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Waves On a String  ~ Project    Name: ________________ 
 
 

Inquiry Question 
Waves are said to be travelling disturbances.  Frequency, period, 
wavelength, and wave velocity are terms associated with waves.  What do 
these terms mean?  Let's examine some of these wave properties with a 
simulation. 

 
When a wave travels along a string it is capable of reflecting back when it encounters the end 
of the string.  What happens during this reflection?  How does the reflecting wave affect the 
incoming waves (aka "incident" waves)? 
What happens when we change the tension of the string?  How does all of this produce sound? 
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Instructions 
Using a pencil, answer the following questions.  The lab is marked based on clarity of 

responses, completeness, neatness, and accuracy. Do your best! Please ensure that 
any data measured (or recorded) includes the appropriate number of significant digits 
(only one uncertain digit). 

This activity is divided into three sections: 
• Core – this first section explores only the basic “core” ideas involved in 

understanding.  Students must demonstrate a sound understand with all of their 
answers in this section BEFORE attempting the next section. 

• Mastery – Your instructor will NOT review this section if the Core section above 
shows any misconceptions.  In this section students will make predictions and apply 
the concepts and ideas learned above.  For complete mastery it is expected that data 
collection and scientific procedures will be as accurate as possible.  All work shown 
should be clear with any units included.  Answers should be rounded off to the 
correct number of significant figures based on the data collected. 

• Ace – Once again, your instructor will only look at this section provided he/she is 
confident that the above Mastery criteria has been met.  In this section students will 
demonstrate a deeper understanding of the concepts through error analysis, 
experimental design etc.  Physics concepts from other units already covered will 
often be required here. 

This Project will be graded according to this Marking Rubric (link). 
 
Core: 
 
Part 1: Wave on a String 
 
In this section, you will be referring to the PHET simulation: Wave on a String.  Click on the 
image below to open the simulation. (or https://phet.colorado.edu/en/simulation/wave-on-a-
string) 
 

 
 

1. Set the damping to zero. 
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2. Wiggle the wrench to create a single pulse on the top side of the string.  Draw your 
observations of this pulse as it travels to the Fixed End and back.  Pay attention to 
pulse width and amplitude when sketching. 
Draw a Fixed End as a solid "dot" 

 
Shape of pulse before reflecting (sketch 
string with pulse travelling right) 
 
 
 
 
 
 
 

Shape of pulse after reflecting (sketch string 
with pulse travelling left) 

 
3. Wiggle the wrench to create a single pulse on the bottom side of the string.  Draw your 

observations of this pulse at it travels to the Fixed End and back. 
 
Shape of pulse before reflecting (sketch 
string with pulse travelling right) 
 
 
 
 
 
 
 

Shape of pulse after reflecting (sketch string 
with pulse travelling left) 

 
4. Describe any similarities or differences between the two cases you have just observed. 

______________________________________________________________________

______________________________________________________________________ 
 

5. Reduce the tension and send another pulse.  Describe the differences between this pulse 
and the previous one.  Be as detailed in your description as possible and use "waves 
terminology". 
______________________________________________________________________

______________________________________________________________________

______________________________________________________________________ 
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6. Change to Loose End and repeat steps 2 and 3.  Draw what you observe for this case.  
 

Shape of pulse before reflecting (sketch 
string with pulse travelling right) 
 
 
 
 
 
 
 

Shape of pulse after reflecting (sketch string 
with pulse travelling left) 

 
7. Compare your observations of the Loose End case to the Fixed End case.  Describe both 

similarities and differences. 
______________________________________________________________________

______________________________________________________________________

______________________________________________________________________ 

 
8. Change to No End and send a pulse down the string.  Draw what you observe for this 

case. 
_____________________________________________________________________ 

 
 
 

9. Summarize your observations: 
 

a. A wave pulse will flip upside down (invert) when it reflects off of 
____________________________________________________. 

 
b. A wave pulse will not flip upside down (remain upright) when it reflects off of 

_______________________________________________. 
 

c. Changing the tension in the string changes the wave’s 
__________________________. 
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10. Change to Oscillate to produce a continuous stream of pulses.  Check the Rulers box 
and the Timer box.  Choose No End. 

a. Do not change the amplitude or tension settings during this experiment.   
b. Use the ruler to measure the wavelength of your wave (the distance from crest to 

crest). 
c. Leave the damping setting at zero. 
d. For five different frequencies, measure the wavelength of the wave produced.  

Record the frequencies and wavelengths in a table below:   
 

Tension setting = ________ (choose the maximum tension setting) 
 

Trial  Frequency (Hz) Wavelength (m) Wave Speed (m/s) 
See below 

1    
2    
3    
4    
5    

 
e. Wave speed is calculated by multiplying frequency and wavelength (v = f λ).  

Calculate the wave speed for each pair of frequencies and wavelengths.  Record 
these values in your table. 
 

f. What is the relationship between frequency and wavelength?  Create a graph of 
wavelength (y-axis) vs frequency (x-axis). 

 

 
 

i.          What type of relationship is depicted on this graph? (circle 
one) 

Linear, Quadratic, Inverse, No Relation (ie wavelength is unaffected by 
frequency) 

ii. Show that this relationship is true by rearranging the universal 
wave equation or by explaining the results. 
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g. What is the relationship between wave speed and frequency?  Create a graph of 
wave speed (y-axis) vs. Frequency (x-axis).  Find an algebraic relationship 
(equation) that relates wave speed and frequency.  Sketch your graph and its fit 
equation. 

 
 

i.          What type of relationship is depicted on this graph? (circle 
one) 

Linear, Quadratic, Inverse, No relation (ie wavespeed is unaffected by 
frequency) 

ii. Show that this relationship is true by rearranging the universal 
wave equation or by explaining the results. 
 

