

Wave Equation and Measurement Related to a Fret Board

Description of Activity
· To measure the fret spacing on a guitar rounded to the correct number of significant figures, convert metric units, and perform calculations with the wave equation. 
· The purpose is to practice the following: taking measurements that are rounded to the correct number of significant figures, metric unit conversions, and calculations with the wave equation. 
· Chemistry, Physics, Physical Science


Learning Objectives:

1. Students will be able to measure a length and round it to the correct number of significant figures.
2. Students will be able to convert from one metric unit to another. 
3. Students will calculate wavelength and frequency using the wave equation (speed = λ·ν). 


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.




Materials Required:

· Cardboard or laminated cutouts of a guitar (1 for each group) with the appropriate wavelengths   
       and/or frequencies for each fret (only provide 1 number, frequency or wavelength, for each fret)
· Handout for each student to create a diagram of their fret board with measurements and 
      calculations 
· Meter sticks
· Dry erase markers
· White board erasers or rags

Safety:

safetys:




· None 






References:

· Scale length of different guitars:
http://www.stewmac.com/How-To/Online_Resources/Learn_About_Guitar_and_Instrument_Fretting_and_Fretw/Scale_Length_Explained.html
· Speed of a particular guitar string & using the wave equation
http://www.physicsclassroom.com/class/sound/Lesson-5/Guitar-Strings




































 
Activity:
Name____________________________________________   Date________________   Per_____

Wave Equation and Measurement Related to a Fret Board

An electric guitar is a beautiful and complex instrument capable of creating sounds that have inspired and moved millions of people. In order to do this a guitar has to have its frets, bridge, and nut properly spaced as well as the proper tension on each string in order for the instrument to be in tune. Additionally, every string on a guitar has to have a particular frequency in order for the sound of all the strings to properly work together. Each string’s frequency is inversely related to the wavelength of the particular wave created on it.  However, by pressing on different frets this wavelength, and thus the frequency can be changed, allowing different notes to be played on a single string. The equation that relates frequency and wavelength is speed = λ·ν where λ is the wavelength in meters (m) and ν is the frequency in hertz (Hz). For this lab we are going to assume that the speed of all the waves created on the high E string is 350 m/s. 

Your job is to do the following:
1.  Calculate the proper wavelength and/or frequency of the high E string for the first 12 frets
2.  Measure the distance from the bridge to each fret (rounded to the correct number of significant figures)

Scale Length (distance from nut to bridge)
Distance from 1st fret to bridge
Distance from 4th fret to bridge



Open string: Frequency 329.6 Hz  Wavelength___________   Scale Length ________
1st Fret: Frequency 349.2 Hz   Wavelength_________   bridge to 1st fret ___________
2nd Fret: Frequency 370.0 Hz  Wavelength_________  bridge to 2nd fret ___________
3rd Fret: Frequency _________ Wavelength 0.893 m   bridge to 3rd fret ___________
4th Fret: Frequency _________ Wavelength 0.843 m   bridge to 4th fret ___________
5th Fret: Frequency 440.0 Hz   Wavelength_________   bridge to 5th fret ___________
6th Fret: Frequency_________     Wavelength 751 mm  bridge to 6th fret ___________
9th Fret: Frequency_________     Wavelength 0.631 m  bridge to 9th fret ___________
12th Fret: Frequency_________  Wavelength 531 mm   bridge to 12th fret __________
7th Fret: Frequency_________   Wavelength 709 mm   bridge to 7th fret ___________
11th Fret: Frequency  622.3 HZ  Wavelength_________  bridge to 11th fret _________
8th Fret: Frequency  523.3 HZ   Wavelength_________  bridge to 8th fret __________
10th Fret: Frequency 587.3 HZ   Wavelength_________  bridge to 10th fret _________










For the open high E string and for frets 1-12 of the high E string use the data on the previous page to calculate either the wavelength or frequency of the wave (depending on which you are given). Show your work below using the format provided in this example:

