Music, Cognition, and Computerized Sound

ot
o
oo
orl
Lo

14. Consonance and Scales
John Pierce

14.1 Numbers

« SAN Scle tone2 A2 & &8 oA a4d(Harmony), &8 3stA (dissonant), £
S(noisy) S0l =0 &

o AQIIF A2 E
- cochlea?l basilar membrane2 et dSdt= XA=22 WE2SZ 0IFHE
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Figure 14.1 The curve shows the width of critical bandwidth plotted against frequency. The straight
line represents a musical minor third plotted against frequency.

Table 14.1 The musical mystery of consonant ratios of small integers

1:2 2:3 34 45 56
(3:4) (4:5) 35

Note: In classical times these ratios of small numbers used by Greeks were lengths of strings. The
modern interpretation is ratios of frequencies

— Critical Bandwidth2l plottedXI&(Y=) I Frequency(X%)

- Frequency 2Ct critical bandwidthel =XIJt o ACt
A0(27.5Hz) XI&® - Critical Band= 2 100Hz

- Ao YAHUYES =2 FUL20 2 FW0A &N 52
A5 XI&(880Hz) — Critical Band= < 180Hz
A7 XI&(350Hz) - Critical Bande ¥ 550Hz

1) http://www.ansetech.co.kr/anse/2001s—4.htm
U H CHS (Critical Band) : @12te] &2t J|22 2/0l, =0!, oI 24
- 20l FHACIH st SEHUXC LEBEHE 20F NS00l MZotn S0l= ML L3S
23 A2 HHEGIH WOIHMe MZE JIHA S| 2 MBHE N30EE HIIN 2522 HENIA L
- JIMeol= 2 32DHS SR MEIF A= Oﬂlkl QUL ASIH HIE BA ZOZ HECN D0 HEE MSE &
- 22 FhfUME 2 d2x ¢z =2 Flslds =% dE2x Hf2 =04 220 0I2HAH 0l E2 ERAE=
1 722 XSUAe & 2 =0 BHSoHA IEHI 0l Hervey FletcherOll Sloi Mol=l A HCHS (Critical Band)0l2t &

- AEN 25tH e dAHUEE =2 FUEL E2 L0l X B3, 500Hz018t2 ASHIME & 100Hz2HHe 2

500HzO01&e] ASE= 1/30M 1/52EIE 2A22 JelEZ HEIL FAE.
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- & 320 &2 240l 22 i =gss22 2K
- =833 A2 =Ee30lcte AE 2K & = U= AL=EZ2 0|FHE
= =g8ssE 0|F1 UYes AlelIsEe A4sHE0 2s sts
AA5tD U= HIESS0l E2 =ANE ZEotd US
* Table 14.1 : The Musical Mystery of consonant ratios of small integers
- JdelA0M JIEXIe SS9 interval @ 2| HIEZ2 LIEH
- M6th(3:5) = 4th(3:4) + M3rd(4:5)
- JdelA 89 20| HIE : Fret position It bridge2 2{2l0l W2t HI=0| LIEHE
- AEY 20/2 1/2 NF2 & =SEtE 19 tonell LIEHE
14.2 Periodicity, Partials, and Interval
o FIIAEQ AI2E @ LEHAEOl THAHOl A2
0l) AEZQ vibration, 8712 &S, 2529 42, S2 2842
« XY B =S 1 0|2 S SUE tones S & = US
« FIIE AREQ HIZS ¢ U= f Hiel & ==HH
« & 4 : Fundamental, X1 Harmonic, A2 Harmonic....
* Pitch frequency : toneQ| pitch
o f, 2f, 3f, 4f...0 FI|H AMNSE2 S
14.3 Beats and Tuning
« 82 tone2 fundamentall =8 F=1Ll=, = harmonic partial& Xt FI|& AI2E
« SYA INTERVALSl HIg - 1:2(K]EtE), 2:3(6%) &
- s SEIEHME HlEzge =<2
* Beating(¥s0l) : 24D X220 Al
-F 22 EZ HiZ20l A2 JttE M M2
s BH4E XAE ! beating0l 02 HIE0| Ot 101l HEEH= =2 £&
« IOt @ &2 &= 20 Lot «4Je tiS= st otd® 222 0IFHI[O
= Q3
zi:‘ll;ation = —1
P s
(in cents) 50

