (Dark Sky):




         Dec (Dark Sky):

To measure the light coming from the dark background, click Take Reading. In the Photometer Window, the Filter should be set on a yellow V, for yellow visible light. (Recall that a yellow filter passes only yellow light, and that yellow is in the center of the visible spectrum.) Now click Seconds until 1.0 is displayed in the Seconds window, and click Integrations until 5 is displayed in the Integrations window. Then click Start Count. The number of photons entering the telescope from the dark sky will appear in the column Raw Counts. 

After all five integrations are complete, record the number of photons collected by the telescope on each integration, and the Mean Sky Counts/Second, in the yellow (visible) portion of the spectrum:

Dark Sky Raw Counts (V):



Mean Sky Counts/Second (V):






Now click Filter until the blue filter B appears and again click Start Count. After all 5 integrations are complete, record the number of photons collected by the telescope, and the Mean Sky Counts/Second, with the blue filter B in place:

Dark Sky Raw Counts (B):



Mean Sky Counts/Second (B):






Question 6: Is the background sky more radiant in yellow light or in blue light?

Question 7: Is the Sun more radiant in yellow light or in blue light? (If you are not sure, see Figs. 1 and 3.)
Click on Return to return to the telescope control window.

1) Alcyone (HD 23630) Reading

Now center Alcyone (star 1 in Figure 7) in the photometer’s red circle. Check your coordinates for Alcyone with those given in Table 1. They should be close, but not necessarily exactly the same as the telescope’s coordinates when using the spectrometer. Again, it is important that the star be as close to the center of the red circle as possible to get a good photometer reading. With the photometer centered on Alcyone, record the coordinates of the telescope’s field of view.
RA (Alcyone):




         Dec (Alcyone):

To measure the intensity of light coming from Alcyone, click Take Reading. In the Photometer Window, set the Filter to the yellow V. The Seconds window should display 1.0 and the Integrations widow should show 5. Now click Start Count. The number of photons entering the telescope from Alcyone will appear under Raw Counts. 

After all five integrations are complete, record the Mean Counts/Second (photons per second) collected by the telescope from Alcyone in the yellow portion of the spectrum. The Mean Counts/Second is displayed on the far right middle of the Photometer Window. Also record the Apparent Magnitude V of Alcyone in the yellow region, listed beneath the Mean Sky Counts/Second (Magnitude (V) lower right corner of photometer window):

Alcyone:

Mean Counts/Second (V):



(Apparent) Magnitude V:


Now change to the blue filter B and click Start Count to measure Alcyone’s intensity in blue light. From the photometer window, record Alcyone’s Mean Counts/Second and Apparent Magnitude in the blue portion of the spectrum B. 

Mean Counts/Second (B):



(Apparent) Magnitude B:


Subtract Alcyone’s apparent visual magnitude (Magnitude V) from its apparent magnitude in blue light (Magnitude B) to obtain the B – V color index of its spectrum.

Alcyone: B – V = 

From Table 3 above, use Alcyone’s B – V color index to estimate its Spectral Type and Absolute Magnitude M. If Alcyone’s exact B – V index is not listed in the table, then choose the spectral class closest to its B – V value.

Spectral Classification of Alcyone using B – V index (Table 3):

Absolute Magnitude of Alcyone using B – V index (Table 3):     M =

Click Record Readings and OK to save your measurements. Then click Return to return to the telescope control window. Now point the telescope photometer to the other two stars you observed in the Pleiades cluster in Part I and perform the same B – V photometer measurements.

2) Taygeta (HD 23338) Reading

Center Taygeta (star 6 in Figure 7) in the photometer’s red circle. Check your coordinates with those of Table 1. Again, they should be close, but not necessarily exactly the same as in Part I. With the photometer centered onTaygeta, record the coordinates of the telescope’s field of view.

RA (Taygeta):




         Dec (Taygeta):

Click Take Reading. In the photometer window, set the Filter to the yellow V. The Seconds window should display 1.0 and the Integrations window should show 5. Click Start Count. After all five integrations are complete, record the Mean Counts/Second (middle far right of window) collected by the telescope in the yellow (visual) portion of the spectrum. Record the apparent Magnitude V of Taygeta, listed beneath the Mean Sky Counts/Second (lower right corner of photometer window):

Taygeta:

Mean Counts/Second (V):



(Apparent) Magnitude V:


Now change to the blue filter B and click Start Count to measure Taygeta’s intensity in blue light. From the photometer window, record the star’s Mean Counts/Second and Magnitude in the blue portion of the spectrum B. 

Mean Counts/Second (B):



(Apparent) Magnitude B:


Subtract Taygeta’s Apparent Magnitude V from its Apparent Magnitude B, to obtain the B – V color index of its spectrum.

Taygeta: B – V = 

From Table 3, use Taygeta’s B – V index to estimate its Spectral Type and Absolute Magnitude M. 
Spectral Classification of Taygeta using B – V index (Table 3):

Absolute Magnitude of Taygeta using B – V index (Table 3):     M =

Click Record Readings and OK to save your measurements. Then click Return to return to the telescope control window. Now point the telescope photometer to the third star you observed in the Pleiades cluster in Part I and perform the same B – V photometer measurements.