speed = λ·ν

425 m/s = λ · 233 Hz
233 Hz	       233 Hz
1.82 m = λ








Open String						4th Fret










1st fret							5th Fret









2nd Fret							6th Fret








3rd Fret							7th Fret



8th Fret							12th Fret










9th Fret










10th Fret










11th Fret 














Answer Key 
Open string: Frequency 329.6 Hz  Wavelength 1.062 m   Scale Length ________
1st Fret: Frequency 349.2 Hz   Wavelength 1.002 m   bridge to 1st fret ___________
2nd Fret: Frequency 370.0 Hz  Wavelength 0.9459 m  bridge to 2nd fret ___________
3rd Fret: Frequency 392 Hz Wavelength 0.893 m   bridge to 3rd fret ___________
 4th Fret: Frequency 415 Hz Wavelength 0.843 m   bridge to 4th fret ___________
5th Fret: Frequency 440.0 Hz   Wavelength 0.7955 m   bridge to 5th fret ___________
6th Fret: Frequency 466 Hz     Wavelength 751 mm  bridge to 6th fret ___________
9th Fret: Frequency 555 Hz     Wavelength 0.631 m  bridge to 9th fret ___________
12th Fret: Frequency 659 Hz  Wavelength 531 mm   bridge to 12th fret __________
7th Fret: Frequency 494 Hz  Wavelength 709 mm   bridge to 7th fret ___________
11th Fret: Frequency  622.3 Hz  Wavelength 0.5624 m  bridge to 11th fret _________
8th Fret: Frequency  523.3 Hz   Wavelength 0.6688 m  bridge to 8th fret __________
 10th Fret: Frequency 587.3 Hz  Wavelength 0.5959 m bridge to 10th fret _________










Quiz:

Name: ____________________________________________     Date: _____________   Period: ____


1. Scale length is _________________________________.
a. the distance from the first fret to the nut      b. the distance from the bridge to the nut
c. the wavelength of an open string	           d. the distance between any 2 adjacent frets 


2. Frequency is ________________  related to the wavelength of a wave.
a. directly 	b. exponentially 	c. inversely 	d. indirectly 

3. Which is the correct equation for the speed of a wave?
a. speed = λ·ν	b. speed = wavelength · frequency 	c. speed = λ/ν	d. both a & b

4. As wavelength decrease what happens to frequency? 
a. it increases	b. it decreases 	c. it remains constant	d. it is unpredictable 

5. As you press down on higher numbered frets what happens to the frequency of the note played?
a. it increases	b. it decreases 	c. it remains constant	d. it is unpredictable 

6. Measure the length of this pencil to the correct number of significant figures in inches. 
[image: ]

a. 9.5 cm	b. 9 cm		c. 9.500 cm	d. 9.50 cm

7. The frequency of a wave moving at a speed of 544 m/s is 677 Hz. What is the wavelength of this wave?
a. 0.803 m 	b. 80.3 mm	c. 375000 m	d. 1.24 m 

8. The wavelength of a wave moving at a speed of 89 m/s is 4220 mm. What is the frequency of this wave?
a. 0.021 Hz	b. 0.047 Hz	c. 380 Hz	d. 21 Hz

9. Convert this length into meters: 3366 mm
a. 33.66 m	b. 3366000 m	c. 3.366 m 	d. 0.3366 m 

10. Convert this length into millimeters: 0.029 m
a. 29 mm		b. 0.000029 mm	c. 2.9 mm	d. 290 mm



Quiz Key:

Name: ____________________________________________     Date: _____________   Period: ____


1. Scale length is _________________________________.
a. the distance from the first fret to the nut      b. the distance from the bridge to the nut
c. the wavelength of an open string	           d. the distance between any 2 adjacent frets 


2. Frequency is ________________  related to the wavelength of a wave.
a. directly 	b. exponentially 	c. inversely 	d. indirectly 

3. Which is the correct equation for the speed of a wave?
a. speed = λ·ν	b. speed = wavelength · frequency 	c. speed = λ/ν	d. both a & b

4. As wavelength decrease what happens to frequency? 
a. it increases	b. it decreases 	c. it remains constant	d. it is unpredictable 

5. As you press down on higher numbered frets what happens to the frequency of the note played?
a. it increases	b. it decreases 	c. it remains constant	d. it is unpredictable 

6. Measure the length of this pencil to the correct number of significant figures in cm. 
[image: ]

a. 9.5 cm	b. 9 cm		c. 9.500 cm	d. 9.50 cm 

7. The frequency of a wave moving at a speed of 544 m/s is 677 Hz. What is the wavelength of this wave?
a. 0.803 m 	b. 80.3 mm	c. 375000 m	d. 1.24 m 

8. The wavelength of a wave moving at a speed of 89 m/s is 4220 mm. What is the frequency of this wave?
a. 0.021 Hz	b. 0.047 Hz	c. 380 Hz	d. 21 Hz

9. Convert this length into meters: 3366 mm
a. 33.66 m	b. 3366000 m	c. 3.366 m 	d. 0.3366 m 

10. Convert this length into millimeters: 0.029 m
a. 29 mm		b. 0.000029 mm	c. 2.9 mm	d. 290 mm



Reviewing Faculty Cohort Members:

· Brook Jaentsch North Medford High School
· [bookmark: _GoBack]Matt Sniffen North Medford High School
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