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THE PHENOMENON OF BEATS AND THEIR CAUSES 
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Abstract. 

The tuner who guesses off his beats ends up with an inaccurately tuned 
musical instrument. No piano tuner can tune a piano or organ accurately 
without using some physical measuring device for timing the beats. No 
matter how good an ear thinks it is, he cannot realize the potentials unless he 
has a comprehensive knowledge of the physical laws governing the 
vibration of strings and other sonorous bodies. Upon these scientific 
principles of sound, and tonal relationships, that the piano is based, and 
unless the piano technician or tuner understand this, (Its potentials and its 
limitations) he can hardly expect to service it successfully. Based on this, 
this paper tends to discuss knowing the importance of the interference 
between two sound wave occurrences known as “beats”.     

 
Beats- An important example of interference between two sets of sound wave occurs when 

the sources differ only slightly in frequency, or in other words, the waves from one source are nearly 
equal to those from the other source. 

The beats are the yardstick for measuring the pitch of musical tones. Piano and organ tuner 
rely on beats for setting the “pattern scale” or temperament and for tuning the octave, and unison’s 
and all other intervals. 
For an explanation of beats and what causes them, let us turn our attention to the great nineteenth 
century physics, Herman Von Helmholtz who stated that: 

   
“Tones of the same, or of nearly the same pitch, which therefore affect the same nerve fibers 
do  not produce a sensation which is the sum of the two they would have separated excited, 
but new  and peculiar phenomena arises by two perfectly equal simple tones, and beats when 
due to two nearly equal simple tones”. 
 

In addition, he further stated:  
 
“That the number of beats in a given time is equal to the difference of the number of 
vibrations executed by the two tones in the same time”.  
 
Redfield, describes beats a little differently, but for all practical purpose means the same 

thing. The frequency of the beats will equal to the difference of the partials producing the beats. If two 
tones sounding at the same time have a partial in one tone of precisely the same frequency as a partial 
in the other tone, then both partials work together to produce a tone having their common frequency 
and an intensity greater than that of either of the partials under consideration, i.e. when one partial 
tone operates to produce a condensation, in the atmosphere the other partial is also operating to 
produce a rare faction the other partial is likewise operating to produce a rare faction. Thus, the two 
partials together are able to produce a condensation greater than either one alone and a rare fraction 
greater than would either one alone, and the resulting tone is therefore at intensity greater than that of 
either partial alone. But if the frequencies of the two partials are not precisely the same then, no matter 
whether they start out working together or not, there will come to a time when they will be working in 
opposition to each other, one operating to produce a condensation when the other is operating to 
produce a rare fraction. When this moment of opposition occurs, then the intensity of the resulting 
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tone is less than that of either partial. There will also come a time when they will be working together, 
and when the intensity of the resulting tone is greater than that of either. And this repeated waxing and 
warning of intensity in the tone produced by the two partials constitutes the phenomena called Beat. 

 
To understand the above statements some clarifications are required. Let use tones of the 

same or of nearly the same pitch”. Let us say for example, a string or string or strings pitched at, or 
near A-440 cps, second space, and treble clef. In the piano scale there are three strings for this A, 
possibly two strings on the contra octave, A-55 cps, three octave below, and one string on the lowest 
A, or sub A, which has a frequency of 27.5 cps. The A-440 cps will be the focal point in this 
discussion. Since tuning is usually done with not more than two strings sounding at any one time, one 
of the three strings of A-440 cps will be muted out and forgotten for the time being. The remaining 
unison, then, will be referred to as a simple tone. For the sake of simplicity, it will be assumed that 
one of the strings is exactly at A-440 cps and that the other string is at A-441 cps. Both affect the 
same nerve fibers at our hearing but they do not produce the sensation, which would be the sum of the 
two they would have separately excited. Instead, they produce strange phenomena called interference. 
Because of the slight difference of pitch, beat arise as the result of the interference or differential of 
what would otherwise be two equal, simple tones. 

 
The chart, below is an arranged table for quick reference in the studying and understanding of 

beats rates for the various intervals. Note that beat rates are figured for the difference in the 
frequencies in the small octave cup to and including middle C, which will be the octave for 
temperament setting. For example, the low c to e, major third, beats at 5:13, e to g# (enharmonic a 
flat) to middle C beats at 8.14, etc. Study this chart, and it will reveal many possibilities for it use. 

 
 

 
 
Von Helmholtz stated that: 
 
 “The number of beats in a given time is equal to the difference in the number of                                 
vibrations executed by the two tones in the same time”.  

 
Thus, if one string vibrates A-440 time in one second, and the other string vibrates441 times 

in one second, then the difference is one vibration, or one beat. This one vibration beat difference 
holds true only for the unison, or simple tone. In compound tones, or intervals of a more complex 
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nature, a difference of one vibration would result in two or more beats, because of the ratio of that 
particular interval in relation to the fundamental tone.  

 
 For example, if the octave of A -440 is off one cycle, on one vibration from two beats, instead 
of one beat as in the unison, because the octave vibrates twice as fast as the unison. In other words 
880/440 would be the true ratios of the two strings were in tune (and the ratio. Of 212, by the way is 
the only interval that is in perfect tune in equal temperament). But when the frequencies are 881/400, 
one vibration sharp will mean that the octave A-881 is now two beats sharp. The ratio 882/440, two 
cycles sharp, would produce four beats sharp. While 883/440, three cycle above the 2/1 ratio would 
produce six beats sharp. Etc. conversely, 879/440,878/440, and 877/440 would result in two, four and 
six beats flat, respectively.  

