Lab: Spectroscope
White light can be separated into all of the colors of the spectrum by a prism or a diffraction grating.  The spectroscope is a tubular instrument that is used to observe this color separation.  The spectroscope uses a diffraction grating with a narrow slit in the front through which light enters and is separated into the spectral colors.  The diffraction grating is a plastic disk with 13,400 groves per inch which breaks the light down into its color components.


Intricate and precise spectroscopes are used by astronomers and other scientists to investigate and record the properties of stars and other objects that emit light.  The spectroscope that you will be using today can be used to examine the properties of continuous and bright-line spectra from various sources of light.  

Background:


Scientists learn many things from the study of the spectrum.  The spectrum is an arrangement of radiations or light energies arranged in order of their wavelength and frequencies.  A rainbow is the most familiar spectrum.  A rainbow occurs because raindrops split up sunlight into all the separate colors that make up the white light spectrum.  Each color represents a small range of frequencies of light vibrations.


Colors that are usually seen in the visible spectrum are red, orange, green, blue, indigo, and violet.  The longest wavelength (lowest frequency) is at the red end of the spectrum and the shortest wavelength (highest frequency) is at the violet end of the spectrum.  Infrared (which means beyond red) and radio waves occurs outside the visible frequency at the red end of the spectrum.  While the ultra-violet (which means beyond violet) and gamma radiation occurs outside the visible frequency at the violet end of the spectrum.

Each element in nature produces its own unique spectrum of bright lines when it is heated or when an electric current is passed through it.  Scientists study these various spectra from stars and galaxies to determine their elemental composition and temperature.  We will be studying these bright lines of a few particular elements today.
Pre-Lab Questions: 
1. When using a spectroscope, what splits the light into its separate colors?
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2. What is a spectrum?
3. Name the most familiar or common spectrum.
4. What color of the spectrum has the longest wavelength?

5. What color of the spectrum has the shortest wavelength?

6. How can scientists tell different elements apart?

7. List two pieces of information that scientists can learn by studying a star’s spectra.
Procedure:
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Look through the end of the spectroscope with the circular eye piece and aim the other end (the end with the slit) at the source of light that you are investigating.

NOTE: DO NOT aim your spectroscope directly at the Sun!!!!  It can cause eye damage!  

· To adjust the spectroscope, rotate the entire unit until the spectrum appears on the side walls of the tube.  Then if needed, turn the slit portion gently until the widest spectral band is attained.  The bands of color will appear vertically on the side walls of the spectroscope. Be patient!
Part 1
          In part 1, you will use your spectroscope to study an incandescent light bulb and a fluorescent light bulb.  An incandescent light bulb works because electricity flowing through the filament makes it white hot, causing the bulb to give off white light.  A fluorescent light bulb works when electricity disrupts electrons in the gas atoms inside the fluorescent tube.  When the electrons return to their normal, undisturbed state they emit light.   

          The bands of color, merging smoothly into each other, are called the Continuous Spectrum.  An ordinary incandescent light bulb viewed through a spectroscope will produce a continuous spectrum.  
A. The spectroscope should be aimed at the incandescent light bulb and adjusted if needed.
1. What colors do you observe when viewing an incandescent light bulb with the spectroscope?

[image: image3.jpg]



2. Using colored pencils, sketch the spectrum that you have observed:

STATION #1
	


B. The spectroscope should now be aimed at the fluorescent light bulb and adjusted if needed.
3.  What colors do you observe when viewing a fluorescent light bulb with the spectroscope?
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4. Using colored pencils, sketch the spectrum that you have observed:

STATION #2
	


Part 2
          In part 2, you will use your spectroscope to study the bright-line spectra emitted by three different elements using the gas discharge tubes.  A bright-line spectrum is produced when these low density, gaseous elements are heated.  The spectrum you will observe has bright lines separated by dark spaces.  The color and sequencing of these bright lines are determined by the type of element present in the gases and the amount of energy supplied.  Each element emits its own bright-line spectrum with a unique color sequence.
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A. The spectroscope should now be aimed at gas tube for Sample #1.
1. Using colored pencils, sketch the spectrum that you see for element #1:

STATION #3
	


B. The spectroscope should now be aimed at gas tube for Sample #2.
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2. Using colored pencils, sketch the spectrum that you see for element #2:

STATION #4
	


C. The spectroscope should now be aimed at gas tube for Sample #3.

3. Using colored pencils, Sketch the spectrum that you see for element #3:

STATION #5
	


Part 3
          Stars, like our own Sun, emit dark-line spectra.  A dark-line spectrum can only be directly examined with a more sophisticated spectroscope.  A dark-line spectrum is produced when a cooler gas is in front of the source of the continuous spectrum.  The cooler gas absorbs light energy from the parts of the spectrum where, if heated, would emit bright lines.  The colored portion of the dark-line spectrum is divided by dark spaces, which are determined by the number and types of gases through which the cooler gas passes.  
The dark-line spectrum of a star occurs when the continuous spectrum of the underlying layers of the star is partially absorbed by the cooler outer layers.  The Sun will appear as a continuous spectrum.  In reality, however, there are small, dark absorption lines that cannot be distinguished. This is caused by interference by the gases in our atmosphere. 
A. The spectroscope should now be aimed at a sunny wall of the classroom (NOT THE SUN ITSELF!)

1. What colors are in Sunlight?

2. Using colored pencils, Sketch the spectrum that you see:

STATION #6
	


Analysis Questions:
1. Name the order of colors in the continuous spectrum, from shortest wavelength to longest.  
       (Use pg. 674 Fig. 1 in your book)
2. How is the spectrum of the incandescent bulb different from the fluorescent light’s spectrum?

3. a. Describe the colors and sequencing of the bright-line spectrum of Sample #1.

b. Look at your teacher’s Spectral Analysis Chart.  Which Element is Sample #1?
4. Describe the colors and sequencing of the bright-line spectrum of Sample #2.

b. Look at your teacher’s Spectral Analysis Chart.  Which Element is Sample #2?

5. Describe the colors and sequencing of the bright-line spectrum of Sample #3.

b. Look at your teacher’s Spectral Analysis Chart.  Which Element is Sample #3?

6. Describe how a chemist would use the bright-line spectrum of a star in their field of study.
7. What do the dark lines in the dark-line spectra or stars reveal to astronomers?
8. How do these dark lines help determine the composition of a star?
