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Stellar Spectroscopy


Lab 5
Stellar Spectroscopy*
THIS LAB EXERCISE HAS BEEN ADOPTED FROM THE SHSU PHY 113 SPRING 2005 LAB MANUAL WITH VERY FEW CHANGES.
Goals

After completing this lab, you should be able to recognize the distinguishing characteristics of different stellar spectral types of main sequence stars.  You should understand how stellar spectra are obtained. 

Objectives

In this lab, you will take spectra using a simulated telescope and spectrometer.  You will obtain spectra of good signal to noise levels and store them for further study.  You will compare these spectra with standard spectra of known spectral type.  You will inspect these spectra for prominent absorption lines in both graphical and photographic displays of the spectra. Finally, you will judge the relative strengths of absorption lines from measurements and comparisons with standard spectra.

Background Information

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 the 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 the stellar spectra could be divided into groups by the general appearance of their spectra.  In the various classification schemes they proposed, stars were grouped together by the prominence of certain spectral lines. Building upon this early work, astronomers at the Harvard Observatory refined the spectral types and named them with letters, A, B, C, etc.  They also embarked on a massive project to classify spectra, carried out by a trio of astronomers, Williamina Fleming, Annie Jump Cannon, and Antonia Maury.   The results of that work, the Henry Draper Catalog (named after the benefactor who financed the study), 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.

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.

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 thing that determined the spectral type of a star 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 atmosphere of the star 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.

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: a I indicates a supergiant, a III a giant star, and a V a main sequence star.  Our sun, a typical main-sequence star, would be designated a G2V, 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.

Pre-Lab Questions
These questions must be answered before you show up to your lab class.  You will not be able to start the lab exercise without the answers to these questions.  A quiz based on these questions will be given at the beginning of the lab session.

1. Name two familiar units we use in everyday life to measure temperature.

2. What equation is used to convert between these two temperature values?

3. In science, we use another set of units for temperature: Kelvin.  What equation is used to convert from degrees Celsius to Kelvin?

4. If a thermometer reads 75 oF, what is the equivalent temperature in oC?

5. If a thermometer reads –20oC, what is the equivalent temperature in oF?

6. If we measure the surface temperature of a star to be 5000 K, what is the equivalent temperature in oF?  [Hint: you’ll have to convert this to oC before you can convert it to oF]

7. How do astronomers measure the surface temperature of a star?

8. Why does the spectrum of a star usually have a series of dark lines?

9. If two stars have different patterns of dark lines in their spectra, does that necessarily mean the stars are made up of different elements?

10. What is the mostly likely explanation for the differing patterns of spectral lines in stars?

Procedure

1. Before coming to class, answer the pre-lab questions.

2. The lab exercise below has two parts.  

a. The first is a spectrum display and classification tool.  This tool enables you to display a spectrum of a star and compare it with the spectra of standard stars of known spectral types. 

b. The second part of the computer program is a realistic simulation of an astronomical spectrometer attached to one of three research telescopes—one small, one medium-sized, and one large.  You can steer the telescope so that light from a star will pass into the slit of the spectrometer and then turn on the spectrometer and begin to collect data.

3. Answer the post-lab questions using the information you gathered in the lab exercise.

4. Write a lab summary using the guidelines in the syllabus.  The lab summary and this worksheet are due at the beginning of the next lab class.

Lab Exercise

Part I: Practice Classifying the Spectra of Stars

1. Open the software package called “Project CLEA:  The Classification of Stellar Spectra” and login.

2. Select the CLASSIFY SPECTRA by clicking on the Run…Classify Spectra (this is a procedure you will use frequently to access items and make menu choices).  Answer no to any questions the computer may ask at this time about stored spectra.

You are now in the classification tool.  The screen that you see shows three panels, one above another with some control buttons at the right and a menu bar at the top.  The center panel will be used to display the spectrum of an unknown star, and the top and bottom panels will show you spectra of standard stars that can be compared with the unknown.  Next, we will become familiar with the spectral classification tool.