1

Figure 14.2 Deviations from equal temperament in a piano tuned by beals.
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Figure 14.2 : beating@2 ZE% 10l HAE HHXI
—cent : musical half step2 1/100 &<

* Table 14.2 Stretched spectra and scale examples : harmony and the coincidence of partials

EXAMPLE ATTRIBUTES PERCEPTUAL RESULT
Normal scale, harmonic partials harmonious

Stretched scale, harmonic partials dissonant

Stretched scale, stretched partials somewhat harmonious
Normal scale, normal partials harmonious

#sound sample. 58. : Stretched scale/ partials

a. hymn played with normal scale and harmonic

b. hymn played with stretched scale but normal harmonic partials
c. hymn played with stretched scale and stretched partials
d

. hymn played with normal scale and normal harmonic(repeat of a)

14.4 Relative Consonance of Intervals
e S intervalll SAE2 LA 2 2ol 2E &
—-CIZ keylllA JIHE DE= SISO Z2 LIEHY
e Tonal consonance : 8% intervalOl XlLl= 1K& 33
= o| &l

—tonel] AHECZI? SUA interval FIH2 2 AN 2loll LIEHE

S = 20 =34e =

ro

« squarelll : high harmonics&0| Zat] JIN0l A2 <X
MOl LIEFE Ol) the buzzy sound
#sound sample. 59. sines, versus complex waves

Tahble 14.3 Superconsonant intervals in which harmonics of upper tone are all harmonics of lower
tone

FREQ. RATIO MUSICAL INTERVAL

1:2 Octave (C—C')

1:3 ) Octave + fifth (C-G*)

1:4 Two octaves (C—C")

1:5 Two octaves + maj. third (C—E")
1:6 Two octaves + fifth (C—G")

Octaves o 1 2 3
¥ ¥ ¥
harmonic & | 2 3 4 5 6 7 8
Spectrum 1 | | | N -
Spectrum 2 | | | J | _! A
harmonic # 1 2 _....:1 5 B
0177 015
octave oclave

Figure 14.3 First eight harmonics of two tones a fifth apart.
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* Superconsonant
-Superconsonant & : 22 tone 20t SN0l O &S
-SEEI EWIIE 83ls 28
-HlW : fifth(2:3)1 octave plus a fifth(1:3)
* Figure 14.3
-= & tone harmonicsOll &2 &2 0& upper tone harmonics

Table 14.4 Intervals specified by ratios M:N

INTERVAL M:N DIVISOR FREO. BELOW LOWER FREG.
octave 1:2 1 Same
Fifth 2:3 1/2 One octave
Fourth 3:4 1/3 Octave + fifth

Major third 4:5 1/4 Two octaves

Minor third 56 1/5 2 octave + major third

Note : M refers to the lower frequency and N to the upper frequency. M is the ratio of the lower fre-

quency to the common divisor frequency. Also, every Mh harmonic of the lower frequency coincides

with an Mth harmonic of the upper frequency.

« Table. 14.4
—-the lowerdt upper tone2l frequency HIE M:N
-1 SEtE M =1
=t 24 422 lower tone IS XIE
—upper tone M Hi=S 1 lower tone N BIZ0| SAIN 2
—noncoincident &
— the lower tonell BH21t upper tone BHS 0l SAI0 S2IX L2
- 28382z 2R
- lower tonel YHUSE K& F=Lt==0 X &
—lower tonell upper tonel ABEZ}
—upper toneOl lower tone 2C+ fundamental =It==Jt =2H S JHO| tone2

AO 22X &0 22 SERE2Z & e M2E2 =S8
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Table 14.5 Consonance rating of intervals

Music, Cognition, and Computerized Sound

NUMBER OF

DISSONANCE RATING

INTERVAL NAME SEMITONES IDEAL RATIO -7
Octave 12 1:2 1.7
Fifth 7 2:3 1.7
Fourth 5 34 2.0
Major third 4 4:5 2.0
Major sixth 9 5:3 2.4
Minor third 3 56 2.6
Minor sixth 8 5:8 3.0
Minor seventh 10 3.3
Major second 2 3.9
Tritone 6 4.0
Major seventh 11 5.3
Minor second 1 5.7
Minor ninth 13 5.8

Source: Nordmark and Fahlen (1988).

