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Effect of Phase Relations on the Timbre of Harmonic Tones*

Susumu Tacur**, Takashi Isope**

Monaural phase effects (MPE’s) in steady-state musical tones were experimentally
studied for two- and three-component tones. The two types of stimulus pairs used were :

sin 2w ft+ AyJA; sin 2 -2 ft,

&m2mﬂ+&Mﬁm@ﬂ2ﬂ+®;md

sin 27 - ft-+ AsfAy sin 2 m-2 ft+ Ay/A, sin 2 -3 ft,

{sin 2m-ft4+ AgfAicos 2.2 fi+ Az/A, sin 273 ft.

Timbre discrimination between the stimuli of each pair was investigated as a function of
f, As/A;, A;/A;, and @ at a constant sound pressure level (about 30 dB). The AB method
was applied, and the information rates were calculated and used as a measure of discrimi-
nability.

The most important findings are :

(1) MPE’s can be perceived for two- and three-component steady state musical tones
under certain conditions of f, Ay/A;, As;/A;, and 6.

(2) For stimulus pairs with a frequency beyond 1248 Hz, no timbre difference can be
heard.

(3) Maximal discriminability of two-component tones with f of 193 Hz is obtained when
Ay/A; is about 0.5. For three-component tones maximal discriminability is reached at a
certain value of A;/A;, which increases with Aj;/A;. And a great difference is observed
between the stimulus pairs with A;/A;>1 and with A;/A;<1.

The experimental results suggest that MPE’s are related to differences in the wave-
form of the vibration patterns of the basilar membrane, and are particularly related to the
corresponding differences in the temporal patterns of the nerve impulses near the peak point of
the envelope of the basilar membrane vibration caused by the higher component of the stimulus.
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Fig. 1 Schematic diagram of the experimental setup
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Fig. 2 Details of the Fourier synthesizer of Fig. 1, where FF, MM, VPFF, and BPF

are abbreviations for a flip flop,

monostable multivibrator,

variable phase flip-

flop, and band pass filter, respectively. A VPFF is the flip-flop the output phase
of which can be freely adjusted. Its construction is described in the area enclosed

by dotted lines.
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Table 1 Timbre difference due to a small error of
amplitude pattern. The results show that
the amplitude errors below 20 % are under
the 1% level of significance, and can not
be said to have effect on timbre.

amplitude patterns

. : percent information
(3{0 /E}l]f)it?sc.’ (SXZIFAUBw correct rate [bit)
0.20 vs. 0.22 50 0.00
0.20 vs. 0.24 52 0.01
0.20 vs. 0.26 64 0.06
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Fig. 4 Timbre discrimination between the stimulus pair :

sin27-193¢+ A/ A;sin 2 - 386t + A3/ A;sin27 - 579¢,
{sin27r'193t+A2/A1c052/7‘386t+A3/Alsin27r-579t,
as a function of Ay/A; for each of five values of
AlfA, (0.1, 0.2, 1.0, 2.0, and 5.0). The ordinate
represents the information rate, the information
about the timbre difference (bit) transmitted per
stimulus.
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Fig. 6 Upper and lower limits of the distinguishable
timbre difference between the stimuli 7Y, (§Y,
9/, and 40'. In the intermediate region the
stimuli were distinguishable. The marks O,
A.and
of the distinguishable ‘timbre difference
G’ & @Y, and (D' & @'I?

indicate the upper and lower limits

between (7 & &Y,
respectively.
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Fig. 8 Timbre discrimination between the stimulus

pair :

_(si1127:-193 t+0.5s5in27-386¢,

|sin2m-1932-+0. 5sin(27-386 ¢+,

as a function of #. The ordinate represents
the information rate, the information about
the timbre difference (bit) transmitted per
stimulus.
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Fig. 9 Replotted data from the curves in Fig. 4 as
a function of Aj/A;, and A3/ A;. The marks
O and X represent the points where infor-
mation rate of 0.9 bits are obtained.
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Fig. 11 The vibration patterns of two tones along
the basilar membrane. This shows the
presumed condition under which maximal
information about the interference of the

two tones is transmitted.
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Fig. 12 Forms of resonance curves for six positions

[$2]

along the cochlear partition determined by
von Békésy. Each curve shows the relative
amplitude of vibration of a point on the
cochlear partition as the stapes of the cochlea
is driven sinusoidally at various frequencies
with constant rms displacement. The six
curves are for points “tuned” to 100, 200,
400, 800, 1600, and 2400 Hz. The ampli-
tude for 200 Hz of the curve A, which is
the resonance curve for the partition tuned
to 400 Hz, gives an estimated value of Az/A;
for the fundamental frequency of 200 Hz-
tone to meet the condition of Fig. 11.
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