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PHY 114:  Lab 4
Spectrum of Light
(This lab has been adapted from the SHSU PHY 113 Lab Manual, Spring 2005, with very few changes)
Goals

After completing this lab, you should have an understanding of the nature of light and how it can be used to determine the properties of distant objects.  You should understand the different kinds of spectra observed in astronomy and the physical processes involved in creating these spectra.

Objectives

This lab will give you “hands-on” experience observing the spectra of various sources of light.  You will learn about the spectrum of white light and the various terms used to describe light.  You will learn the connection between light and temperature, and how the different types of spectra are created.

Background Information

Light is the most basic and important tool available to astronomers.  Before using this tool, it is best to have a good understanding of the basic properties of light.  A detailed description of light will not be presented here (see your textbook for details), however we will summarize the important features required for this lab.

Spectrum of White Light

When white light (sunlight) passes through a prism (triangular piece of glass), it is split into a series of colors that we call a spectrum.  We also see this effect after a rainstorm when we see a rainbow.  So when you hear the word “spectrum”, you’ll want to be thinking “rainbow” or “prism” and the various colors of light.

Kirchoff’s Laws:  Different Kinds of Spectra

If we were to look closely (very closely) at the spectrum produced by passing sunlight through a prism, we would notice a series of dark lines over the colorful spectrum.  Where do those dark lines come from?  In 1859, German physicist named Gustav Kirchoff came up with the answer, along with some other interesting observations about spectra.  Today we call them Kirchoff’s laws:

Law #1:  When a dense substance (solid, liquid, or compressed gas) is heated up, it produces light (it begins to glow).  Passing that light through a prism produces a “smooth rainbow of colors” that we call a continuous spectrum.
Law #2:  When a thin gas is heated up, it begins to glow.  When this light is passed through a prism, the spectrum looks like a series of bright lines with different colors.  This is called an emission line spectrum.
Law #3:  When the light produced by a hot, dense substance passes through a cool gas before passing through a prism, the spectrum looks like a continuous spectrum with a series of dark lines in it.  This is called an absorption line spectrum.  Interestingly, the locations of the dark lines produced by the cool gas are in exactly the same place as the bright lines produced when that gas is heated up!

Light Described as a Wave

In 1873, a Scottish physicist named James Clerk Maxwell developed a theory that describes light as an electromagnetic wave (the electromagnetic is not so important for us, but the wave is…).  We will make use of some of the basic elements of this description of light:


The speed of the wave is equal to the speed of light: 
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The size of the wave is characterized by the distance between two successive crests (or peaks).  This is called the wavelength.  The symbol used for wavelength is the Greek letter lambda: .





In terms of how we see light, each color has its own characteristic wavelength.  The table below summarizes the colors of the spectrum and their corresponding wavelengths.

Visible Colors & Corresponding Wavelengths

	Color
	Wavelength Range (Angstroms)

	Red
	7800 – 6200

	Orange
	6200 – 6000

	Yellow
	6000 – 5750

	Green
	5750 – 4900

	Blue
	4900 – 4500

	Violet
	4500 - 3900


There is a lot more to light than what is described here.  The rest you will discover on your own by doing this lab exercise, reading your textbook, and answering the pre-lab questions.

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. What color of visible light has the shortest wavelength?  What color has the longest wavelength?

2. Visible light makes up only a small portion of the electromagnetic spectrum.  What is the name of the region of the electromagnetic spectrum that has wavelengths a little bit longer than red light?

3. What is the name of the region of the electromagnetic spectrum that has wavelengths a little bit shorter than violet light?