 
 
 

h. Repeat this experiment for a different string tension.  Summarize your results.  
Note that you may use the same frequencies that you previously recorded. 

 
Tension setting = ______ (choose the medium tension setting) 

 
Trial Frequency (Hz) Wavelength (m) Wave Speed (m/s) 

1    
2    
3    
4    
5    

 
How does tension affect wave speed? 
__________________________________________________________________

__________________________________________________________________ 
 

What is the formula for determining wave speed? ____________ 
Does tension appear in this equation?  YES / NO 
 



UNIT 08: Mechanical Waves  BCLN PHYSICS 11  - Rev. Feb, 2019 
 

Page 7 of 16 
 

Based on the answers above, why do you think tension does NOT appear in the 
universal wave equation? 
___________________________________________________________________

___________________________________________________________________

___________________________________________________________________ 
i. Repeat this experiment for a different amplitude and the same tension used 

previously.  Summarize your results.   
 

Tension setting = ______ (choose the medium tension setting) 
 

Trial Frequency (hz) Wavelength (m) Wave Speed (m/s) 
1    
2    
3    
4    
5    

 
How does amplitude affect wave speed?   
___________________________________________________________________ 

 
Explain why Amplitude does NOT appear in the universal wave equation. 
___________________________________________________________________

___________________________________________________________________ 
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Mastery:  
 
Superposition:  In this section we will examine how waves combine when they cross paths.  In 
particular, we will look at how the individual amplitudes combine as they cross.  This is known 
as the Principle of Superposition. 
Open up the simulation below: 
 
https://ophysics.com/w2a.html 
 

1. Constructive Interference:  Create the situation depicted: 
 

 
 
Slide the pulses together so they "just" overlap as shown below.  Then sketch the combined 
wave directly onto the diagram below (the Pulse Sum). 
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2. Now completely overlap the two pulses and sketch the combined wave: 
 

 
 
 

3.  Define Constructive Interference and describe how you determine the amplitude of the 
combined pulse based on the individual amplitudes: 
______________________________________________________________________

______________________________________________________________________

______________________________________________________________________ 
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4. Destructive Interference:  Create the situation depicted: 
 

 
 

5. The two waves overlap between A and C (labelled above).  For each vertical line at 
locations A, B, and C sum up the amplitudes of the two original waves.  Plot this SUM 
on the line below at locations A, B, and C. 
Sum at A:  ______________________ 
Sum at B:  ______________________ 
Sum at C:  ______________________ 

 
6. Define Destructive Interference and describe how you determine the amplitude of the 

combined pulse based on the individual amplitudes: 
______________________________________________________________________

______________________________________________________________________

______________________________________________________________________ 
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Let's return to the PHET simulation: Wave on a String.  Click on the image below to open the 
simulation. (or https://phet.colorado.edu/en/simulation/wave-on-a-string) 
 

 
Select the Pulse feature at the top right of the simulation.  Then set Damping to zero.  To create 
interference set the simulation to Slow Motion mode.  Create one pulse by hitting the green 
Pulse button.  Once the pulse travels a small distance (as shown below), hit PAUSE.  Adjust the 
Amplitude and Pulse Width according to the situation depicted and hit Pulse again (PAUSE off 
at this point. 
 
When the wave travels down the string, it will encounter either a Loose End or a Fixed End and 
then reflect back.  The two pulses will then interfere.   
 
Make up of the STEP button to observe the interference pattern created. 
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1. Create the following pattern using the Pulse settings below.  The picture shows both 
pulses initially moving to the right. 

 
Settings:  Amplitude = 1.0cm, Pulse Width = 0.2s, Select Loose End 

 

 
Sketch the interference pattern once the two pulses completely overlap each other.  Scale the 
pattern appropriately.  Sketch directly onto the picture below: 
 

 
 

Final Amplitude:  ______________________ cm 

Type of Interference: _____________________ 
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2. Create the following pattern using the Pulse settings below:  The picture shows both 
pulses initially moving to the right. 
 

Settings:  Amplitude = 1.0cm, Pulse Width = 0.2s, Select Fixed End 
 

 
 
Sketch the interference pattern once the two pulses completely overlap each other.  Scale the 
pattern appropriately.  Sketch directly onto the picture below: 
 

 
 

Final Amplitude:  ______________________ cm 

Type of Interference: _____________________ 
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3. Create two different sized pulses by hitting the pause button to make the necessary 
changes for the second pulse.  Each pulse will have a width of 0.20s and the picture 
below shows both pulses initially moving to the right.  Fixed End 
 

 
 
Sketch the interference pattern once the two pulses completely overlap each other.  Scale the 
pattern appropriately.  Sketch directly onto the picture below: 
 

 
 

Final Amplitude:  ______________________ cm 

Type of Interference: _____________________ 
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4. Create two different sized pulses by hitting the pause button to make the necessary 
changes for the second pulse.  Loose End  
The picture below shows both pulses initially moving to the right. 
 

 
 
Sketch the interference pattern once the two pulses completely overlap each other.  Scale the 
pattern appropriately.  Sketch directly onto the picture below: 
 

 
 

Final Amplitude:  ______________________ cm 

Type of Interference: _____________________ 
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Ace: 
  
A snapshot graph of a wave pulse moving to the right at 1 m/s is shown below.  At x = 7m, the 
wave pulse encounters an open end (loose end) from which it reflects without losing energy as 
shown in figure (i). On figure (ii) draw a snapshot graph of the string when t = 4s. 

 
 
 
 
 
 

 