3) Third Star (2-6):
         Star Name:

           Catalogue Number: HD 23


Record the number, name, and HD-catalogue number of your third star from Part I on the above line. Center this star in the photometer’s red circle. Check your coordinates with those of Table 1. With the photometer centered on your third star, record the coordinates of the telescope’s field of view.

RA (Star 
):



         Dec (Star
          ):

Click Take Reading. In the photometer window, set the Filter to the yellow V. Seconds should be at 1.0 and Integrations at 5. Click Start Count. After all five integrations are complete, record the Mean Counts/Second and the Apparent Magnitude V of the star:

Third Star:

Mean Counts/Second (V):



(Apparent) Magnitude V:


Now change to the blue filter B and click Start Count to measure the star’s intensity in blue light. From the photometer window, record the star’s Mean Counts/Second and Magnitude in the blue portion of the spectrum B. 

Mean Counts/Second (B):



(Apparent) Magnitude B:


Subtract the star’s Apparent Magnitude V from its Apparent Magnitude B, to obtain the B – V color index of its spectrum.

Third Star: B – V = 

From Table 3, use your third star’s B – V index to estimate its Spectral Type and Absolute Magnitude M. 

Spectral Classification of third star using B – V index (Table 3):

Absolute Magnitude of third star using B – V index (Table 3):   M =

Click Record Readings and OK to save your measurements.

Question 8: For each star you observed, how do your estimates for its spectral class from B – V photometry in Part II, pp. 14, 15, 16, compare with your estimates for its spectral class from spectroscopy in Part I, p. 11? To compare, fill in the table below. Note that 

Table 4: Comparison of Spectral Class determined by Spectroscopy and Photometry

	Star
	Spectral Class from Spectroscopy (Part I)
	Spectral Class from Photometry (Part I)

	1-Alcyone
	
	

	6-Taygeta
	
	

	
	
	


Question 9: For each star, do the spectral classifications from Parts I and II agree?

1-Alcyone: Spectral classes from Parts I and II agree?

6-Taygeta: Spectral classes from Parts I and II agree?

Third Star
: Spectral classes from Parts I and II agree?

Question 10: For each star you observed, how do your values for Apparent Magnitude V from Part II, pp. 14, 15, 16, compare with your values for Apparent Magnitude V from Part I, pp. 7, 8? To compare, fill in the table below and subtract the two values. 

Table 5: Comparison of Apparent Magnitude V from Parts I and II
	Star
	Magnitude V

(Part I)
	Magnitude V

(Part II)
	Magnitude V (Part I) – Magnitude V (Part II)

	1-Alcyone
	
	
	

	6-Taygeta
	
	
	

	
	
	
	


Question 11: Finally, compare the Absolute Magnitudes M found from spectroscopy and photometry for each star. Complete the table below from your data in Table 2 and your values of M on pp. 14, 15, 16.

Table 6: Comparison of Absolute Magnitudes M from Parts I and II
	Star
	Absolute Magnitude M

(Part I)
	Absolute Magnitude M

(Part II)
	Abs. Mag. M (Part I) – Abs. Mag. M (Part II)

	1-Alcyone
	
	
	

	6-Taygeta
	
	
	

	
	
	
	


Part III: Distance to the Pleiades by Spectroscopic Parallax

Question 12: Knowing a star’s Absolute Magnitude M and its Apparent Magnitude V allows us to determine the star’s distance from Earth. This comes from knowing how bright the star would appear at a given distance; the dimmer it appears the farther away it is. The relationship connecting distance to Absolute and Apparent Magnitudes is

where D is the distance to the star in lightyears, V is its Apparent Magnitude, and M is its Absolute Magnitude. From this equation, and your data from Part I, calculate the distance to the three stars you observed in the Pleiades. (That is, use V from the first column of Table 5, and M from the first column of Table 6 to calculate D.)

DAlcyone (lightyears) = 
DTaygeta (lightyears) =
DThird Star (lightyears) =
Take the average of these values (DAlcyone + DTaygeta + DThird Star)/3, to estimate the distance to the Pleiades star cluster.

Estimated distance to Pleiades =

In 1958, astronomers H. L. Johnson and R. I. Mitchell calculated the distance to the Pleiades to be about 410 lightyears. How does your value compare with theirs?

Question 13: Suppose we were just one spectral class too low on Taygeta, and its correct spectral class were actually B5 instead of B6. From Table 3, what would its Absolute Magnitude M be?

Absolute Magnitude of B5 star:  M =


If this were its correct absolute magnitude, what would be the distance to Taygeta? (Use the same value of V as you used in Question 11.)

DB5-Taygeta (lightyears) =
End of ESC 115 Lab 7

Prepared by R. S. Armour, Jr. for ESC 115, Mercer University, Fall, 2001.
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Figure 1: H-R diagram showing spectral classifications O, B, A, F, G, K, M, in order from hot (50,000 K) to cold (3,000 K). The right axis is Absolute Magnitude, the brightness of the star if it were 10 parsecs from Earth. The middle curve is the “main sequence,” where most stars can be found.
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