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MI-007 v1.0 Title: Guitar  (57 cm) Target Grade Level:  5-12   
Categories Physics / Waves / Sound / Music / Instruments Pira 3D 

Standards US: NSTA Science Content Std B, 5-8: p. 155, 9-12: p. 180  VT: S5-6:29 
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Strings, Timbre, Reflected wave, Standing Wave 
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Note: optional material is highlighted in red.   
 
Workshop:  Guitar (57 cm)  
 
Purpose 
   
The primary purpose of this project is to understand the 
connection between the length of a string and its 
fundamental resonant frequency. This objective is 
accomplished by building and playing 3-string guitar 
made from wood flooring and a plastic bucket.  An 
optional goal is to develop an intuitive understanding of 
the mathematical relationship between the string length 
and the frequency. Extensions of the project could include 
a discussion of the structure of musical scales.  

 
 

Background  
      
A guitar is a musical instrument in the chordophone 
category. Chordophones, commonly referred to as string instruments, produce sounds by 
vibrating strings attached to a hollow object. For the guitar in this workshop, the strings are made 
from monofilament nylon line and the hollow object is a section of a plastic bucket. Other 
chordophones include violins, dulcimers and harps.   
 
The fundamental resonant frequency of a material is the frequency that requires the lowest 
energy to cause the material to vibrate. When a string is plucked, many frequencies are exited, 
but the fundamental frequency will usually be the loudest sound produced. Assuming the 
fundamental frequency is in the audible range for humans, this frequency will be heard as the 
pitch of the object.   
 
In chordophones, multiples of the fundamental frequency (harmonics or overtones) may also be 
produced. The human ear may hear these sounds, but usually identifies the primary pitch as that 
of the fundamental frequency. The combination of the harmonic frequencies is heard as a slight 
change in tone which are partially responsible for what musicians refer to as the timbre 
(pronounced  `tam·bəәr) of the instrument.      

Fig. 1 Three-string guitars with 
adjustable frets in the key of G 
major and the Blues key of G  
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Materials & Tools 
  
Materials per student:  
   (1) Base section of a 5 gallon plastic bucket, 10 cm high 
   (1) Monofilament nylon string, 0.05” dia., 100 cm long  
   (1) Monofilament nylon string, 0.04” dia., 100 cm long 
   (1) Monofilament nylon string, 0.036” dia., 100 cm long 
   (1) Hardwood finger board, 5 cm x 1.9 cm x 80 cm  
   (3) Piano tuning pegs (pre-mounted to finger board)  

(1) Tuning key  
   (1) Hardwood bridge, ~10 cm x 1.5 cm  
   (1) Hardwood tailpiece, ~5 cm x 1.5 cm     
   (4) U-bolts, square end, 1.9 cm wide, 7 cm long 
   (2) ¼-20 lock washers, nuts & bolts, 1 ¼” long     
   (6) 6 -32 lock washers, nuts & bolts, ½” long, wide head 
   (3) Dowel sections, ~0.25 cm dia., 1 cm long    
    
Tools per student: 
   None 
 
Tools per team:  

(1) Flat and half-round files, medium   
(2) Small saw 
(3) Small file 
(2)  C-clamps  
(1)  Drill (with optional drill stand) 
(1) Drill bit set, 3/16”and 5/16”  
(1)  Countersink, #12   

   (1)  Measuring tape, metric 
(1)  Electronic tuner or tuner App   
(1)  Flat file 

 
Tools for Instructor: 
(1) Oscilloscope App (e.g., ) or  PC Oscilloscope (e.g., Winscope 2.51) , preferably with FFT 

frequency display.   
 
Procedure  

 
 
(1) Slide the end of fingerboard without tuning pins into the slot on the side of the bucket 

section so that the pins extend outward from the bottom-side of the bucket.  Use the flat file 
to widen the slot if necessary.   
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(2) Push the fingerboard into the slot until it reaches the opposite side of the bucket.  Center the 
board between the 2 large holes in the bottom of the bucket and clamp it to the bucket with 
a C-clamp. 

 
(3) From inside the bucket, make a mark in the center of the width of the board, 1.5 cm from 

the inside edge of the bucket.  Using the hammer and a nail make a dent in the wood at this 
location. 

 
(4)  Using the 5/16” drill bit, drill a hole through the wood at the mark and continue through the 

bottom of the bucket.  
 
(5) From the bottom side of the bucket, carefully recess the edges of the hole using the 

countersink until the width of the top of the opening is almost as wide as the maximum 
width of the flat head ¼-20 bolts.  Do not over drill.        

 
(6) Insert one of the ¼–20 flat head bolts into the hole from the bottom side of the bucket.  The 

head should lie nearly flat with the bucket surface. Place a lock washer and then a nut on the 
end of the bolt and hand tighten.  

  
 
   
(7) Sample table values and frequency vs. fret position plots are shown below. 

 
 
 
 
 
 
 
 
 
 
 
 

Note Frequency 
(Hz) 

Fret Position 
(cm) 

K Values 
( cm/s ) 

Inverse Length 
(cm-1) 

D4 294.0 60.0 17640 0.0167 
E4 329.6 53.5    
F4

# 370.0 47.7   
G5 392.0 45.0   
A5 440.0 40.1   
B5 493.9 35.7   
C5 523.2 ?   
D5 587.3 ?   

 Average K:  
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(8) There are numerous free oscilloscope software packages available on the internet. If a 

package with amplitude vs. frequency plotting capability can be obtained, it is useful in 
identifying the fundamental and harmonic frequencies of most instruments. A sample 
display from Winscope 2.5.1 (by Konstantin Zeldovich) is shown below for the D4 string 
played on a three-string guitar.  

 
 

Fundamental 
Frequency 

Harmonic 
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Fig. 2 Frequencies of a 3-string, 76-mm guitar as a function of (a) string length 
and (b) inverse string length.   


