

The Doppler Effect:

I)  Read the following essay on the Doppler Effect:

	By observing changes in the color of the light stars emit, scientists can determine the speed of the stars and the direction they move in relation to Earth. The principle that explains the changes in color is closely related to a sound phenomenon we frequently experience here on Earth, the Doppler effect.
	The Doppler effect is an observed change in pitch (how high or low a sound is) when either the source of the sound or the listener is in motion. Imagine a car, its horn blaring, approaching you as you sit on a park bench. To you, the sound of the horn seems higher in pitch than it would if the car were parked. As the car approaches you, the horn's pitch seems to be high, and if the car keeps the same speed, the pitch stays constant. As the vehicle passes by and moves away from you, the horn's pitch appears to drop.
	In reality, though, the car horn vibrates at a constant rate, and to the person driving the car, the pitch doesn't change. You, however, hearing the sound from the bench, perceive a change because as the car gains ground on the sound waves traveling out from its horn, it pushes the sound waves together so that the sound wavelengths in front of the car get shorter. As wavelength shortens, frequency increases, so the higher the frequency is, the higher the pitch will be. As the car passes you, the sound waves traveling back toward you are spread out, and have a longer wavelength. This decreases their frequency and lowers the pitch you hear.
	The Doppler effect applies to all types of waves, including light waves. Astronomers measure the Doppler shift in the frequency of the light stars emit, and from this information they can determine the stars' velocity and direction of motion in relation to Earth. In light, a change in wavelength and frequency is perceived as a change in color. For a star approaching Earth, increasing frequency makes the light appear bluer. This is known as a blueshift. If a star is moving away from Earth, decreasing frequency makes the light appear redder, which is known as a redshift. By measuring the extent of the change in color, an observer can also gauge how fast the star is moving: the faster it moves, the more pronounced the color shift will be. The discovery of redshifts in the spectra of galaxies in the 1920s led Edwin Hubble to conclude that the universe is expanding.

Now, follow the link to the interactive site NOVA | Stellar Velocity: The Doppler Effect and learn even more about the Doppler Effect.

https://mpbn.pbslearningmedia.org/resource/phy03.sci.phys.energy.doppler/stellar-velocity-the-doppler-effect/#

When you are finished with the essay and the interactive, please respond to the following questions:

1)  Describe the Doppler effect. What causes it?







2)  What is a redshift? 








3)  How can the degree of redshift in the color spectra of a supernova tell astronomers about the movement and location of stars?










II)  Hubble and the Red Shift of Galaxies:

	Using your earbuds/headphones, watch the following video (15 mins long) about how the Doppler Effect provided tremendous evidence in support of the model of an expanding universe.

https://youtu.be/KhhaED90PoE

Questions to answer after watching the video:

1)  What did Hubble discover after studying the Andromeda “nebula”?  Why was this so significant in our understanding of the Universe?





2)  Describe the “Hubble Effect”.











3)  How old are the most distant objects ever observed in our Universe?





III)  What astronomers learn from light spectra:

Follow the link below and read about spectroscopy and astronomy.  Then answer the questions provided.
https://imagine.gsfc.nasa.gov/features/yba/M31_velocity/spectrum/spectra_info.html

1)  How do astronomers determine the temperatures of distant stars, planets, and gas clouds?




2)  What is a “binary star system”?  What have studies of the Doppler Effect on binary stars allowed scientists to learn about stars?







3)  What have studies of star velocities at the center of our galaxy revealed about the Milky Way?
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