A Night at the IRTF
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You have been selected as a student intern to assist a team of astronomers at the Infrared Telescope Facility (IRTF) on Mauna Kea in Hawai’i.  After a long flight and the required 24 hours of acclimation due to the high altitude, you are ready for your first night on the telescope.
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You will be working with Dr. John Lacy, an astronomer at The University of Texas at Austin.  Dr. Lacy works with infrared wavelengths, so the 3-meter IRTF is perfect for his work.  He designed a special instrument called the Texas Echelon Cross Echelle Spectrometer, or TEXES for short.  TEXES is currently being used on the IRTF.  
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Assisting on this observing run is Dr. Tommy Greathouse.  Dr. Greathouse used to be a graduate student studying under Dr. Lacy, but now he is working at the Southwest Research Institute.

Before you begin, Dr. Lacy asks you a few questions to see how much you know coming into this project.

1.  What is the electromagnetic spectrum?

2.  How is infrared different from visible light?

3.  What is spectroscopy?

4.  When you look through a diffraction grating, what do you see?

5.  Can you see pictures in the infrared with your eyes?  Why or why not?

6.  Can you see spectra in the infrared?  Why or why not?

Once Dr. Lacy has gone over the basics of infrared astronomy with you, Dr. Greathouse shows you the startup computer screen and explains what each part means.

A  The TEXES Screen:  This is what the TEXES instrument sees.  The detector is 256 pixels x 256 pixels.  Both the x and y axis are labeled with the pixels.

B  Spectra:  The information from TEXES is put into a graph format called a spectra.

C  Cloud Monitor:  This monitors the number of pixels that TEXES is picking up.  If this is very low, that means there are clouds blocking the pixels.  

D  Telescope Control:  To move the telescope across the sky you use right ascension.  To move the telescope up and down you use declination.  You can also close the dome from the telescope control.
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       Your target for the night is Saturn.  After the telescope is aimed at the southern hemisphere of Saturn, the following screens appear:





“Notice that white streak?”  Dr. Lacy asks.  “If you look at the spectra you see a big dip where that white streak is.  We have to figure out what that represents.”  

Dr. Greathouse hands you 5 pages of known spectra.  “See if you can match the pattern with part of one of these known spectra.  On these spectra, the x-axis is labeled in wave numbers.”

“Wavenumbers?  What are those?” you inquire.  “Are they like wavelengths?”

“Astronomers who work with a lot of spectra like to use wave numbers,” explains Dr. Greathouse.  “You convert wavelengths into wave numbers, then you don’t have to worry about how the light refracts in air.   I could show you how to do it and why it works, but it might confuse you.”


You are confused enough as it is.  Looking at all the lines of spectra, it seems like everything looks the same!  How does anyone make sense of any of these lines?  But you take your best guess.  What do you think the wave number of this spectrum is?



Answer:_________________________

Dr. Lacy hands you a chart and explains that these are the wave numbers of the most commonly observed spectral lines in the infrared.

	Chemical
	Wave Number

	Ar +4
	699

	H2
	586

	CH4
	1244

	Ne +4
	412

	S +3
	952



Based on this information, what chemical have you just identified in the atmosphere of Saturn?



Answer:___________________


“Not bad for your first try,” comments Dr. Lacy. “Let’s look at the northern hemisphere of the planet now.”  After making a few adjustments, the following screens appear:




You begin looking through the 5 pages of known spectra.  Dr. Greathouse chuckles as you flip back and forth.  “You know,” he says.  “There’s really a couple hundred pages of spectra I could have given you.  I tried to narrow it down a little since I know this is the first time you’ve looked at spectra.”


Shooting Dr. Greathouse a grateful glance, you swallow the nervous lump in your throat and make your guess as to what wave number you think you are looking at now.



Answer:__________________


Then you look back on the chart Dr. Lacy gave you and say what chemical you are looking at.



Answer:__________________


“You are starting to get the hang of it,” encourages Dr. Lacy as he adjusts the telescope again.  “Now we are going to look at the equator of the planet.”  As the new screens appear, Dr. Lacy yells “Oh no!”  Dr. Greathouse leaps out of his seat.





What do you think is happening?___________________________________

What needs to be done?__________________________________________

“Unfortunately, it looks like we are done for the night,” sighs Dr. Lacy.  Dr. Greathouse reluctantly agrees.  “It’s close to sunrise, so let’s head back to the dorms and we’ll be back tomorrow night.”

As you head back to the dorms, you ponder everything that you’ve seen on your first infrared observing run.  It certainly gave you some insight into what astronomers do during a night at the IRTF!

Teacher Notes:  A Night at the IRTF
Prerequiste knowledge before doing this activity:

Electromagnetic spectrum

Wavelength

Spectroscopy

Use of diffraction gratings

You have been selected as a student intern to assist a team of astronomers at the Infrared Telescope Facility (IRTF) on Mauna Kea in Hawai’i.  After a long flight and the required 24 hours of acclimation due to the high altitude, you are ready for your first night on the telescope.

You will be working with Dr. John Lacy, an astronomer at The University of Texas at Austin.  Dr. Lacy works with infrared wavelengths, so the 3-meter IRTF is perfect for his work.  He designed a special instrument called the Texas Echelon Cross Echelle Spectrometer, or TEXES for short.  TEXES is currently being used on the IRTF.  


Assisting on this observing run is Dr. Tommy Greathouse.  Dr. Greathouse used to be a graduate student studying under Dr. Lacy, but now he is working at the Southwest Research Institute.

Before you begin, Dr. Lacy asks you a few questions to see how much you know coming into this project.