* fundamental =2 LHUHES 2% HE = US
PN

—fundamental =It==2| LAHUHSA HISS OI0t=2l Jt&E 0K

-= Y2 toneXlBUAN OtE 2

2o
=

—-C2 &2 Major, m
-C2= root& Al &
* Jan Nordmark® Lennart Fahlen(1988)

-2 882 =83 s28= &

Beats in Triads of Sine Waves
« HIE0 A2801 Hige =L+t & =cl&EtH
EFLEX] 2
e major third2 Al JH2l toneOl 22 mistunel & =
—SFSAH o (el2tel I AEE0| otLIDl M2
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-Ml el =Xt & OtE Y2 Fhs= F=4F

—gket F=5Fo, 6Fo (O] Riel Fels

nlﬁr

< T
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= CHAH beatingOl
O 28t mistuning&
5: 622 2t= & A

#Sound.sample 60. Nonlinear beating sine waves.

Rameau and Inversions
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¥ Rootposition  Firstinversion Second inversion
o — T3 8
E4—p 1 ©
u -4 -

Figure 14.4 Inversions of a triad..

14.7 Consonant Intervals and Scale

A 4 2 5 b
- —4 = g8
4 o [
]| =S

Figure 14.5 Major triads on G, F, and G give all the notes of the C-major scale

* Figure 14.5
-2 2 scalellM Tonic(C), Subdominant(F), Dominant(G)Jt LtEHE
-2 HIS0 2o TXIJF SetotD Weddls 242 =Xst Al 22 U
= VI octave 1:2
V  fifth 2:3
Il major third 4:5
0l) up Four fifths up : 4V
down two octave : —-2VI

0(0

* Music notation : staff, sharp, flat
-4% 3II2 5% ot e Z2 pitchOI X2 HEGHH 018 S&2C0
-0l) A#0t Bb 2 H&35| 22 pitchdt 0tg

o 2ABE 2|9 pitch : ERE2 A&8&
=292l rootE 12JH(Black key and white key)2 LI+=0 & &3] pitch frequency2l bl
ES UF. +HIE 1 2 1.05946

=
- 28 4,5, 82 &5l ?2 BlE =Xt &35, 3k, H3kE

W
1
£
alo

HESHA ¢S
e L.A. Robert2 Max Mathews
-Z 33SS EUS M, EE AHES =HE 3T L0 mistuned® 3T (BZE 3%)S
Z0te

14.8 Pitch Errors in Scales
o AHLYOAM pitch= fundamental === HI2 &5 X XD LTI & &
« O|ANEOQl pitch HIE : cent = thousandths of an octave(hundredths of a
semitone)& LIEH

« Table 14.7 : cents?t 2H= H
—-single cent2| pitch HI& : Oig C=1.00057779
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Table 14.7 What's a cent? Some relationship

A cent is a frequency ratio C, just slightly greater than unity
C = 1.00057779

A cent is 1/1200 of an octave: C'?® = 2.0

In (C) = In (2)/1200

c' =R

N In (C) = In (R)

N = In (R)/In (C)

