
CLASSROOM CONNECTIONS TO 
EXTEND STUDENTS LEARNING

KEY QUESTION:
What is the importance of space exploration?  
Use claim, evidence and reasoning to explain your position.

Fifty years ago, Apollo astronauts set foot upon the Moon—where will we be fifty 
years from now?  Through artifacts and experiences, Launchpad: Apollo 11 Promises 

Kept commemorates the milestone anniversary of the Apollo 11 moon landing.

TEKS correlations (including but not limited to):

PROCESS SKILLS: 
•  Plan and implement comparative and descriptive investigations
• Analyze data to formulate reasonable explanations and communicate valid conclusions     
   supported by data and trends
•  Analyze, evaluate and critique scientific explanations by using empirical evidence logic       
   and reasoning
•  Create models
•  Understand limitation of models
•  Understand the impact of scientific research 

CONTENT:
•  Physical properties, location and movement of Sun, planets, moons, meteors, 
    asteroids, comets
•  Gravity is the force that governs the motion of our Solar System
•  History and future of space exploration and transportation
•  Identify accommodations that enabled Space Exploration

EDUCATOR’S RESOURCES

Apollo 11 
Promises Kept



ELEMENTARY ACTIVITIES

  on the timeline. 
- Compare and contrast space transportation, past and present. Create a new              
  transportation system for space travel. 
- The International Space Station been very valuable in forwarding research in space.     
  Create a new International Space Station based on what we have learned from the 
  current one.

  a presentation focusing on the pros and cons of two or three vehicles.
- Scientists are investigating a way to send humans to Mars.  Investigate how scientists    
  landed the rover on Mars. Identify some of the challenges they were faced with.
https://www.jpl.nasa.gov/video/details.php?id=1090
https://www.jpl.nasa.gov/infographics/infographic.view.php?id=10776 

MIDDLE AND HIGH SCHOOL
The Perimeter Institute and Vernier have provided classroom activities that will enhance 
your curriculum. The Fort Worth Museum of Science and History thanks these two 
organizations for their contributions to this educator resource.

Activities in this section include:

Signature of Stars
This activity is from Perimeter Institute’s The Expanding Universe module. To download 
the full, free digital resource including a Teacher Guide, supporting video, and modifiable 
Word files, visit: www.resources.perimeterinstitute.ca/collections/lesson-compilations. 
For more information on Perimeter Institute resources and programs, please contact 
outreach@perimeterinstitute.ca

Find an Exoplanet
This activity is from Perimeter Institute’s The Expanding Universe module. To download 
the full, free digital resource including a Teacher Guide, supporting video, and modifiable 
Word files, visit: www.resources.perimeterinstitute.ca/collections/lesson-compilations. 
For more information on Perimeter Institute resources and programs, please contact 
outreach@perimeterinstitute.ca

 

 
 K: 2A, 6A, 8B

 1st: 2A, 6A, 8B

 2nd: 2A,F, 3C, 6A, 8C  

 

3rd: 3B,C, 5A, 6A,C, 8C 

4th: 3A,C, 4A, 5A 

5th: 3C, 4A, 6C, 8D   

6th: 3B,C,D, 11A,C

7th:  9B

8th: 6C, 8C 

 TEKS: 
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LivePhoto Physics Activity 23 Name: ___________________________  

 Date: ____________________________  

Physics with Video Analysis 23 - 1 

Doppler Effect: Sound Waves

Have you ever noticed that if a car with a horn blowing is moving past you rapidly that the sound waves 
emitted by the horn seems to change frequency? In 1842 an Austrian physicist, Hans Christian Doppler, 
observed and analyzed the same phenomenon for sound emitted by a passing train. Hence the 
phenomenon is known as the Doppler Effect.

A similar effect is found for the propagation of light and other electromagnetic waves from moving 
sources. In fact highway patrol officers use radar to measure Doppler shifts in radio waves so they can 
determine how fast vehicles are moving. 

Fig. 1: A car is shown moving at a speed vs past a sound sensor located at the side of a long straight road. 

Suppose a driver is blowing her car horn and hears a predominant frequency denoted by f0. What 
frequency, fF will be detected by a microphone placed in front of the source of sound (consisting of the 
moving car horn)? Doppler proposed that the frequency, fF detected in front of the source is given by 
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where vw is the speed of the sound wave propagation in air and vs is the speed of the moving source from 
which the sound wave emanates. 
Similarly, Doppler predicted that the frequency of waves propagating behind a source of sound that 
moves away from an observer at speed vs can be determined using the equation 
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We have created movies of a honking car moving fairly rapidly on a straight level road past a stationary 
microphone. We have recorded the sound waves emanating from the car’s horn separately using a sound 
sensor attached to the Logger Pro interface, operated by the roadside observer. You will be working with 
these files in this exercise. 

Your goal in this assignment is to verify that the Doppler Equations, shown above, can be used to predict 
the ratio (fF / fB) of the apparent car horn frequencies before and after the car passes the microphone. To 
complete this assignment you will need to (1) use Equations 1 and 2 to derive an equation for this ratio as 
a function of the speed of sound waves in air (vw) and the speed of the moving car horn (vs), and then 
(2) use the Logger Pro video analysis tools to determine the value of vs–the passing car’s velocity. 

LabPro Sound Sensor 

vs vs



23 - 2 Physics with Video Analysis

1. Preliminary Questions 

Note: You will receive full credit for each prediction made in this preliminary section whether or not it 
matches conclusions you reach in the next section. As part of the learning process it is important to 
compare your predictions with your results. Do not change your predictions!

