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ü it were, Le. ü it contained ~aetly similar positive and negative 
loops, it eould not eontain even harmonies. The addition of the 
second harmonie has caused the eentre of the wave to move slightly 
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h" frequeney. . 
Let us now see wh at happens if we add a third harmonie ' only 
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F JG, 22. AnDrrIuN OF FIFTH HAR.MONI(:j 

\ 9 thc sin<; wave. The effect of this is shown in Fig. 2 I, from which 
it qm be seen that the composit!! wave is now symmetrieal in eaeh 
half, and clearly this is b~eause the third harmonic has .a node at 
this point on the time base instead of a Ioop. Thc fVIther effeet 
of adding a fifth harmonic can be seen in Fig. 22. 

If now we take a case where the frequency differenee is mueh 
greater, and cxtend it to cover aseries of waves, we ean see the 
dTect more clearly. Fig. 23 sho~s thc composite wave form resulting 
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if it were, i.e. if it eontained exaetly similar positive and negative 
loops, it eould not eontain even harmonics. The addition of the 
seeond harmonie has eaused the centre of the wave to move slightly 
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FIG. 21. ADDITION OF THIRD HARMoNie 

to the left, because this is the middle of a loop at seeond harmonie 
frequeney. . 

Let us now see what happens if we add a third harmonie ' only 
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FIG. 22. ADDITION OF FIFTH BARMONIC; 

to thc sine wave. The effeet of this is shown in Fig. 2 I, from whieh 
it can be seen that the eomposite wave is now symmetrical in eaeh 
half, and c1early this is because the third harmonie has .a node at 
this point on the time base instead of a loop. The further effeet 
of adding a fifth harmonie ean be seen in Fig. 22. 

If now we take a ease where the frequeney differenee is mueh 
greater, and extend it to cover aseries of waves, we ean see the 
effect more clearly. Fig. 23 shows the eomposite wave fqrm resulting 
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PRODUCTION AND MIXING OF ELECTRICAL OSCILLATIONS 

from the addition of a fundamental frequency and anoth!!r frequency 
of ratio 6! to I. This is not a particularly musical sound. 

It has previously been stated that the very rapid steeply fron ted 
characteristic of a transient sound eontains a wide band of 
frequencies. Such a wave form, if sustained for a time, rnight be 
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FIG. 23 . ADDITION OF Two WAVES OF WIDELY DIFFERING FREQUJ>NClES 

FIG. 24. FORMATION OF SQUARE WAVE FROM ÜDD HARMONICS 

represented by Fig. 24. When the form shown is syminetrically 
repeated, this is known as a square wave. Its special property is 
that it contains only 'Odd harmonics in addition to the fundamental. 
The square wave is exceedingly. useful in musical synthesis, as all 
"hollow" sounding tones eonsist principally of odd harmonics. 
Several cireuits for produeing such wave forms either directly or 
from some other kind of wave are shown later in this chapter. The 
harmonie intensity of a . symmetrical square wave is shown in Fig. 
25· 

A special ease is shown in Fig. 26. If the mid-point of a string is 
stretehed we obtain a "curve" with approximately straight sides . . 
Nevertheless this can be resolved into its eonstituent harmonics 
and the analysis is sho'Yn in the figure. The height of the wave 
crests is exaggerated for clearness. As we have already seen, if the 
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