Table 14.8 Equal versus just temperament intervals, in cents

Music, Cognition, and Computerized Sound

INTERVAL NO. SEM(TONES eup (e P (A )
Fifth 7 700 In(3/2)/In(C) = 702.0
Fourth 5 500 In(4/3)/In(C) = 498.0
Major third 4 400 In(5/4)/In(C) = 386.3
Minor or third 3 300 In(6/5)/In(C) = 315.6
Major sixth 9 900 In(5/3)\n(C) = 884.4
Minor sixth 8 800 In(8/5)/In(C) = 813.7
Table 14.8 : =&t BEZ=2 cents Bl
Table 14.9 Intervals and departures from just intervals, in cents
EQUAL JUST MEANTONE PYTHAGOREAN
D-F 300 -156 2941  -215 3103 -5.3 2941  -215
E-G 300 -16.6 315.6 0 310.3 -5.3 294.1 -21.5
A-C' 300 -15.6 315.6 0 310.3 -5.3 294.1 -21.5
C-E 400 14.7 386.3 0 386.3 0O 407.8 21.5
F-A 400 14.7 386.3 0 386.3 0 407.8 21.5
G-B 400 14.7 386.3 0 386.3 0 407.8 21.5
C-G 700 -2.0 702.0 0 696.6 -5.4 702.0 0
0-A 700 -2.0 680.5 -21.5 696.6 -5.4 702.0 0
E-B 700 -2.0 702.0 0 696.6 -5.4 702.0 0
F-C 700 -2.0 702.0 0 696.6 -5.4 702.0 0
G-O' 700 -2.0 702.0 0 696.6 -5.4 702.0 0
A-E' 700 -2.0 702.0 0 696.6 -5.4 702.0 0
* Table 14.9 : B2 =8, meantone Hl1
-C key2| & et 38 EY 9| cents
-=d8: C keylilM =8= 882 Hln& &g
-Pythagorean - 5%, 4= 882 & &, il &, H3&= HEotA 23
-meantone - &3%& S&0| =&
-HasE 5% 45 SE=2 HluWE FEotn &, H3&= 0| FIF gAE
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Table 14.10 Frequencies of chromatic meantone scale, middle C to one octave above
NOTE CENTS FREQUENCY
C 0 263.1
C-sharp 76 275.0
D 193 294.2
E-flat 310 314.7
E 386 328.9
F 503 352.7
F-sharp 580 367.9
G 697 393.6
G-sharp 773 411.3
A 890 440.0
B-flat 1007 470.8
B 1083 491.9
C’ 1200 526.3
Table 14.10 : meantone scale
-2t C2 meantone SEIE Q| tone= centZ LIEHH
-Sharp, flatllA pitchel 2F gt &M
—H7sE A2 0|d 2MD] s HEte )| X
-CXUM= He Aokl #, b0l H2 keylld 2HE &
-Stanford2l 0222 sl 22HMemorial Church)
HAE £= meantonel @ HIY &Y & £ US
Table 14.11 Some ideal and meantone intervals
INTERVAL CENTS, IDEAL RATIO, IDEAL CENTS, MEANTONE RATIOMEANTONE
C-E 386 1.25 386 1.25
C-G 702 1.50 697 1.50
C#-F 386 1.25 427 1.28
CH#-G# 702 1.50 697 1.50
Table 4.12 Qualitative judgment of middle C major tetrads
Just Very good
Meantone Very good
Equal Out of tune
Meantone, key of C# Awful
#Sound.sample 61. C Maj. triads on temperaments
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14.9 Other Scales

Bohlen—Pierce

13-tone "chromatic"
scale vs. the

|[X-tone scale one step = 1343

Figure 4.6 intervals and chord of the Bohlen—Pierce scale.

+ Bohlen—Pierce scale(Mathews et al. 1988)
-SEtE(1:2) 4l tritave(1:3 —AHY)S &l
—tetrad(4E StLIZ |S- 3:5:7:9)& A AL fundamental2 X &
—tetrad S&: 1 tritaveE 132 chomaticRZ LIS+ ALE
#Sound.sample 62. pierce scale
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e & =7} Richard Boulanger, Ami Randunskaya, Jon Appletone
- 1301 BtSHE tonet 9 tone AIS

14.10 Tones with Strange Spectra

1

- Hlztd S
—Orchestra chimes, kettle drum, carillon bells S
-2 =58 E42=2 894N E4= LIEY

* sine wave
ARl =E FIIdE JHKI LD /JX S SLA tone2 Ot
—quasi—musical tone

» Shepard tone
-E2= ti8=01 2EEZ N &
—fundamentalOl 8i&
-pitchJl 2&¢&
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