Name: ___________________ Date: _____ Period: ______

DOPPLER EFFECT

As a result of high temperature, stars emit light.  Although it appears white, their light contains a spectrum of color.  When separated, the individual colors can be used as a type of “fingerprint” to identify and analyze the star.  When light comes from a star that is moving away from earth, the star’s color fingerprint is shifted toward the longer end of the spectrum or the red end (RED SHIFT). You may think of this as the light stretching toward the red end of the spectrum.   When the light comes from a star that is moving toward the earth, the fingerprint appears to shift toward the shorter end of the spectrum or the blue end (BLUE SHIFT).  The light is jamming together towards the blue end of the spectrum. This change in frequency is known as the Doppler Effect.  Astronomers determine if galaxies or stars are moving toward the earth or away from the earth by use of the Doppler Effect.  All distant galaxies have red shifts; all are moving away from us - the greater the degree of shift, the faster the movement.
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The Doppler Effect occurs in all types of waves. In sound waves the pitch changes. A fire engine approaching you has a higher pitch. As it passes and moves away, the pitch of the siren becomes lower. This changing pitch results from the changing frequency of sound waves from a moving source. When the fire engine approaches the sound waves seem closer together – higher frequency, higher pitch. When the fire engine is going away the sound waves are farther apart – lower frequencies, lower pitch.
MODELING THE SHIFT
Imagine a star emitting light waves.  Like ripples of water, the light waves travel outward in all directions from their source.  If the source moves, the ripple patterns in front of the movement get squished together.  At the same time, the patterns behind the star get separated from each other.  
In this activity you will construct a simple model that illustrates the Doppler Effect.
MATERIALS
Long and wide elastic band            marker or pen               
Scissors                                        ESRT or ruler
PROCEDURE
1. Work with a partner.  Take an elastic band.  Use scissors to carefully open the loop into one continuous length.

2. Use a ruler or ESRT to create a series of lines, one centimeter apart, across the band.  Make sure the line is drawn across the entire width of the rubber band.
3. Connect the tops and bottoms of the lines to create a wave
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Draw a star in the middle of the rubber band.  Draw a sketch of what the stars and lines look like on the rubber band.  
· Draw the initial rubber band stretch (star not moved) no stretch.

5. One student holds both ends of the elastic.  This student’s left hand is representing the earth. The elastic is pulled so that it has a moderate stretch (about 3 cms. Apart) and so that the holder can feel the tension in the rubber band. 
6. A second student should measure the distance between lines on the rubber band.  

7. Draw a sketch of what the star and lines look like on the rubber band, and record the distance between lines.  Label where the Earth would be as well. 
Distance between wavelengths to the left of the star _________                      Distance between wavelengths to the right of the star_________

   7.    Repeat step #4, trying to stretch the rubber band the same    


distance as you did before.

         b.   A second student grasps the star with his or her thumb and    

index finger and moves it about 3 centimeters towards the 
     

earth. Observe the change in appearance of the lines on both 


sides of the star.


c. A third student measures the distance between lines on both 


sides of the star.  In the data table, sketch where the star and 


earth are, and draw what the lines look like on the rubber band.   

Also, make sure you record the measurements as well.

Second movement of the star (about 6 cm stretch) and label where the earth is


Distance between wavelengths to the left of the star________                      Distance between wavelengths to the right of the star________

8. Repeat steps #7-9, but with the following changes:


i. This time move the star away from the earth
ii. This time move the star twice the distance as before (about 6 cm.) 
9. Again, observe how this movement affects the marked distances on either side of the star and record in the data table.

Distance between wavelengths to the left of the star________                      Distance between wavelengths to the right of the star________

Questions
1.  What did the marks on the elastic band represent? _________________________________________________________
2.  What movement (if there is – hint, hint) or position was represented when the star remained at the center of the elastic band before movement? (Remember in order to see change; a frame of reference is needed) _________________________________________________________
3.  What happens to the wavelengths near the earth after the first push?  __________________________________________________________________________________________________________________
4.  What happens to the wavelengths near the earth after the second push?  There are two changes here so please record both! ___________________________________________________________________________________________________________________________________________________________________________

5.  Go back to your data table and label the side receiving the red shift and the side receiving the blue shift in the instances they occurred.                                                                                                                    

In addition, color the lines blue that represent the blue shift, and the lines red that represent the red shift.
6.  Which push (#2 or #3 in the data table) represents the faster movement of the “star” and why? __________________________________________________________________________________________________________________

7.  When a star in a galaxy is demonstrating a red shift compared to earth, what happens to its wavelengths AND its distance from earth?
________________________________________________________

8.  When a star in a galaxy is demonstrating a blue shift compared to earth, what happens to its wavelengths AND its distance from earth?
________________________________________________________
