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Wave Mechanics 

Starting with wave mechanics, or more specifically standing waves, it follows then that we should discuss 

wavelength. Denoted by the lower case Greek letter Lambda, λ, it is defined as the distance between successive 

crests (or troughs) of a wave, illustrated below. 

 

Figure 1: Diagram of Wavelength (What is Wavelength 2015)  

This is how guitar strings make musical sounds (whether electric or acoustic). When plucked, a string oscillates at 

a certain wavelength and produces sound at a corresponding frequency or pitch. On an acoustic guitar the ringing 

out of the note is the culmination of more wave mechanics. The body of an acoustic guitar is built in such a way as 

to naturally amplify the vibration of the string; the waves undergo constructive interference inside the body of the 

guitar. This phenomenon is pictured below in figure 2. 

 

Figure 2: Constructive Interference (2015) 



It should be noted that the wavelength remains the same; only the amplitude of the wave is changed. This results in 

an increase of volume of the note. Conversely, most electric guitars are solid body and cannot make use of 

constructive interference. The true essence of an electric guitar in terms of waves, from a physics perspective, is 

the pick-up. A pick-up is an electromagnet, these induce magnetic poles on the metal strings given their proximity. 

So when a string is plucked it induces a voltage change according to Faradays law of electromagnetic induction 

which states that “the magnitude of the electromagnetic force (EMF) induced in the coil is equal to the rate of 

change of flux that linkages with the coil. The flux linkage of the coil is the product of the number of turns in the 

coil and the flux associated with the coil.” (Faraday Law of Electromagnetic Induction 2015) 

 

This voltage change is relayed to an amplifier. The physical vibration of the string (motion energy) is transferred to 

electric energy (via law of induction), which the amplifier reads and converts, back into motion energy in the form 

of sound waves. As such, we have two very different (and scientific) ways to produce musical notes.  

Musical Notes & Frequency 

The nature of musical notes with respect to physics and mathematics is also of interest. How do notes relate 

mathematically? A4 (or Concert A) relates to the A3, which is an octave lower, by a factor of two. That is to say 

that A4 (440 Hz) has a frequency twice that of A3 (220 Hz). Similarly, A3 has a frequency twice that of A2 (110Hz) 
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and so on. Thus, by reducing the frequency (or pitch) by half, we are increasing the wavelength twofold, since 

these two values are inversely proportional according to the formula; 

f  = v/λ 

Where f  is the frequency, λ  is the wavelength and v is the velocity of the wave and can further be calculated using 

the below formula; 

                                                                

Where T is the tension of the string and m/L is the mass of the string per unit length. Tension is an important 

concept for guitar players. Tuning the instrument involves adjusting tuning heads that raise or lower the tension of 

the string.  

Simple Harmonic Motion 

When the open A string is plucked we hear the A4 note oscillating at 440 Hz. This is referred to as the first or 

fundamental harmonic and is pictured below. 

Figure 3: WAVES IN STRINGS (2015) 

  



Here the string is fixed at each end of the guitar (the nut and bridge). There are two nodes at these locations 

denoted by the letter N and one anti-node located at the crest, or trough (not labelled). From this diagram the 

fundamental harmonic has a wavelength (λ1) equal to twice the length provided, i.e. only half of one full 

wavelength will fit between the nut and bridge. Mathematically, this can be written as L = λ1/2. In each successive 

harmonic there is an increase in the number of nodes and anti-notes. The second harmonic has a node located at 

half of the string length.  The illustration below depicts the second harmonic.	    

 

Figure 4: WAVES IN STRINGS (2015) 

The third harmonic below shows one additional node and anti-node.  

 

Figure 5: WAVES IN STRINGS (2015) 
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As can be seen in the figures above the second harmonic has a wavelength (λ2) equal to the length L. Here λ2 = L.  

For the third harmonic wavelength, λ3 = 2/3L and for the fourth (not pictured) λ4 = L/2.  From this data the 

following formula can be surmised; 

λn = (2/n)L 

 

Harmonics and Tuning 

Harmonics can be used to tune a guitar; more specifically the third and fourth harmonics are used. The two nodes 

of the third harmonic are found over the 7th and 19th frets of the guitar. Playing either of these will result in the 

same note as both of them are 1/3 the length of the open string. The relationship between these harmonics and the 

original note is found by going up an octave plus a perfect fifth. From an A4 (440 Hz), moving up an octave would 

result in an A5 (880 Hz). Now we have to move up a perfect fifth (which means we must move seven semi-tones 

from our original note, A4,), which would result in an E note. This can also be done mathematically. A4 has a 

frequency of 440 Hz, the third harmonic has a frequency of 1/3 the length of the string, rearranging the first 

formula above we can express the frequency of this harmonic as three times the frequency of the original note. 

Therefore, multiplying 440 Hz by three we get 1320 Hz, roughly corresponding to the frequency of an E6 note, 

1318.51 Hz. Similarly we can figure out the notes of the 4th harmonic. Found on the fifth (and twenty-fourth) fret 

of the guitar these nodes evenly divide the length of the string by a factor of 4. It follows that the frequency of 

these notes will be four times the original frequency. Therefore, multiplying 440 Hz by four gives us 1760 Hz, 

which is the same frequency as an A6, two octaves above our original note. By matching the third harmonic of a 

string with the fourth harmonic of the string below the instrument can be tuned by ear.  
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