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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 2 7w- ft+ Ap/A; sin 27w -2 ft,

gm2mﬂ+&ﬂﬁm@ﬂ2ﬂ+®;md

sin 27 fi-+ AgfAy sin 272 ft+ AyfA; sin 2 w-3 fi,
‘ {sin 27 fi-+As/A;cos 2m-2 ft+ Ag/A; sin 2 -3 ft,
Timbre discrimination between the stimuli of each pair was investigated as a function of
f, AsfA;, As/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, A,/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

AyfA; is about 0.5. For three-component tones maximal discriminability is reached at a
certain value of A;/A;, which increases with A;/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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THY 160 EARFIEANTITEHERTHEL 7 v & 2 1L
bhb, L L EREY, FROENE ALV
PRET, 160 EIRH AR S hoiellinest UCiE
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F1x REREOKE
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.

Table 1

amplitude patterns

+ . percent information
(fi /2215:?; (S AZI;IAUIISO 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

£ 11 % £ 2 2 (Apr. 1973)
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3-4-1 f=416Hz

1) ST FE2 LRBOERY, Tk
AEWF =416 Hz O _AFWC 2T Tl T
® ROT f=416Hz
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Timbre discrimination between the stimulus
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Fig. 3
pair :
sin27-193¢+ A,/ A; sin27-3861¢,
{sin 27-193¢t+ Ap/A; sin (2w-386¢+6),
as a function of Ay/A for each of three values
of 6. The marks . Q, A..and X.indicate results

for the stimulus pairs with 0:—;7 377%

Ny

respectively. The ordinate represents the infor-
mation rate, the information about the timbre
difference (bit) transmitted per stimulus.
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3:4-2 f=832Hz &2 rREROERE, kD

Fig. 4
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Timbre discrimination between the stimulus pair :
sin27 193¢+ Ap/ A;sin 27 - 3862+ As/ A1 sin 27 -579¢,
{sin27r'193t+Ag/A1cosZ/T'386t+A3/Alsin27r'579t,
as a function of A,/A; for each of five values of
AifA, (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

| 4 ]
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<

stimulus.
T [j T T T T T ] T

1.0 Ay i
é 0.8F §
[0
= 0.6~ .
=
=
2 04F i
g
:5: 0.2 i
& ¢/>r( 1 \

0 002 005 01 02 0i5 1.0 2.0 5i0 16.0
' A,/4,
B5H “RHTTOER (f=416Hz)
Fig. 5 Timbre discrimination between the stimulus
pair :
sin27-416¢t+ As/A;sin2 7 -832¢,
{sin 2m-416t+ A/ Ay sin 27 -832¢+0),
as a function of As/A; for each of three values

of 6. The marks O, A, and X indicate results

for the stimulus pairs with 0:—;-77, 7, —2—77,

respectively. The ordinate represents the

information rate, the information about the
timbre difference (bit) transmitted per stimu-
lus.
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LU T A ENTEX ot BT, @ &
B®" FOBEOEDERGERY A/A OEREAK L L
TRTo

FEfn 48 £ 4




FIE OB AT T HEE OMAHD B (113)
T T T T T T T T T T T )
o 1.0
20.0- /ﬁ/ - gl .
4] x =
] ~ | “o0g- ]
10.0] ZAS % ‘
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01 b Fig. 7 Timbre discrimination between the stimulus
0058 ¥ 1 pair :
{sin2ﬁ~832 t+ Ayf/Asin27-16641¢,

; ! ; ; 2
01 02 05 10 20 50
Ay /A,

56 ZRAFTOENM (f=416Hz)
Fig. 6 Upper and lower limits of the distinguishable
timbre difference between the stimuli @, @Y,
©’, and 99’. In the intermediate region the
stimuli were distinguishable. The marks O, .
LAs.and. i indicate the upper and lower limits
of the distitiguishable timbre difference
between (7Y & @7, (7@ & @', and @' & q0';

2

respectively. "

