Question 1 (i):

First-order beats
 occur when two signals of similar frequency are superimposed. Roederer (1995, p.34
) defines first-order superposition effects as being: 1) ‘mechanical, occurring in the cochlear fluid and along the basilar membrane’ and 2) ‘clearly distinguishable and of fairly easy access to psychoacoustic experimentation’. Where the difference in frequencies (Δf) is small enough, a beating sensation may be perceived.

A linear (coherent) superposition is where both signals are of the same frequency and with the same initial phase. The resulting superposition does not alter the frequency or the phase. However, the amplitude of the superposition becomes the  sum of the two signals. 

A non-linear (incoherent) superposition  occurs when there is a frequency or phase difference between the signals. As the phase difference between the signals changes over time, an interference pattern occurs. The pattern varies from constructive interference (maxima) at 0 rad
 phase difference, to destructive interference (null) at π rad phase difference. 

The frequency at which the beat sensation occurs is the difference between the signals:

Δf = |f2 – f1|
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Figure 1.1 – First-Order Beats
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Figure 1.3
– Critical Band Exceeded
Figure 1.1 illustrates a graphical representation of first-order beats. It can be seen that the amplitude envelope is modulated according to the frequency difference (1 Hz). Therefore, the period (T) at which the beat occurs is 1 second. 

Question 1(ii):

The ‘sound’ function was utilized in MATLAB
 to listen to the summed waveform (see Appendix 1). The critical band (Fcb) was observed. As Δf increased, the perceived rate at which beats occurred increased until approximately 20Hz
, where frequency discrimination (explained in Q.2(ii)) became apparent. The lower frequency limit of human hearing is widely regarded to be in the region of 20 Hz. Therefore, it may be deduced that beats occurring at a frequency greater than 20 Hz will not be noticeable. It was observed that there was an unpleasant ’roughness’ to the sound until Δf exceeded the critical band of approximately 40 Hz, giving way to ’smoothness’. 
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