4. A convenient unit for the wavelength of visible light is nanometers (nm).  How many nanometers are in one meter?

5. Another common unit for the wavelength of visible light is Ångstroms (Å).  How many Ångstroms are in one meter?

6. A spectral feature has a measured wavelength of 550 nm.  What color is this feature?

7. What is the wavelength of the feature in question 7 expressed in units of Ångstroms?

8. What is Wien’s Law?

9. What are the units of wavelength in the equation you wrote in question 8?

Procedure

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

2. The lab exercise below has two parts.  

a. The first part involves a “hands-on” exploration of the spectra of various light sources.  You will learn how to identify an object based on the light it produces.

b. The second part makes use of a software package “Visual AstroLab”.  You will work in teams, but each member of the team will turn in an individual lab report.  Make sure that each team member has all of the information before you finish the lab exercise.

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 is due at the beginning of the next lab class.

Lab Exercise

Part I:  Observing Spectra with a Diffraction Grating

Your lab instructor will set up a number of light sources throughout the classroom.  Each student will be given a diffraction grating, which does the same thing as a prism.  To use the diffraction grating, you should hold it fairly close to your eye.

1. The first source you will observe is an incandescent lab (regular light bulb) attached to a dimmer switch.  

a. With the brightness of the lamp turned up, look towards the lamp through your diffraction grating and look for the spectrum of the lamp (you might need to look off to the side).  Once you’ve found the spectrum, describe it in detail.  Also note the color of the lamp (when you look at it without the diffraction grating).

b. Your instructor will adjust the brightness of the lamp.  Describe the spectrum you observe when you view the dimmed lamp through your diffraction grating.  Also note the color of the lamp.

2. Your instructor will set up a number of “gas discharge tubes” throughout the room.  These sources are similar to the fluorescent lights in the room, and neon lights used for store signs.  [Note:  These lamps require very high voltages, and the power supplies are very dangerous (a shock from one of these could be fatal).  Please be very careful when using this equipment].

a. Describe the spectrum of the hydrogen lamp.

b. Describe the spectrum of the helium lamp.

c. Describe the spectrum of the mercury lamp.

d. Describe the spectrum of the neon lamp.

3. Now your instructor will set up an unknown source at the front of the room.  Use your previous observations to identify this unknown source.

Part II:  Visual AstroLab:  Atoms & Light

Open the Visual AstroLab software using the Username and Login information written on the board at the front of the classroom.  Click on Astronomy Labs and choose the exercise called Atoms & Light from the first pull-down menu.  Click on “Lab Guide” and use the software to fill in the information below:

Page #1:  

1. Image #1:  List the colors of the spectrum:    ______________________

______________________

______________________

______________________

______________________

______________________


Why does a prism cause light to be split into all these colors?

2. Image #2:  List the colors of the rainbow:     ______________________

______________________

______________________

______________________

______________________

______________________


How does a rainbow cause light to be split into all these colors?
Page #2:

1.  Click on the Waves button. 

A) What are the wavelengths of the five waves?
_________________









_________________









_________________









_________________









_________________

B) Convert the following wavelengths into the appropriate units:

Wavelength = 10 km = ____________m = _______________cm

Wavelength = 500nm = ____________Å = _______________mm

2. Click on the Electromagnetic Waves button and read the information presented.

a. Which electromagnetic waves have the shortest wavelength?

b. Which electromagnetic waves have the longest wavelength?

c. What equation relates frequency, wavelength, and the speed of light?

d. Which electromagnetic waves have a higher frequency, microwaves or x-rays?

3. The waves shown represent a close-up view of visible light waves.  Identify the colors by comparing the relative wavelengths.  


a)______________

b)______________

c)______________

Page #3:  

1. Fill in the table below:

	Wavelength
	Type of Radiation
	Can be Detected on the Ground

	15 km
	
	

	10 cm
	
	

	500 nm
	
	

	0.7 nm
	
	

	0.0005 nm
	
	


2. How much of the electromagnetic spectrum is covered by visible light?

3. What prevents some of the types of radiation from reaching the ground?

4. How do astronomers get around this problem?

Page #4:
1. Click on the button Emitted vs. Reflected Light and read the information presented.

a. What color does Planet X appear to an observer in space?  Explain your answer.

