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ABSTRACT 

The sensation of timbre has intrigued and confused musicians 

and psychoacousticians for over a century. Current timbre definitions 

are not in agreement. Most are negative or catch-all in nature, and 

state that timbre is the sensation left when loudness and pitch are 

ignored. 

This investigation was conducted to determine an individuals 

sensitivity to changes in timbre as a function of the intensity change 

of one partial in the spectrum of a complex sound. The relation of 

differential sensitivity to partial number and loudness also was 

investigated. The determination of a difference threshold for timbre 

related to the power spectra of complex sounds yielded a more precise 

definition for the term "timbre". 

Six subjects were recruited from music camp participants and 

music students at The University of Kansas: Four subjects were music 

campers, one was an undergraduate music student, and one was a graduate 

music student. Each subject participated in one training session and 

six measurement sessions over two days. 

A modified method of limits was employed to determine the 

difference threshold for timbre. The standard stimulus was a complex 

of seven in-phase simultaneous harmonic sinusoids with a fundamental 

of 500 Hz. The comparison stimuli had energy added or subtracted from 

a given partial of the standard and redistributed among the other six 

partials. There were three random orders for the pairs of standard and 

comparison stimuli. Each member of the stimulus pair was presented for 

two seconds, with one second of silence between members of the pair. Four 



seconds of silence were allowed between simulus pairs of stimuli for 

the subjectTs response. 

The stimuli were synthesized digitally using the MUSIC V 

program. Digital to analog conversion was at 17,500 samples/sec. 

sampling rate, and was recorded on standard recording tape. The 

tape was played through a preamplifier having a low-pass filter to 

help reduce switching transients. The stimuli were presented monaurally 

to the left ear at 70 db SPL. 

During each of the six measurement sessions, each subject responded 

to seven sets of 19 stimulus pairs—one set for each partial varied in 

the seven-component complex tone. Three additional subjects as well 

as those participating in the timbre investigation listened to a tape 

of stimuli varying the third partial and evaluated loudness differences 

between stimulus pairs. 

A computer recorded the subjects1 "same" and "different" 

responses, and unscrambled the random stimulus order. The transitional 

points were the intensities of the partial varied in relation to the 

others, where the same response changed to different, with at least two 

responses in the new direction. The upper and lower thresholds were the 

midpoints between these transitional points and the next stimulus value 

in each direction. 

Difference thresholds (expressed in db Calculated SPL) were 

subjected to a treatment by subject analysis of variance with partial 

varied as the treatment condition. The results indicated no significant 

difference between column means, supporting the hypothesis that there 

would be no significant differences in difference thresholds obtained by 



varying each of the seven components of the standard stimulus. No 

significant difference was found for upper or lower threshold data 

subjected to treatment by subject analysis of variance. Therefore, 

an average difference threshold for timbre for the standard timulus 

was calculated, and found to be 4.28 db CSPL. 

No subject gave consistent responses for loudness changes. 

It was concluded that, for the standard timulus, a larger power spectrum 

change was required to induce a change of loudness than to induce a 

change of timbre. Further, it was concluded that it was perfectly possible 

to determine a difference threshold for timbre, and that each component 

of the complex contributes equally to the overall timbre sensation. A 

new definition for timbre was forwarded: Timbre is that aspect of sound 

sensation related to the power spectrum of a complex when pitch and loud-

ness are held constant. 
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