ZHCEC OV TEE, IROBIEE VT,
@" FEOT f=832Hz
®" FET f=832Hz
O” KOT2f :@ AL LT, f=832Hz
DIEXFHIZ LT, f=832Hz
, A /A;=0.5, 1.0, 2.0,
5.0 I\ THTn-Tads, EDX 5k AJA i L
Th, BEAEHFODEZRFTE - 7‘:0

3-4-3 f=1248H= SEER 2 & [k SEERE R
DFL DT T o 7228, EZ{KE&@[J.ZABHZ“Cbi
FTANTCOFHOMER &, AfA OETKT L THFED
EIRNTE e o T B ELENH D ERUDH
Dihots sin2x-fi4+0.3sin2x-2ft & sin27z-
ft—O.o sin27-2ft, f=1248Hz iwx\ T, ‘Ff‘:ai»[i
% 0.01bit T, ZIUIFEWED b F
1ind, ENHDEITED LNV

35 £E5 [HBEBOFRAE
’\“’THEOin/H?ﬁJ@ THLED, DL ’?/c
PR B Tl EHEEREY, SF0o6ET
HLADEEE LTHIE L. kOFBEFIA L.
@ sin27-fi+0.5sin2x-2 7

@ sin2r7-ft40.5sin(2x-2f140)

7c#2 L, f=193Hz,
mREH SRR T, filil, EHFOMETH (5

%11 % & 2 B (Apr. 1979)

sin27-8327—As/ A sin2m-1664¢,
as a function of As/A;. The ordinate repre-
sents the information rate, the information
about the timbre difference (bit) transmitted.
per stimulus.

information rate (bits)

— &/ 2*‘9 73 —=/6 0 7/6 ;T:/S z}”?
phase shift {rad)

B (CHGOMRFI (f=193 Hz)

Fig. 8 Timbre discrimination between the stimulus
pair :
_{511127:-193 t+0.5s8in2w-386¢,
|sin22-1932+0.5sin(27-3862+0),
as a function of . The ordinate represents
the information rate, the information about
the timbre difference (bit) transmitted per
stimulus.

» FEE
4. & B

1) EAEE 1248 Hz, {575 2496 Hz o 4y
TR LT, MBI BFEEOEVGIR L)
ol 5 RN, “residue” K ELTCHIBNTUL3
Bl ey B G R 2RILWnR - BIRAH, HEAE
W LTH 1000Hz 206 2000 Hz THB &5

o7 v] T < [(bit] ThH D,

FHEE LT, Aty F R, BRART
FC 1000 Hz L EoFigncs Uaix, Mg v

ANAPGBRELEIT, EEBEOHINCHIGE LYy
FEM O LT, 1000Hz LITF & 3 & FiC
LTI, FoWDEUEHCHES Ty FRE T
BTHBEFPERT B, AR DOERDL FHED
R CRIRTE %,
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bit OfEREIEL D OCLERMBOTIL, F8X
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BEAREEE, HH—CDOERYIEL D DT hE
SAHDO T ORI ILBIBIFRATEIN S

Tz, BF 198Hz 0 _HHBF THADOEYELIT
B (fERfEER 1bit #15%) iy, 9 60 B
DORFHOThEBELTS (FE8K), 60 EORAED
Thix, ¥ lms ©hich, ZhAMAERHIO—>D
BT T T\ b & DEME —FIE T 2B
1000 Hz T, Zhud, By SRR, ZE7D
DRAZTE 25,
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EEETAC e A B DT RIS LI MR £ v L R 7]
DERIERABC Y VAT TS 2 ERRELT
Whe

2) ZHNEFEOFRBERY NTHES, 5, TR,
B I B ERELEEZ L5, %D, B
B AfAy DIEZH L TH, DWW, $HD AJA, D
{EOFFICK LT, €~ 2%, A/A; BREVT
LPNIVIITIR ORI » T\Wbo RS D 5 H—Hn
T EENTHWATIET 21 E, ZOEFIE—S
FBLRILENDDITT, MEEC L D& DI i
Hicdh, TDXHTWEEBDIBRTHD, TiI,
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Fig. 9 Replotted data from the curves in Fig. 4 as
a function of Aj/A;, and As/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
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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 Ax/A;
for the fundamental frequency of 200 Hz-
tone to meet the condition of Fig. 11.
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