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The perception of musical sound is a complicated process. Suppose,
for example, that a complex tone reaching the ear can be represented by
the audio spectrum shown in Figure 13.1a. Such a tone is perceived as
having a characteristic timbre determined, we say, by the harmonic
structure of the tone. Suppose, however, that the stimulus shown in Fig-
ure 13.1a is in actual fact the consequence of fwo different instruments,
each with their own harmonic structure, playing a tone of the same
pitch. The audio spectra of the two instruments (Figure 13.14) combine
to give a stimuli equivalent to the spectrum of the single tone illustrated
in Figure 13.1a. Nevertheless, our auditory system perceives the spec-
trum shown in b as two separate tones while spectrum a is perceived as
one tone! How our auditory system accomplishes this feat is a mystery.

There are many questions concerning musical perception for which
answers are tenuous at best. The problem of consonance and disso-
nance is one of the most critical areas in the subject of musical percep-
tion. To this topic we now direct our attention.

nt, the tonal combination is referred to as a consonance. On the other
and, if the combination is judged harsh, jarring, or unpleasant, it is a
issonance. Clearly, these terms have reference to subjective judgments;
owever, as we shall see, the basis for these judgments is a shifting basis
nd therefore makes an objective analysis difficult.

Dissonance is important in music. A musical score made up entirely of
consonant intervals would probably be judged bland or even insipid by
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the mature listener. Dissonance brings a restlessness to a moveme
is resolved in consonance. In the same way that suspense and co
bring tension to drama, dissonance brings tension to music. W
this tension, the relaxation brought by consonance would be em Fo
meaning.

Music has become increasingly dissonant. Why is this? It is
the subjective basis of dissonance varies with time. A tonal combin
introduced in one age can strike the musical audiences of that ge:
tion as harsh and discordant. But, with time, audiences get accust
to it and that dissonant interval becomes more and more conse
Consequently, a later generation of composers has to create new d
nances to produce the same degree of tension as their predec
Compare, for example, Mozart's Eine Kleine Nachtmusik compos
1787 with Arnold Schoenberg’s Vorgefuhle composed in 1909.
comparison reveals that the history of music has been characteriz
the emancipation of the dissonant interval, ;

Musical tradition and the listener experience circumscribed by

other dimension emerges from the fact that a dissonant interval is
acutely dissonant when played by two similar instruments than w
played by two different instruments.
These considerations should serve to illustrate the subjective r
FFT1  of consonance and dissonance. Now let us see what objective con
ations can be brought to bear on the subject

The Beat Theory A complex tone is characterized by its harmonic structure. Whe
of Heimholtz complex tones are played together, the harmonics of each to

present in the stimulus arriving at the ear of the listener. For some
combinations the harmonic frequencies match cach other exactl
others they do not.

1. The Unison
Let us consider a perfect unison. Figure 13.2 shows that the
monic frequencies of each tone match each other exactly. The
son is pleasant to the ear and is considered a consonant.

fi 2f, 3h 4fy Sf 6f, 71, 8f,

Unison , I ' I l l l ' > f
harmonics r ] ' , ' l l '
f2=fi 2f, 3f2 4f, Sf,6f,7f,8f, s of
Figure 13.2 & T

Harmonics of the unison.
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imovement

The Whole-Note Interval

situation changes with the whole-note interval. The ratio of

frequencies between whole notes (on the tempered scale) is 1.123.

two complex tones a whole note apart are played together, the
nd is unpleasant and is classed as a dissonance. The harmonic

1ld be empt:

is? It is be cture of each tone is shown in F igure 13.3. There is an obvious
12l combi mismatch for all frequencies. Furthermore, the frequencies are
of that ger se enough together so that discernable beats as well as harsh-
get accusto

‘mess can result. The beat theory of Helmholtz maintains that it is

e beats that our auditory system responds to negatively and as a
result the whole-note interval is unpleasant.

lore consors
eate new d
r predeces:

1 1909. S f 2h 3, af, 5, 6f, 7, 8,
haracterizes | ote ] | L 1 111} N

; | | I T TTT17 V]
scribed by fr =112 2, 3, 4f, 5f, 6f, 1f, 8f,
: problem ire 13.3
'nsion. Still . monics of the whole-note interval.
nterval is
than whern

e Perfect Fifth

bjective n complex tones of frequencies f and Y%f are played together, the
ctive cons terval is a musical fifth. The harmonics of these two tones, illus-

ted in Figure 13.4, show some matching frequencies and some

re. When
each tone ;
‘or some
T exactly.