2.  Click on the button Wien’s Law
a. At which wavelength is the intensity of the spectrum highest?_________

b. What color does this correspond to?_______________

c. Use Wien’s Law to calculate the peak wavelength of the electromagnetic radiation emitted by a human.

d. What region of the spectrum is this? 

e. Wien’s Law to calculate the peak wavelength of the electromagnetic radiation emitted by a planet.

f. What region of the spectrum is this?

g. What is the peak wavelength of the Sun?

h. What is the peak wavelength of Sirius?

i. What region of the spectrum does the Sun’s peak lie? 

j. What region of the spectrum does Sirius’s peak lie? 

Page #5:
1. Click on the Temperature button and fill in the following table:

	
	Temperature (K)
	Temperature (C)
	Temperature (F)

	Surface of Sun
	5800
	
	

	Surface of Venus
	
	450
	

	Surface of Moon
	
	
	-292


2. What color corresponds to:    
a) higher temperatures?________________

b) medium temperatures?_______________

c) lower temperatures?_________________

3. Does this sequence agree with Wien’s law?  Explain your answer.

Page #6:  

1. Fill in the table below.

	Color
	Setting 1
	Setting 2
	Setting 3
	Setting 4

	Red
	Maximum
	Maximum
	Minimum
	Maximum

	Green
	Maximum
	Minimum
	Maximum
	Maximum

	Blue
	Minimum
	Maximum
	Maximum
	Maximum

	Resulting color:
	
	
	
	


2. Does this exercise have any scientific applications in astronomy?  If so name them.

Page #7:
1. Fill in the table below:

	Color
	Approx. Intensity
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Approx. Intensity

Green Intensity



	Blue
	
	

	Green
	
	

	Yellow
	
	

	Red
	
	


2. Go back to page 6 and set the slider positions to the values you calculated in the third column of the table above (set Green to maximum value).  What color do you get?

Page #8:  

1. Click on the Wien’s Law  button and fill in the following table:

	Temperature (K)
	5000
	6000
	7000
	8000

	Wavelength (nm)
	
	
	
	

	Color
	
	
	
	


2. Back on page 8, List the stars in order of increasing temperature on the picture at the bottom of the screen.

3. Does Wien’s Law predict this result?  Explain your answer.

Page #9:
1. Click on the button Atom and Radiation, and read the information presented.  

a. What happens to the electron when an emission line is emitted?

b. What happens to the electron when an absorption line is observed?

Page #10:

1.  Identify the spectra:    
______________________

______________________

______________________

2. Which of Kirchoff’s Laws corresponds to the spectra in question 1?

Page #11:
1. Fill in the table below:

	Series
	Transition
	Type of Radiation

	
	n=2 to n=1
	

	
	n=3 to n=1
	

	Lyman
	n=4 to n=1
	

	
	n=5 to n=1
	

	
	n=6 to n=1
	

	
	n=3 to n=2
	

	Balmer
	n=4 to n=2
	

	
	n=5 to n=2
	

	
	n=6 to n=2
	

	
	n=4 to n=3
	

	Paschen
	n=5 to n=3
	

	
	n=6 to n=3
	


2. Identify the wavelength and Balmer Series line in the spectrum:

	Line #
	Wavelength (nm)
	Balmer Series Line

	1(violet)
	
	

	2(violet)
	
	

	3(blue)
	
	

	4(red)
	
	


3. Do the two spectra have the same absorption and emission lines?

Page #12:  Identify the elements based on the wavelengths of their emission lines:

Element #1:  

	Wavelengths

	

	

	

	

	

	







Element:_______________

Element #2: 

	Wavelengths

	

	

	

	

	

	







Element:_______________

Element #3: 

	Wavelengths

	

	

	

	

	

	







Element:_______________

Post-Lab Questions

1. Which of Kirchoffs Laws explains the spectrum produced by 

a. the incandescent lamp in Part I of the lab?

b. the “gas discharge tubes” in Part I of the lab?

2. How can astronomers measure the temperature and composition of a star, just by observing its light?

3. What makes the spectrum of a substance unique (why does each element have a different spectrum)?
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