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What is the Doppler effect, and why is it 
important to understand? 
Sound 

1. Describe what is meant by "sound." Explain how sound is created, transmitted, 
and sensed. 

Sound is a longitudinal pressure wave. When an object immersed in a fluid (such 
as air) vibrates, it sets up regions of high and low pressures that travel away from 
the object. When the wave strikes a membrane (such as an eardrum), the high 
pressure regions create a pressure difference across the membrane. This creates a 
force that points into the membrane, thus pushing the membrane in. When the low 
pressure wave strikes the membrane, just the opposite occurs, with the membrane 
being pulled out. The result is a membrane that vibrates at the same rate as the 
original object. The brain interprets this vibration as sound. 

2. Set the velocity (Velocidad del emisor) to 0.0. Run the simulation (click the 
Empieza button). By examining the number of waves that pass a stationary point 
in a given time period, find the frequency of the waves. The simulation measures 
time in seconds. (You can press the Pausa and Continua buttons to step through 
the animation.) 

In a sample trial, four waves passed the first numbered tick mark in four seconds, 
indicating a frequency (f) = 1 cycle/sec. 

3. Assume that the distance between numbered tick marks is 1 meter. Using your 
answer to Question 2, and by examining the wavelength, calculate the velocity of 
the wave. 

The wavelength ( ) = 1 m, so the wave velocity (v) = 1 m/s. 

The Doppler Effect in Sound 

4. Now, set the source velocity (Velocidad del emisor) equal to 0.50. Run the 
simulation until the source (red rectangle) has moved close to the observer (blue 
rectangle). What is the resulting wavelength on each side of the moving source? 
Note that each tick mark is equal to 0.2 meter. 



On the right side (where the sound waves are moving toward the observer), the 
wavelength is now only ' = 0.50 meters. On the left side (where the sound waves 
are moving away from the observer), the wavelength has increased to ' = 1.50 
meters. (The prime denotes the Doppler-shifted wavelength.) 

5. Examine the motion of the waves. How has the frequency changed on each side 
of the source? 

The frequency on the right side of the source has increased. The frequency on the 
left side has decreased. 

6. Use the relationship between wavelength and frequency (  x f = a constant 
velocity), along with your answers to Questions 2-4, to calculate the frequency at 
a point on each side of the source. 

The original frequency emitted by the source was f = 1 cycle per second (from 
Question 2). The original wavelength was = 1 meter. The constant obtained by 
multiplying wavelength ( ) by frequency (f) is, therefore, 1 m/s. 

On the right side of the source, the wavelength is 0.50 meters, resulting in a 
Doppler-shifted frequency of f' = 2.0 cycles per second. On the left side of the 
source, the wavelength is 1.50 meters, producing a Doppler-shifted frequency of f' 
= 2/3 cycle per second. 

7. Using the equations provided on the Read page, confirm your results for Question 
6. 

The ratio between vs and v is 0.50. Since the wave velocity, v, is 1.0 m/s (from 
Question 3), vs must be 0.50. When the source is approaching the observer 
(referring to the right side of the source), 

f' = f v/(v - vs) = (1.0)(1.0)/(1.0 - 0.5) = 2.0 cycles per second, as found earlier. 

For the left side, use the equation for a source moving away from an observer: 

f' = f v/(v + vs) = (1.0)(1.0)/(1.0 + 0.5) = 0.667 cycle per second, which agrees 
with the earlier result of f' = 2/3 cycle per second. 

Electromagnetic Waves and Light 

8. Summarize how electromagnetic waves are similar to acoustical (sound) waves. 
How are they different? 

Both electromagnetic waves and sound waves have defined wavelengths and 
frequencies. Both propagate at well-defined velocities. Sound is a longitudinal 
pressure wave, whereas electromagnetic waves are transverse waves. Sound 



requires a medium in order to propagate, which is why there is no sound in outer 
space. Electromagnetic waves, however, do not require a medium and can travel 
through outer space. 

The Doppler Shift in Light 

9. How is the Doppler shift used in astronomy? What is meant by the terms red-shift 
and blue-shift? 

Celestial objects, like stars and planets, constantly emit electromagnetic waves. 
Because these bodies are moving with respect to the earth, the frequency of these 
electromagnetic waves will be shifted. This shift can be detected and used to 
ascertain whether the body is approaching the earth or moving away from it. 
When a body is approaching the earth, the frequencies will be higher than 
normal. This is called a red-shift. Conversely, when a body is moving away from 
the earth, the frequencies will be lower than normal, a blue-shift. 

Summary (Homework) 

10. Radar is the process of sending out an electromagnetic wave, having it reflect off 
of a body (such as an airplane or a water molecule), receiving the reflected wave, 
and then imaging the results. How do you think the Doppler shift can be used to 
measure wind speeds (Doppler radar)? (Hint: Think about how radio waves might 
reflect off of air particles that are moving at various speeds and in various 
directions.) 

When a body reflects a wave, it acts like a wave emitter. Therefore, if the body is 
approaching the radar station, the electromagnetic wave will be higher in 
frequency than when it started (blue-shifted), and so on. 

By processing these shifts in frequency, the motion of the air molecules can be 
imaged to form a weather map of wind speed and direction. This process is called 
Doppler radar. 

11. Explain why the pitch of an object approaching an observer (such as a fire truck 
with its siren on) differs from the pitch as it moves away from the observer. 
Remember that pitch is the brain's interpretation of a sound's frequency. 

As the fire truck approaches the observer, sound frequency increases. The siren 
has a higher pitch than it does when it moves away from the observer, since the 
frequency will then decrease. 

12. Now answer the Focus Question. What is the Doppler effect, and why is it 
important to understand? 

Answers will vary. 


