

Standing waves on a String

Name: Matthew Sniffen
Contact: matthew.sniffen@medford.k12.or.us 

Subject/Grade:  This activity was developed for a high school algebra-based physics course, or high school Algebra II course.

When waves on a string strike a fixed barrier they reflect back and interfere with other waves on the string.  A standing wave pattern is created when the interference occurs in such a way that some points on the string appear to be standing still.  These still points are called nodes.  When a guitar string vibrates at its fundamental frequency, the nodes of the wave are located at the nut and at the bridge, which means the full wavelength of the wave is twice the scale length of the guitar.

[image: http://hyperphysics.phy-astr.gsu.edu/hbase/Waves/imgwav/vibstr1.gif] 



The basic wave equation states that the frequency of a wave can be determined by the formula .  From this, we can see that if the wavelength is fixed, the frequency of the wave is dependent on the wave’s velocity.  In this activity, you will explore some of the factors that affect the velocity of a wave, and therefore the frequency of the vibrations and the pitch of sound that is created.


Learning Objectives:

1. Students will be able to describe the relationships between the wavelength, frequency, and velocity of a wave on a string.
2. Students will be able to describe the effect of tension on the velocity of a wave.
3. Students will be able to calculate the velocity of a wave needed to create a particular frequency (pitch) on a guitar string.



Standards:



Next Generation Science Standards
HS-PS4-1 : Use mathematical representations to support a claim regarding relationships among the frequency, wavelength, and speed of waves traveling in various media.

Common Core State Standards
ELA/Literacy -
RST.11-12.7: Integrate and evaluate multiple sources of information presented in diverse formats and media (e.g., quantitative data, video, multimedia) in order to address a question or solve a problem. 

Mathematics -
MP.2:  Reason abstractly and quantitatively. 
MP.4:  Model with mathematics. 
HSA-SSE.A.1:  Interpret expressions that represent a quantity in terms of its context.
HSA-SSE.B.3: Choose and produce an equivalent form of an expression to reveal and explain properties of the quantity represented by the expression. 
HSA.CED.A.4: Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving equations. 





Materials Required:

Part I
· length of string and pulley
· Set of small masses
· audio generator
· vibration generator
· meterstick

Part II
· guitar
· oscilloscope / tuning app
· meterstick (or fret length calculations)

Safety:

safetys:




N/A 

References:

http://www.physicsclassroom.com/class/sound/Lesson-4/Standing-Wave-Patterns 
http://www.physicsclassroom.com/class/sound/Lesson-5/Guitar-Strings











Activity:

Part I: Tension and VelocityOscillator
Function Generator

Procedure:
1. Set up the equipment as shown in the diagram, hanging the 20g weight from the end of the string. 

2. Use Newton’s 2nd Law to determine the tension in the string, ignoring any friction in the pulley.  Record this tension in the data table below for trial #1.
3. Turn on the audio generator and adjust the frequency until you have a standing wave pattern with three loops (anti-nodes) on your string.
4. Measure the wavelength of the standing wave pattern.
5. Record the wavelength and the frequency from the generator in the data table below.
6. Calculate the velocity of the wave.
7. Repeat steps 1-6 for different masses hanging from the end of the string. 
 
Data:
	Mass (g)
	String Tension (N)
	Frequency (Hz)
	Wavelength (m)
	Velocity (m/s)

	
	 
	 
	 
	 

	
	 
	 
	 
	 

	
	 
	 
	 
	 

	
	 
	 
	 
	 

	
	
	
	
	


 
Analysis: 
1. What do you notice about your wavelength measurements?  Why do you think this is?
2. Make a graph of Velocity vs String Tension and a graph of String Tension vs Frequency.
3. What seems to be the relationship between String Tension and Velocity?
4. What seems to be the relationship between String Tension and Frequency (pitch)?





Part II: Wavelength and Frequency
Procedure:
1. Connect the pickup output to the oscilloscope, or set up tuning app to measure frequency.
2. Play a single, open string and note the frequency.  (Bring the string into tune if desired).

