doppler effect practice problems

Doppler effect practice problems provide an excellent opportunity to understand and apply the
principles of the Doppler effect in various contexts. The Doppler effect describes the change in
frequency or wavelength of a wave in relation to an observer moving relative to the source of the
wave. This phenomenon is commonly experienced with sound waves, such as when a vehicle
approaches and then recedes from an observer, causing a noticeable change in pitch. Understanding
the Doppler effect is essential in fields such as astronomy, meteorology, and medical imaging. In this
article, we will explore practice problems that illustrate the various scenarios of the Doppler effect,
providing a thorough understanding of the concept through examples.

Understanding the Doppler Effect

Before diving into practice problems, it is crucial to grasp the basic principles of the Doppler effect.

Definition

The Doppler effect is defined as the change in frequency (and consequently wavelength) of a wave in
relation to an observer who is moving relative to the wave source. The effect can be observed in both
sound and electromagnetic waves, but this article will primarily focus on sound waves.

Key Terms

1. Source: The object emitting the wave.

2. Observer: The object detecting the wave.

3. Frequency (f): The number of cycles of a wave that occur in a unit of time.

4. Wavelength (A): The distance between successive crests of a wave.

5. Speed of Sound (v): The speed at which sound waves travel through a medium, typically around
343 m/s in air at room temperature.

Formulas

The Doppler effect can be quantified using the following formulas based on whether the source and
observer are moving toward or away from each other.

1. When the source is moving towards the observer:

\[
f' = f\left( \frac{v + v_o}{v - v_s} \right)
\]

2. When the source is moving away from the observer:
\[



f' = f\left( \frac{v - v_o}{v + v_s} \right)
\]

Where:

-\(f'\) is the observed frequency.

-\( f\) is the source frequency.

-\(v_o\) is the speed of the observer (positive if moving towards the source).
-\(v_s\) is the speed of the source (positive if moving away from the observer).

Practice Problems

Now that we have established a basic understanding of the Doppler effect, let’s work through some
practice problems to reinforce this knowledge.

Problem 1: Approaching Vehicle

Problem Statement: A car honks its horn with a frequency of 500 Hz as it approaches a stationary
observer. If the speed of sound is 343 m/s and the speed of the car is 30 m/s, what frequency does
the observer hear?

Solution:

1. Given:

-\(f =500\, \text{Hz}\)
-\(v =343\, \text{m/s} \)
-\(v_s =30\, \text{m/s}\)
-\(v.o=0\ \text{m/s}\)

2. Substitute into the formula for a source moving towards the observer:

\[

f' = 500 \left( \frac{343 + 0}{343 - 30} \right)

\]

\[

f' = 500 \left( \frac{343} {313} \right) \approx 500 \times 1.095 = 547.5\, \text{Hz}
\]

Answer: The observer hears a frequency of approximately 547.5 Hz.

Problem 2: Receding Train

Problem Statement: A train is moving away from a stationary observer at a speed of 20 m/s, emitting
a sound frequency of 400 Hz. What frequency does the observer perceive? Assume the speed of
sound is again 343 m/s.

Solution:
1. Given:



=400\, \text{Hz} )
=343\, \text{m/s} \)
s =20\, \text{m/s}\)

f
Y
V_
v_ o =0\ \text{m/s} )

=~ =~

-\
-\
-\
-\

2. Substitute into the formula for a source moving away from the observer:

\[

f' = 400 \left( \frac{343 - 0} {343 + 20} \right)

\]

\[

f' = 400 \left( \frac{343} {363} \right) \approx 400 \times 0.946 = 378.4 \, \text{Hz}
\]

Answer: The observer hears a frequency of approximately 378.4 Hz.

Problem 3: Moving Observer

Problem Statement: A stationary siren emits a sound frequency of 600 Hz. If an observer runs towards
the siren at a speed of 10 m/s, what frequency does the observer hear? Assume the speed of sound is
340 m/s.

Solution:

1. Given:

-\(f =600\, \text{Hz}\)
-\(v =340\, \text{m/s} \)
-\(v_o =10\, \text{m/s}\)
-\(v_s =0\, \text{m/s} )

2. Substitute into the formula for an observer moving towards a stationary source:
\[

f' = 600 \left( \frac{340 + 10} {340 - 0} \right)

\]

\[

f' = 600 \left( \frac{350} {340} \right) \approx 600 \times 1.029 = 617.4 \, \text{Hz}
\]

Answer: The observer hears a frequency of approximately 617.4 Hz.