(a) What happens to the sound of the car’s horn as is passes the sound sensor? Open the movie 
entitled <CarHornDoppler.mov> and play it. This video clip was recorded by a digital video camera 
that was placed perpendicular to the road and 10.0 meters away from the center of the car just as it 
passes the sound sensor in the center of the frame as shown in Figure 2. The sound dubbed into the 
Car Horn Doppler movie was recorded at the roadside by this sound sensor. What happens to the 
sound of the car’s horn as the car moves from an initial position to the left of the camera to a final 
position to the right of the camera? Replay the movie and listen several times, does the frequency of 
sound change? Is the loudness changing? Describe what you hear. 

2. Activity-Based Questions 

Verification of the Doppler Equations: In the section you are going to use the Logger Pro software 
along with the movie of the car’s motion and the sound sensor data to verify the Doppler Equations. 

(a) Use the Doppler Equations 1 and 2 to derive an equation for the ratio fF/fB as a function of the speed 
of sound waves in air (vw) and the speed of the moving car horn (vs). Show your work. 

10 m

20 m between 
markers 

Camera 

LabPro sound 
sensor

Figure 2: Overhead 
view of the recording 
apparatus
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(b) Open the Logger Pro file entitled <CarSpeed.cmbl>, which has a shortened version of the movie 
inserted in it.  Use the video analysis tools to find the speed of the car with its blowing horn “sound 
source,” (vs). Explain what you did to find (vs). Record your value for (vs) in the box below to 
three significant figures. Hints: Don’t forget to scale the movie and figure out how to find the car’s 
velocity using x vs. t data. 

(c) Calculate the speed on sound on the day the movie was made: It turns out that the speed of sound 
in air (vw) depends on the air temperature (Tc) and can be calculated using the equation1

vw = 331.45 1+ Tc

273.16°C
m/s

 When the movie was made, the air temperature (Tc) was recorded as 27.2°C. Calculate the speed of 
sound in air (vw) on that day. Show your calculations! 

(d) Find the expected value of the ratio fF/fB in terms in terms of your calculated value of the speed of 
sound in air (vw) and your measured value of the speed of the sound source (vs). Hint: Use the 
equation you derived in Part 2(a). Show your calculations and round your answer to three significant 
figures. 

1 Dennis A. Bohn, “Environmental Effects on the Speed of Sound”, Presented at the 83rd Convention of the Audio 
Engineering Society, New York, October 16-19, 1987. Http://www.rane.com/pdf/eespeed.pdf 

vs =    m/s
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(d) Compare your calculated Ratio with Logger Pro frequency measurements: This comparison 
serves as a direct test of the validity of the Doppler Equations. We have recorded the sound pressure 
using a LabPro Sound Sensor placed at the side of the road for about one second before the car 
passes the sound sensor and for about one second after it passes the sensor. In each case the 
Logger Pro a Fast Fourier Transform analysis (FFT) of the sound pressure waves can be used to find 
the predominant frequency just before (fF) and just after (fB) the car passes the roadside sound sensor.

 Start by opening the Logger Pro file entitled <FrequencyShift.cmbl>. Look for the largest peak on the 
FFT graph describing the frequencies between 0 s and 1 s to find the predominant frequency just 
before (fF) the car passes the sensor. Change the scale on the horizontal axis so that you see this 
region in more detail. You can accomplish this by selecting the Additonal Graph Options → FFT
Graph Options from the Options menu or by double clicking on the FFT graph to reset the 
frequencies displayed so that you focus only on the highest amplitude frequencies.  Next, use the 
Examine tool to find the predominant frequency just before (fF) the car passes the sensor.  Repeat 
the procedure between 2 s and 3 s to find the predominant frequency just after (fB) the car passes the 
sensor. Summarize your results in the appropriate spaces below and calculate the ratio fF/fB.

FFT Max 0s to 1s: fF =      Hz

FFT Max 2s to 3s: fB =      Hz                    fF/fB =    

3. Reflections on Your Findings 

(a) How did the ratio fF/fB that was determined from the Doppler Equations (in Part 2 (d)) compare to the 
ratio determined from direct measurements (in Part 2(e))?  Find the percent difference between the 
two results. 

(b) Suppose you are assisting a policeman, who is sitting in stationary cruiser and is pointing his radar 
“gun” at the approaching car. His detector shows the car’s speed. Describe how you could use your 
sound data for the car’s resting frequency f0 and measured frequency fF while moving toward the 
policeman to calculate the speed of an approching car (vs) in order to check the reliability of the radar 
gun.   



LivePhoto Physics Activity 23 Instructor Information 

Physics with Video Analysis 23 - Info 

Doppler Effect: Sound Waves 

This activity requires students to use Logger Pro to analyze video and sound sensor data acquired for a 
car moving at a steady velocity along a straight road with its horn blaring. The purpose of this assignment 
is to have students verify that the Doppler Equations can be used to predict the ratio (fF / fB) of car horn 
frequencies in front of and behind the car as it passes the microphone. 

To complete this assignment students will need to use Doppler equations for an advancing sound source 
and for a receding sound source to derive an equation for the frequency ratio. The calculation of 
predicted ratio of the frequencies, fF / fB, requires students to know the speed of sound waves in air (vw) as 
well as the speed of the moving car horn (vs).

We provide students with an equation for the speed of sound in air as a function of temperature and the 
temperature measurement on the day the video and sound recording was made. However, in order to 
validate the equation they have derived, students need to analyze the video using the Logger Pro video 
analysis tools to determine the value of vs. They also need to use the Logger Pro FFT feature to 
determine the car horn frequencies (fF and fB) in front of and behind the microphone. 

Time to complete as a homework assignment: This is a fairly rigorous assignment—especially for 
students who are weak with mathematics. It will take an hour on longer to complete. We suggest that this 
activity be started as a collaborative in-class activity and then completed as a homework assignment. 
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