Background

Astronomers are in a very peculiar situation for scientists. They generally don’t get to plan their own experiments, they must simply sit and watch the experiments that nature provides them. This means that it’s critical to get as much information as possible from the light that enters their telescopes.  Today we’ll look at some of the ways that astronomers make use of the light that they receive.

Part I – Lab Spectra

We’ll begin by looking at several light sources in the lab with a spectrometer.  Stars obey the same physics as our lab sources.  By comparing spectra of the lab sources with spectra of actual stars, astronomers can determine the star’s chemical composition.

(1)
Start by observing a dense hot object like a tungsten filament with your spectroscope.  This is a good example of a “blackbody’ source of light and it should show you all of the colors.  Record on your worksheet the wavelength range for each of the following colors: 
Red, Orange, Yellow, Green, Blue, Indigo, Violet. (ROY G BIV) How many colors are there in the visible spectrum?

(2)
Once you’ve measured and recorded the wavelengths in “nanometers” (one nanometer is 10-9 meters), convert the wavelengths for each color into Angstroms (one Angstrom equals 10-10 meters) and into meters. These three units of length are frequently used in describing light. 

(3) 
For each color (wavelength) find the “frequency” of that kind of light. Frequency is a measure of how many wave peaks per second are received by an observer.  Light waves in the visible band have very short wavelengths so many waves enter your eye each second. The wavelength and frequency of any waves, including light waves, are related by:


Wave speed = wavelength times frequency or c = λf

In this equation c is the speed of the waves, f is the frequency in waves (cycles) per second (which is also called Hertz, Hz) and λ is the Greek letter lambda and stands for the wavelength. Using this equation and knowledge that the speed of light c is 300,000,000 meters/second or 3x108 meters/second, find the frequency of each color of light.

Now we’re ready to look at some examples of emission spectra. Emission spectra come from thin gases that are heated to high temperature. In astronomy emission spectra are often produced by hot clouds of gas that are in the vicinity of a star that’s being born or dying. The Orion Nebula is a fine example of an emission nebula and it’s a place where stars are being born.

(4)
Look at the hydrogen gas and record the colors you see in its emission spectrum. You can use the chart in the lab to find out what the wavelength should be for each color. You might not see all of the colors because the room isn’t perfectly dark and the “lines” aren’t all the same brightness. Record those you are sure of and “calibrate” your spectroscope by comparing your readings to the values accepted by the physics community. Are your readings always high or low?  If so, account for that in viewing the following spectra.

(5)
Now look at the spectrum of helium, neon, and the “mystery” gas. Each of these gases emits certain wavelengths of light that are like a fingerprint for that element.  These fingerprints allow astronomers to determine what chemicals are present in the nebula under study. Helium, neon, and the mystery gas can all be found on the spectrum chart. After carefully recording the colors and wavelengths of the three gases, you should be able to identify the mystery gas using the spectrum charts.

Part II - Interpreting Spectra

Next we’ll look at some spectra that have been recorded in a graphical format, such as those shown in your text. These graphs display the intensity of light versus its wavelength and can be used, among other things, to establish the surface temperature of the emitter. Stars emit spectra that are a combination of a blackbody spectrum with “absorption lines” superimposed.  Absorption lines arise when cool gas lies between us and the emitter. Just as gases will emit particular emission lines when heated, the gas will also grab the same wavelengths and absorb them if the gas is in a cool low energy state. The absorption lines are usually the result of cool gases in the vicinity of the star and thus help us establish what elements of the gas.

Today we’ll be paying most of our attention to the blackbody shape of the stellar spectrum.  We’ll use the simplified stellar spectra of six well known stars. We’ll first establish the surface temperature of each by using Wien’s Law:

λmax x Tsurface = 2.9x106 nanometers x Kelvin

Here, λmax is the wavelength of the peak intensity and Tsurface is the termperature of the radiating surface.  The number is a fundamental constant that relates the surface temperature with the peak wavelength of the blackbody curve.

(6)
Identify the surface temperature for each of the six stars.


Once we've got the surface temperature for the six stars we'll use the Spectral Class system employed by astronomers. This associates the surface temperature of a star (and some other characteristics) with a letter in the sequence 0 B A F G K M. These letters run from high surface temperatures to low surface temperatures. The table relates spectral class to temperature. 

Spectral Class
Surface Temperatue

O
> 28,000 degrees

B
10,000 - 28,0000

A
7,400 - 10,000

F
6,000 - 7,400

G
4,900 - 6,000

K
3,500 - 4,900

M
< 3,500

(7) Identify the spectral class for each of the six stars.


We can also use Wien's Law to predict the wavelength of maximum intensity and color of stars for which we know the surface temperature. Find λmax and predict the color of each star remembering that the range of human vision is approximately 400-700 nm. 

(8)
Find the wavelength of the maximum intensity and the color for the following stars: 


The Sun - 
5,800 degrees


Vega -

11,000 degrees

Part III - Doppler Shift

Finally, we're going to do a little problem relating to a phenomenon called the Doppler Shift.  The Doppler Shift is the change in the wavelength of light received by an observer when the source of the waves is moving either towards or away from the observer. If the source is moving towards the observer, the wavelength of the light emitted (or sound emitted) is shortened and the crests are closer together. If the source is moving away from the observer the wavelength is lengthened. With the visible forms of light the longest wavelengths are the red and the shortest are in the blue, so astronomers will frequently talk about a "redshift" for objects moving away from us and a ''blueshift'' for objects approaching us. Redshifts and blueshifts can be measured for stars and galaxies if we take their spectra and compare them to the wavelengths we'd get for similar chemicals in the lab, where the emitter is at rest with respect to our spectroscope. The basic equation for calculating the velocity of a moving object from its Doppler Shift is:

V/c = Δλ/λ

Where V is the velocity of recession/approach, c is the speed of the waves (for light 3 x 108 ml sec), λ  is the rest wavelength the light would have in the lab and Δλ is the difference between the wavelength of the light received from the emitter and the rest wavelength the same light would have in the lab. With that information solve the following problem: 

(9) There is a galaxy, St Thomas 387, for which we've obtained a spectrum. Suppose that the galaxy shows a red emission line.  In the lab we see it at 660 nanometers.  From the galaxy we observe it at 678 nanometers.  If this red line should be the 660 nanometer line for hydrogen, what is the velocity of the galaxy St. Thomas 387?  Is it receding or approaching Earth? 