Problem 4: Both Source and Observer Moving

Problem Statement: A police car with a siren frequency of 750 Hz is moving towards a stationary
observer at a speed of 40 m/s. At the same time, the observer is cycling away from the police car at a
speed of 5 m/s. Determine the frequency heard by the observer. Assume the speed of sound is 343
m/s.

Solution:
1. Given:



-\(f=750\, \text{Hz}\)

-\(v =343\, \text{m/s}\)

-\(v_s =40\, \text{m/s} )

-\(v_o =5\, \text{m/s}\)

2. Substitute into the formula:

\[

f' = 750 \left( \frac{343 + 5}{343 - 40} \right)
\]

\[

f' = 750 \left( \frac{348} {303} \right) \approx 750 \times 1.149 = 861.7 \, \text{Hz}
\]

Answer: The observer hears a frequency of approximately 861.7 Hz.

Real-World Applications of the Doppler Effect

The Doppler effect is not just a theoretical concept; it has numerous practical applications across
various fields. Here are some examples:

1. Astronomy: Astronomers use the Doppler effect to determine the speed and direction of stars and
galaxies. The redshift and blueshift of light from distant celestial bodies provide valuable information
regarding their movement relative to Earth.

2. Medical Imaging: In ultrasound technology, the Doppler effect is used to measure blood flow in the
body. This helps in diagnosing various medical conditions, including cardiovascular diseases.

3. Radar and Sonar: The Doppler effect is fundamental in radar and sonar systems, allowing for the
detection and tracking of moving objects, such as vehicles or submarines.

4. Acoustics: Musicians and sound engineers utilize the Doppler effect to create special sound effects
or to understand how sound behaves in different environments.

Conclusion

Doppler effect practice problems are essential for grasping the principles of wave behavior in relation
to moving sources and observers. By working through various scenarios, you can gain a deeper
understanding of how the Doppler effect operates in both sound and light. From the practical
applications in astronomy and medical imaging to everyday experiences like hearing a passing siren,
the Doppler effect is a fascinating phenomenon that reveals much about our world. By practicing
these problems, you'll enhance your understanding of this critical concept in physics.

Frequently Asked Questions



What is the Doppler Effect and how does it apply to sound
waves?

The Doppler Effect is the change in frequency or wavelength of a wave in relation to an observer
moving relative to the source of the wave. For sound waves, if the source is moving towards the
observer, the sound waves are compressed, leading to a higher frequency (pitch). If the source is
moving away, the waves are stretched, resulting in a lower frequency.

How do you calculate the observed frequency when the
source is moving towards a stationary observer?

The formula to calculate the observed frequency (f') when the source is moving towards a stationary
observeris f' = f (v + vo) / (v - vs), where f is the emitted frequency, v is the speed of sound in the
medium, vo is the speed of the observer (0 if stationary), and vs is the speed of the source.

A police car with a siren frequency of 800 Hz is moving
towards a stationary observer at 30 m/s. What is the observed
frequency?

Using the formula f' = f (v + vo) / (v - vs), with v = 343 m/s (speed of sound), f = 800 Hz, vo = 0, and
vs = 30 m/s: f' =800 (343 + 0) / (343 - 30) = 800 343 /313 = 877.5 Hz.

What happens to the frequency of a wave when the source is
moving away from the observer?

When the source is moving away from the observer, the frequency of the wave observed decreases.
This is due to the wavelength being stretched, which corresponds to a lower frequency. The observed
frequency can be calculated using the formula f' = f (v - vo) / (v + vs).

If a train is blowing its whistle at a frequency of 600 Hz while
moving away from a stationary observer at a speed of 20 m/s,
what is the observed frequency?

Using the formula f' = f (v - vo) / (v + vs), with v = 343 m/s, f = 600 Hz, vo = 0, and vs = 20 m/s: f' =
600 (343 -0) /(343 + 20) = 600 343 /363 = 567.3 Hz.

How do you determine the direction of frequency change in
the Doppler Effect?

The direction of frequency change in the Doppler Effect can be determined by the relative motion of
the source and observer. If they are moving towards each other, the observed frequency increases
(blue shift). If the source and observer are moving apart, the observed frequency decreases (red
shift).



Can the Doppler Effect be observed with light waves as well
as sound waves?

Yes, the Doppler Effect can be observed with both sound and light waves. For light, the effect is often
referred to in terms of redshift and blueshift, which occur when the light source is moving away from
or towards the observer, respectively.

What is the significance of the Doppler Effect in astronomy?

In astronomy, the Doppler Effect is significant for measuring the speed and direction of stars and
galaxies. By observing the redshift or blueshift of light from celestial objects, astronomers can
determine whether these objects are moving towards or away from Earth, which helps in
understanding the expansion of the universe.
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