Open Frequency: _______________

3. Using the frequency from step 2, and the scale length of your guitar, find the velocity of the wave on the string.

Velocity: ________________

4. Now find the distance between your bridge and the first fret on the guitar.  Using this wavelength and the velocity from step 3, find the new frequency of the wave on the string.

1st Fret Frequency: ________________

5. Now play the  first fret on the guitar and measure the frequency on the oscilloscope / tuning app.  Was your prediction from step 4 correct?  Find the percent difference.



6. Using at least 5 additional frets, complete the table below.

	Fret
	Wavelength (m)
	Predicted Frequency (Hz)
	Measured Frequency (Hz)

	
	 
	 
	 

	
	 
	 
	 

	
	 
	 
	 

	
	 
	 
	 

	
	
	
	



7. Create a graph of Frequency vs Wavelength, including both your predicted frequencies and your measured frequencies on the same axes.

8. What relationship seems to exist between frequency and wavelength?


9. What differences do you observe between your predicted and your measured frequencies?  What could account for these differences?


Quiz:

1. If a guitar has a scale length 64.8 cm (25.5 in), what is the full wavelength of the wave on the string?
(A) 32.4 cm		(B) 64.8 cm		(C) 129.5 cm		(D) 51 cm

2. What is the velocity of a wave that has a frequency of 440 Hz and a wavelength of 129.5 cm (51 in)?
(A) 3.40 cm/s		(B) 57,000 cm/s 	(C) .294 cm/s		(D) 22,400 cm/s

3. An open string has a frequency of 82.4 Hz.  What would be the frequency of the string if you were to play the 12th fret (half the scale length)?
(A) 82.4 Hz		(B) 164.8 Hz		(C) 41.2 Hz		(D) 20.6 Hz

4. When you press the guitar string at a higher fret, what properties of the wave are you changing?
(A) wavelength only			(B) frequency only	
(C) wavelength and frequency	(D) wavelength, frequency, and velocity

5. When you press the guitar string at a higher fret, what property of the wave remains constant?
(A) amplitude		(B) wavelength	(C) frequency		(D) velocity

6. Alden is tuning his guitar and notices that it is a bit flat.  Should he increase or decrease the tension on the wires?
(A) Increase, because higher tension will result in a higher velocity and frequency on the string.
(B) Increase, because higher tension will result in a longer wavelength and higher frequency on the string.
(C) Decrease, because lower tension will result in a higher velocity and frequency on the string.	(D) Decrease, because lower tension will result in a longer wavelength and higher frequency on the string.

7. Metal guitar strings shrink in cold weather.  What affect will this have on the tuning of a guitar? 
(A) Higher pitch because the tension will increase.
(B) Lower pitch because the tension will decrease.
(C) Higher pitch because the wavelength will increase.
(D) Lower pitch because the wavelength will decrease.

8. A Gibson guitar has a scale length of 628 mm (24.75 in) as compared to a scale length of 648 mm (25.5 in) on a Fender guitar.  If the two guitars are tuned to the same pitch (frequency), which guitar has the higher velocity on the strings? 
(A) Gibson	(B) Fender

9. In order to achieve this higher velocity, which guitar’s strings must be under more tension?
(A) Gibson	(B) Fender

10. A heavier guitar string requires more tension to achieve a particular wave velocity.  If a student changes to a larger gauge string on their guitar what additional action will they have to take?
(A) Increase the tension to account for the longer wavelength.
(B) Decrease the tension to account for the longer wavelength.
(C) Increase the tension to account for the heavier mass of the string.
(D) Decrease the tension to account for the heavier mass of the string.


Answer Key
1. (A) 129.5 mm
2. (B) 57,000 cm/s
3. (C) 164.8 Hz
4. (C) wavelength and frequency
5. (D) velocity
6. (A) Increase, because higher tension will result in a higher velocity and frequency on the string.
7. (A) Higher pitch because the tension will increase.
8. (B) Fender
9. (B) Fender
10. (C) Increase the tension to account for the heavier mass of the string.
2
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