3. Call up the spectra of a practice unknown star by clicking Load…Unknown Spectrum…Program List.  A window will appear displaying a list of practice stars by name. Highlight the first star on the list — HD124320 — and then click on the OK button.  You will see the spectrum of HD 124320 displayed in the center panel of the classification screen.

Look at the spectrum carefully.  Note that what you are seeing is a graph of intensity versus wavelength. The spectrum spans a range from 3900 Å to 4500 Å, and the intensity can range from 0 (no light) to 1.0 (maximum light).

The highest points in the spectrum, called the continuum, are the overall light from the incandescent surface of the star (like Kirchoff’s 1st Law), while the dips are absorption lines produced by atoms and ions further out in the photosphere of the star (like Kirchoff’s 3rd Law). You can measure both the wavelength and the intensity of any point in the spectrum by pointing the cursor at it and clicking the left mouse button.  

a. Choose any point on the continuum of HD 124320 and record its wavelength and intensity below. 

Wavelength 
_____________________

Intensity 
____________________ 

b. Measure the wavelength and intensity of the deepest point of the deepest absorption line in the spectrum of HD 124320. 

Wavelength 
_____________________

Intensity
 ____________________

c. If you were to look at this range of wavelengths, what color would they appear?

4. Now you want to find the spectral type of HD 124320 by comparing its spectrum with spectra of known type. Call up the comparison star atlas clicking Load…Atlas of Standard Spectra.  A window will open up on which you will see numerous choices, but the atlas you want is the one at the top of the list:  Main Sequence.  Select it and click on OK to load the atlas.

The 13 spectra in the Atlas will come up in a separate window, but only 4 can be seen at one time. You can look at the entire set by dragging up and down on the scrollbar at the right of the Atlas window.  Do this, and note that a sequence of representative types, spanning the range from the hottest to the coolest are shown. 

a. List the different spectral types that are included in the Atlas below, including both the letter of the class and the number of the decimal tenth of a class (e.g. G2, ...).  You can ignore the Roman numeral “V” at the end of the spectral type—this just indicates that the standard stars are main sequence stars.

5. Because the spectral types represent a sequence of stars of different surface temperatures two things are notable: 

· The different spectral types show different absorption lines.

· The overall shape of the continuum changes.  

The absorption lines are determined by the presence or absence of particular ions at different temperatures, while the shape of the continuum is determined by the blackbody radiation laws.  One of these laws, Wien’s Law, states that the wavelength of maximum intensity is shorter when the temperature of the object is hotter.  This is described mathematically in the equation below:
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a. As you look through the stars in the Atlas, can you tell from the continuum which spectral type is hottest?  Identify the hottest spectral type.  Explain your answer.

b. At about what spectral type is the peak continuum intensity at 4200 Å? (4200 Å is about the middle along the x-axis).

c. What would be the temperature of this star?

6. Now use the comparison spectra to classify the star.  If you look at the panels behind the Atlas window, you will see that two of the comparison star spectra have already been placed in the two panels above and below the spectrum of your unknown star.  You can see the three panels more clearly by reducing the Atlas window to an icon.  You should see the spectrum of an O5 star is in the top panel, and the spectrum of the next star in the atlas, a B0, in the bottom panel.

If neither of these look like a match to your unknown star, you can move through the Atlas by clicking on the button labeled down to the upper right of the spectrum display.  Continue this until you get a pretty good match.  You should find that the best match is with spectral types that have very strong hydrogen lines (more about how to identify these later), and not many other features.  The stars with the strongest hydrogen lines are around spectral type A1.

If you want to do this in a more quantitative fashion, click on the button labeled Difference to the right of the spectrum display.  The bottom panel graph will now change, showing the digital difference between the intensity of the comparison spectrum at the top and the unknown spectrum in the center, with zero difference being a straight horizontal line running across the middle of the lower panel.  Your goal is to choose the correct spectral type from the list that results in a straight horizontal line in the bottom frame.

a. What is your estimate of the spectral type of HD124320?

