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sounds is to use artificial listening conditions, for example, by listening to a passage 
reversed in time, or reproducing the phrase slower. 

In the present experiment, a phrase in the middle range of a piano (G4 - A4 - B4 - C5 - 
B4 - A4 - G4) played legato at mezzo forte level with a rate of about 5 tones per second, 
was recorded for detailed analysis'. 

Listening to the passage confirmed that there was 
a distinctive and clear pitch sensation for every note in the phrase 
no evident audible difference in the character of the same tone between ascending 
and descending passages, respectively. 

Inspection of the waveform (see Fig. 1) showed that 
the attack was fast and the decay slow. The duration of the attack part up to full 
amplitude was about 20 - 40 ms, while the time for a complete decay was of the 
order of 1 s (if not terminated by the dampers.) 
the notes were overlapping considerably. At the onset of a new note, the preceding 
note was far fiom a complete decay, and in some cases even the second last note 
remained rather strong 
the repeated notes in the ascending and descending passages, respectively, (2nd and 
6th note = A4 , 3rd and 5th note = B4 ) showed distinctively different envelopes. 
This was apparently due to the position in the phrase, causing interactions between 
different combinations of tones; G4 - A4 (up) and B4 - A4 (down), A4 - B4 (up) 
and C5 - B4 (down). 

Fig. 1. Microphone signal of a phrase in the middle range of a piano (G, - A,  - B, - C5 - B, - 
A, - G,)  played legato at mezzo forte level with a rate of about 5 tones per second. Observe 
the marked overlap ofnotes, and the dzflerent beat processes for the same note in ascending 
and descending direction, respectively (2nd and 6th note = A,, 3rd and 5th note = B, ). 
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are cut out and heard in isolation, the pitch processing is faced with new information 
on the preceding and the new tone at the same time, and no cues as to which note to 
favour are available. Further, when a piano passage is reversed in time, the signal is 
changing slowly and no resetting occurs as a new note successively enters. Now, our 
hearing can follow the envelope and extract details, including the profound beats. 

Conclusions 
It is a fair conclusion to state that even the simplest piano performance is heavily 
dependent on high-level processing in the auditory system. Turned the other way 
round, one-voiced piano music - a seemingly simple stimulus - gives a nice 
demonstration of the capacity of the auditory system to handle situations where more 
than one interpretation of pitch at a time is possible. 

The prominent overlap of tones in piano playing makes it reasonable to include the 
use of the dampers (either at the release of the key, or by the use of the pedal) in the 
discussion of the individual touch of pianists. Not only the beginning of the note, but 
also the termination, is of importance to the perceived sound, because of the variable 
degree of overlapping. The relevant perceptual parameter in this case might be the 
"clearness of pitch" or pitch strength (Fast1 & Stoll, 1979). 

The pitch strength of a piano tone could be assumed to have its own dynamics. This 
develops from the attack with strong percussive components (Askenfelt, 1993), 
through a short "steady state" part during which a refinement from initial noise and a 
gradual decay of overlapping sounds takes place, and ends up in the characteristic long 
decay of the piano tone, dominated by its own partials and seconded by some long- 
lived components from the frame of the instrument and strong overlapping sounds. 

Clearly, a variation in pitch strength during a piano tone would depend on context, 
which is set by the score. However, it is also to some extent under the control of the 
pianist, who, according to the reasoning above, will use touch and right pedal to 
control the degree of overlapping and, thus, create a line in pitch strength during the 
performance. The control of pitch strength could be assumed to be an additional 
expressive component in piano playing, which supplements the evolution in dynamic 
level and rhythmical patterns in the performance. 

The importance of overlapping tones in piano performance, showed in this brief 
study, motivates a closer look at such practical matters as the damping process in the 
piano and the design of dampers, but it also feeds the research on our perception of 
transient sounds. With regard to the development of new musical instruments, the 
varying, and to some extent, controllable degree of overlapping presents yet another 
difficulty in achieving realistic piano sounds by synthesis. 
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