Physics 100 Name:
Mechanical Waves and “western” Music — Part 2: Adding fret marks to a finger board

Formulas/Info:

e To raise frequency by 1 half step, multiply starting frequency by 2%* (or 1.0595)
e To raise frequency by 2 half steps, multiply starting frequency by 2%**(or 1.0595%)
e To raise frequency by n half steps, multiply starting frequency by 2"/12(or 1.0595")
* =fA.
/ ® ﬂ) ZLS“.M;) Jhe wavelength of the fundamental standing wave in a vibrating string is 2 times the length.
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* The “open string” means the string vibrating over its entire length. When you press the string to the
fmgersoard you shorten the vibrating part, so you are no longer playing the open string.
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When a string is strummed (or plucked — or bowed), many types of e Teem—— )
waves travel along it, producing a variety of standing waves. The {““H—-_ —ff,f' :
dominant (loudest) standing wave is called the fundamental. There are &, Fundemeniol (18l Harmonic)

also other harmonics (a.k.a. overtones), which have higher pitch.
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36., Suppose an instrument string is 50cm long, and when the open

string is plucked, its frequency(mz/ ..<J ‘><J @
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a. Draw and label a picture of the fundamental standing wave
that is produced in the vibrating string. Label the nut on m;
the left and the bridge on the right. How many . 4th Barmonie
wavelengths does it represent?
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b. What is the full wav

ength of the waves that are traveling down your string?
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c. What is the relationship between string length and the wavelength of the string’s fundamental
standlng wave?
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d. What is the speed of those waves? 2
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e. The first fret mark on your finger board-needs to correspond to a note that is one half-step higher

than the open string. Whatﬁ[svth@uenc;lbf a note one half step higher than the. 406_h§ pen
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In order to play that note, what wavelength must your string have? [hint: you know the string’s wave

speed] O+ 994
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How long must the vibrating portion of the string be in order to produce that wavelength?
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How far from the nut should the first fret be located? In other words, by what distance must you

shorten your string in order to raise your instrument’s pitch by one half step?
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@ Suppose an instrument string {ﬁ‘f)c;’\l‘mng, and when the open string is plucked, its frequency, is 300hz )

d.
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Draw and label a picture of the fundamental standing wave that is produced in the vibrating string.
Label the nut on the left and the bridge on the right. How many wavelengths does it represent?
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,/5. | What is the full wavelength of the waves that are traveling down your string?
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d. What is the speed of those waves?
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What is the relationship between string length and the wavelength of the string’s fundamental

standing wave? _ /7
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than the open string. What is the frequency of a note two half steps higher than the open string?
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In order to play that note, what wavelength must your string have? [hmt you know the string’s wave
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g. How long must the vibrating portion of the string be in order to produce that wavelength?

" s a - 0f 7/’"\ \
AJ"(hy ; T —— (> 0035"1\

h. How far from the nut should the second fret be located? In other words, by what distance must you
shorten your string-in.order to raise your instrument’s pitch by one half step?
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38. Suppose an ifistrument string is 60cm long, and when the open string is plucked, its frequency is 500hz.

a. What is the full wavelength of the waves that are traveling down your string?
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Z

b. What is the speed of those waves?
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c. The first fret mark on your finger board needs to correspond to a note that is one half-step higher
than the open string. What is the frequency of a note one half step higher than the 500hz open
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d. Inorder to play that note, what wavelength must your string have? [hint: you know the string’s wave

speed] . v _ 5&3«[3
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@ How long must the vibrating portion of the string be in order to produce that wavelength?
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f. ) How far from the nut should the first fret be located? In other words, by what distance must you
shorten your string in order to raise your instrument’s pitch by one half step?
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i.  The second fret mark on your finger board needs to correspond to a note that is two half-steps higher
than the open string. What is the frequency of a ngte two half steps higher than the pen string?.
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In order to play that note, what wavelength must your string have? [hint: you know the string’s wave

speed]
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How long must the vibrating portion of the string be in order to produce that wavelength?
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How far from the nut should the second fret be located? In other words, by what distance must you
shorten your string in order to raise your instrument’s pitch by one half step?
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