 A comparison of other intervals shows different result. For example, the interval 3.2 is the 
interval of the perfect (5th) fifty. Here, one cycle sharp would result in a difference of three beats 
sharp. And with a difference of two cycles sharp instead of the true ratio, the number of beats per 
second would be 2x3 or six beats sharp. Another example is the 4/3 ratio, or an interval of a perfect 
(4th) fourth. One cycle sharp from the true ratio would result in four beats per second sharp. Beats 
occur at the same speed whether the differential is on the sharp or flat side. But the most important 
thing to remember is that the first example give above is with difference to simple tone, while the 
others are with difference to compound tone. These two rules should be committed to memory.  

 To comprehend the complexities involved in the study of compound tones, one must realize 
that where two sound waves follow along the same line, there is nor interference. Instead a smooth, 
musical, bell-like tone sounds – a pure tone with all the partial tones in perfect agreement, in phase, 
and sounding the same. The combined strength of any two tones tuned to the same pitch gives twice 
as much intensity as either tone has separately and when three strings tuned to the same pitch, the 
volume is three times their individual power. When the sound wave run together, tuned to the same 
pitch, the volume is three times their individual power. When the sound waves run together, tuned to 
the same pitch, the rarefaction and condensation are said to be in perfect agreement and coinciding 
with each other. In the illustration below, note how the curves rise and fall at the same time.  

 
 

Theoretically, it is possible to produce two simple tones coinciding with each other. But 
actually, two simple tones of exactly the same pitch, struck or sounded simultaneously, would result 
in absolute silence. To produce this effect, the waves would have to be of equal length, equal 
amplitude and traveling in the same direction, as illustrated below   

 
The explanation lies in the fact that the sound wave rising and falling in opposite direction 

would completely annihilate each other. When the effects of sound waves are cancelled within the ear, 
the sensation of sound ceases. In the scientific experiment with the bell jar, the sound is still existent 
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in a sense, for one can see the bell still clapping, but because the air has been removed and no 
vibrations inch the ear, the sound is not audible.  

 According to Helmholtz, when it so happens that the vibration impulses due to the other, and 
exactly counterbalance each other, no motion can possibly ensues in the ear, and hence the auditory 
nerve can experience no sensation. 

 A very good example of this physical law is take two organ pipes exactly alike and at the 
same frequency well placed in such a position that the “mouth” and the “lips” are facing each other 
when they are sounded separately, they have a normal tone. When they are sounded together, the 
column of air at pipe number two moves into the mouth of pipe number one. and there would be no 
sound except the gushing of air. If one has doubts of this statement, all you need do is to try the 
experiment himself.  
 
 There is one more point that must be considered here, and that is “coincidental partials”. To 
coincide is really to make alike, or to make something the same as something else. Here the word 
“partial” refers to the subdivisions of the fundamental or prime tone.  
 
 To run a simple experiment, place the finger highly but exactly on the halfway point of any 
vibrating string and you will immediately hear a subdued sound exactly one octave above the 
generating tone. To place the finger at a point one-third the length of the string will sound a pure fifty; 
one-forth the length of the string will sound the second octave; one fifth the length of string will 
sound the major third: etc. where the tone sounds the upper partial tones, is called a node, while at the 
maximum point of intensity of the tone or partial being sounded, just before diminishing, is the anti-
node. And the complete wave form is called the tone phase.  
 
 To coincide the partial tones of two different fundamental tones or of a compound tone 
simply means to eliminate the beats which may arise as a result of the difference or interference 
caused by an imperfect interval, the interval of the fifth, for example. The perfect fifth is expressed in 
its relation to the fundamental or generating tone, by the ration 3/2. Here we have the generating tone 
C plus the generating tone G, which is a perfect fifty upward. Now the third partial of the generating 
tone C is G, a twelfth above; also the sixth partial of the generating tone C is the second, G, the 
Octave above the twelfth. Now the second partial of the generating tone G. is its octave G, above’ also 
the fourth partial of the generating tone G is G, the second octave above. Now when the third and 
sixth partials of the generating tone C coincide with the second and fourth partials of the generating 
tone G that is, when there is no beat detected by the ear, or called zero beat. The partials of this perfect 
fifth interval are said to be coincident, or coinciding. When the partial do not agree, beats arise as a 
result of interference.  
 
 In equal Temperament, the only true interval  is the octave, and the process involved in 
equaling the scale forces the piano tuner to generate beats in all the other intervals – some more than 
others. In some instances, for example the perfect fifth, the interval is so imperceptibly flat that only 
the most highly trained ears would be aware of it. And the tempered fifth is only 0.24 of one 
vibration, 0.36 of a beat flat, which would be equivalent to approximately minus 2 cents.  
 
Conclusion.  

The upper partials –Those with extremely high harmonies which are beyond the normal 
hearing range, must also be considered. The piano tuner must also be considered. The piano tuner 
must train his ear in order to detect the partials as  up as possible, because the intensity of the upper 
partials tends to diminish in power as the number increases when the prime tone agree sufficiently, 
beats are scarcely audible in the upper partials, and it takes a very highly trained ear to detect them. 
The perfect octane, the fifth and the fourth as explained previously are known as consonant intervals 
and the adjacent intervals-seconds, third, sixth, and sevenths-are known as dissonant intervals.  
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Because in each consonant interval, the upper partials form a dissonance which coincides in 

one of the adjacent consonant intervals.  
At this stage a student training to be a piano technician or tuner, must learn to listen for beats – first in 
the unison, then in the octave, and then in the fifth.  
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