7. Let’s take a step back and think about what we are doing.  We are observing the spectrum of a star and using it to figure out the star’s spectral type.  We look for certain features in the spectrum of the star.  These features are the spectral lines of atoms in the star’s atmosphere.  Let’s see if we can identify which lines go with which atoms.

In the lab, scientists have studied all of the elements and cataloged the spectral lines associated with them.  Luckily, we have part of this catalog available to us in the lab software.

a. Click on Load…Spectral Line Table.  You will see a window containing a list of spectral lines.  Point the cursor at the center of any line in the spectrum (say the one at 4341) and double click the left-hand button.  A red line should appear across the screen and, if you’ve centered correctly, the element associated with the spectral feature will be highlighted on the list.

Identify the line at 3933 Å_______________.

8. Now you are ready to identify the spectral type of a star based on its spectrum. Call up the unknown spectrum (your lab instructor will let you know which one to work on) by clicking Load…Spectra and choosing the star name.  Use the methods you have practiced above to identify the unknown star. 

Star name:


______________.

Spectral type:


______________.

Elements found in spectrum: 
___________________________________.

Part II:  Getting your Own Spectrum at the Telescope
Now that you’re comfortable identifying stellar spectra, you might be wondering how we get them in the first place.  You will use a simulated telescope equipped with a photon-counting spectrograph, to obtain spectra of an unknown star.  Then you will use the methods in Part I to identify the spectral type of the star.

1. If you are in the Classification Tool, click on Back in the menu bar to “iconize” the tool.  (You will need it again—and can call it back by double clicking on the icon). Now click on Run…Take Spectra.  In a few moments you will see a simulated telescope control panel.  It is realistic in many of its fundamental functions and will give you a good feeling for how astronomers collect and analyze spectroscopic data.  The following directions will familiarize you with the telescope and with its use to take spectra.

2. The screen you see shows a control panel and a monitor window, which shows you the view through a TV camera attached to a telescope.  Notice that the dome status is closed and the tracking status is off.  Open the dome by clicking the Dome button.

3. After the dome opens you will see the field of stars we will be measuring.  If you watch the stars for a while, you will notice that they drift across the field of view.  We cannot observe the stars if they are drifting, so we need to turn on the Tracking of our telescope.

4. Click on the N, S, E, W buttons to see how the affect the view.  These are used to point the telescope at a particular star.  The Slew Rate controls how fast the telescope moves.  Use these controls to center a star in the red box in the middle of the field of view.

5. To see what the spectrograph is going to observe, click on the Monitor button.  You will see a magnified view of the star field.  Center the star between the small slit in the middle of the screen.  This will allow the starlight to enter the spectrograph.

6. Record the position of the star:

RA: __________________

DEC:_________________

7. Now we can measure the spectrum of the star.  Click the Take Reading button.  You will notice that the graph looks fuzzy at first, but if you wait, it will sharpen up.  This is observed in almost any scientific measurement.  The more you measure, the better your results.  Wait until the signal to noise ratio reaches 100, then click the Stop Count button.  Write down the following information about your object:

Object Name:

________________

Apparent Magnitude:
________________

Integration Time:
_______________

Signal to Noise Ratio:
________________

8. Save your spectrum by clicking Save…  write down the name of the file you used for this object.

9. Your instructor may ask you to obtain additional spectra.  Now that you have done it once, you should be able to get the spectra more quickly.  Remember to write down the file names you use when you save your spectra.

10. After you have finished saving your spectra, use the methods from Part I to analyze them and classify your stars.  Use the table below to keep track of your observations and to record your classifications:

Summary of Spectroscopic Observations

	Star Name
	RA (h m s)
	DEC (
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Post-Lab Questions

1. You may have noticed that obtaining a spectrum of a faint star took a long time.  What could you do to speed up the process?

2. Which spectral types had the fewest spectral features?  Why don’t these stars have very many spectral lines?

3. Besides its spectral type, is there anything else we can learn about a star from its spectrum?




















































* This lab is adapted from the Project CLEA lab “Classification of Stellar Spectra”
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