1. What is the electromagnetic spectrum? 
The electromagnetic spectrum is all types of light including radio, infrared, visible, ultraviolet, x-rays, and gamma rays.

2. How is infrared different from visible light?

The wavelength is longer, the energy is less, and we can’t see infrared.

3. What is spectroscopy?

Spectroscopy is the study of light when it is spread out into its component colors. It is used to analyze light; for example, to find out what chemicals are present.
4. When you look through a diffraction grating, what do you see?

When you use a diffraction grating, you see a spectrum of color or a pattern of bright colored lines; sometimes you see dark lines on the color spectrum.
5. Can you see pictures in the infrared with your eyes?  Why or why not?

No, we can’t.  Our eyes cannot detect wavelengths that long. This can also be a good place to discuss false color imaging.
6. Can you see spectra in the infrared?  Why or why not?

We wouldn’t see it the same way we see visible spectra since we can’t see infrared light with our eyes.

Once Dr. Lacy has gone over the basics of infrared astronomy with you, Dr. Greathouse shows you the startup computer screen and explains what each part means.

A  The TEXES Screen:  This is what the TEXES instrument sees.  The detector is 256 pixels x 256 pixels.  Both the x and y axis are labeled with the pixels.

B  Spectra:  The information from TEXES is put into a graph format called a spectra.

C  Cloud Monitor:  This monitors the number of pixels that TEXES is picking up.  If this is very low, that means there are clouds blocking the pixels.  

D  Telescope Control:  To move the telescope across the sky you use right ascension.  To move the telescope up and down you use declination.  You can also close the dome from the telescope control.





       Your target for the night is Saturn.  After the telescope is aimed at the southern hemisphere of Saturn, the following screens appear:





“Notice that white streak?”  Dr. Lacy asks.  “If you look at the spectra you see a big dip where that white streak is.  We have to figure out what that represents.”  

Dr. Greathouse hands you 5 pages of known spectra.  “See if you can match the pattern with part of one of these known spectra.  On these spectra, the x-axis is labeled in wave numbers.”

“Wavenumbers?  What are those?” you inquire.  “Are they like wavelengths?”

“Astronomers who work with a lot of spectra like to use wave numbers,” explains Dr. Greathouse.  “You convert wavelengths into wave numbers, then you don’t have to worry about how the light refracts in air.   I could show you how to do it and why it works, but it might confuse you.”

If you have students that ask for more information about wavenumbers, you can have them calculate some wavenumbers.  To do this, take the wavelength in microns, convert it into centimenters, then take the inverse of this.  For example, sulfur +3 has a wavelength of 10.5 µm :

10.5µm = 0.00105 cm


1/0.00105 = 952

So the wavenumber for sulfur +3   is 952

For the remainder of the activity, students will be looking at argon+4, hydrogen, methane, neon+4, and sulfur +3.  You can give students the wavelength in microns, and have them calculate the wavenumvebers.  Use the following chart to help students check their numbers.

	Chemical
	Wavelength (µm)
	Wavenumber (cm-1)

	argon+4
	14.3
	699

	hydrogen
	17.06
	586

	methane
	8.038
	1244

	neon+4
	24.3
	412

	sulfur +3
	10.5
	1952



You are confused enough as it is.  Looking at all the lines of spectra, it seems like everything looks the same!  How does anyone make sense of any of these lines?  But you take your best guess.  What do you think the wave number of this spectrum is?



Answer:___any number between 584-588 is on the right track_____

Dr. Lacy hands you a chart and explains that these are the wave numbers of the most commonly observed spectral lines in the infrared.

	Chemical
	Wave Number

	Ar +4
	699

	H2
	586

	CH4
	1244

	Ne +4
	412

	S +3
	952



Based on this information, what chemical have you just identified in the atmosphere of Saturn?



Answer:
hydrogen


“Not bad for your first try,” comments Dr. Lacy. “Let’s look at the northern hemisphere of the planet now.”  After making a few adjustments, the following screens appear:




You begin looking through the 5 pages of known spectra.  Dr. Greathouse chuckles as you flip back and forth.  “You know,” he says.  “There’s really a couple hundred pages of spectra I could have given you.  I tried to narrow it down a little since I know this is the first time you’ve looked at spectra.”


Shooting Dr. Greathouse a grateful glance, you swallow the nervous lump in your throat and make your guess as to what wave number you think you are looking at now.



Answer:
anything between 1240-1250 is on the right track


Then you look back on the chart Dr. Lacy gave you and say what chemical you are looking at.



Answer:
methane




For more examples of infrared spectra, go to http://webbook.nist.gov/chemistry/
· When you get to this link, look under “Search Options” and click on “name.”

· When the new screen pops up, enter the name of the chemical you want and hit “search.”

· On the next screen, scroll down to “other data available” and click on “IR Spectrum.”

A paragraph will come up that begins with, “Gas (150mmHg diluted to a total pressure of 600mmHg with N2).”  Click on this paragraph to see in infrared spectrum


“You are starting to get the hang of it,” encourages Dr. Lacy as he adjusts the telescope again.  “Now we are going to look at the equator of the planet.”  As the new screens appear, Dr. Lacy yells “Oh no!”  Dr. Greathouse leaps out of his seat.





What do you think is happening?
There are clouds coming in

What needs to be done?
The dome needs  to be closed up

“Unfortunately, it looks like we are done for the night,” sighs Dr. Lacy.  Dr. Greathouse reluctantly agrees.  “It’s close to sunrise, so let’s head back to the dorms and we’ll be back tomorrow night.”

As you head back to the dorms, you ponder everything that you’ve seen on your first infrared observing run.  It certainly gave you some insight into what astronomers do during a night at the IRTF!
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