N 2f, 31 4f, 5, 6f, 7f,
l : | L1 1 1]

I

I I
h =155 2f, 3, 4f,
ure 13.4
monics of the musical fifth.

The third harmonic of /2 is between the fourth and fifth harmonics
/i With the fifth, however, there are enough frequencies that
atch or are separated by a margin wide enough to be troublefree.
e interval is therefore “beat free,” and is a consonance.

Uther musical intervals can be analyzed in similar fashion. An indica-
of how dissonant a musical interval is can be judged by how far
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TABLE 13.1
Musical Intervals

First Pair of
Interval Frequencies Matching Harmonics

Unison fiand f; = /| J2 with £,
Octave fiand £, = 2f, fa with 2/,
Fifth Jfi1and f, 2/, with 3f,
Fourth J/1and f, : 3/, with 4/,
Third (major) /1 and f, 4/, with 5,
Sixth (major) /i and f, 3/, with 5/,
Third (minor) Jiand f, 5/, with 6/
Sixth (minor) fiand f; = 5/, with 8f,
Whole tone /i and £, 12 No match up
Semitone /1 and /f, ; No match up

and identifies the first pair of matching harmonic frequencies. As o
proceeds down the table the number of colliding harmonics increas
and the degree of dissonance increases. In the beat theory, the for
considered the cause of the latter.

Table 13.1 can be summarized as follows. A musical interval can
expressed as the ratio of two frequencies; that 1s,

L2

1

the higher harmonics.

There are numerous difficulties with the beat theory. An example
two will serve to illustrate these difficulties. It is reasonable to assu
that a change in timbre, that is, a change in the relative intensities of
harmonics, would bring an alteration in the intensity of the resul
beats. Yet, a change in timbre does not alter the Judgment of con
nance or dissonance. In other words, a consonance produced by viol
is also a consonance when it is produced by French horns. Further
consider a major third and a major second. The harmonics of the
third C; to E; and the major second C, to D, are shown in Figure 13
Included in Figure 13.5 are the frequency differences between corn
sponding harmonics. The critical differences occur between the respe
tive fundamentals and the second harmonics. As can be seen, they :
essentially the same. Yet, the major third is considered a conson
while the major second is a dissonance.




The major third: Cj to E;

Pair of
Harmonics

ith f;
rith 2f,
sith 31,
/ith 4/,
/ith 5f,
vith 5f)
vith 6_/,
vith 8[1
1atch up
1atch up

329.6

659.2
Figure 13.5
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nge.

Let us begin by considering pure tones. Specifically, we shall consider a
th, two major thirds, and a major second. The fifth C, to G, is a conso-
nce. The major thirds C4 to E, and C4 to E; are interesting because  Plomp
e former is definitely a consonance while the latter is marginally a con-
nance or perhaps even a dissonace. The major second C, to D, is a

Perception of Music
The major second: C4 to Dy

Cs Da
261.6

523.2

587.4

881.1

1174.8

armonics of the major third C;-E; and the major second C,-D,. The former
a consonance and the latter a dissonance.

The fifth C, to G, involves frequencies of 262 and 392 Hz (assuming
e tempered scale). The center frequency, that is, the average frequen-
, 1s 327 Hz. The critical bandwidth at 327 Hz i1s 100 Hz. This means
at any two tones within the range 277 to 377 Hz will have a harsh,
ugh quality. The frequencies 262 and 392 Hz do not fall within this

With a series of experiments on consonance and dissonance judg-
ent, Plomp has concluded that two pure-tone frequencies falling out-
de the critical band are judged consonant. Figure 13.6 illustrates the
se of the fifth as being consonant. These experiments further reveal
at the most dissonant interval is the one for which the two pure-tone
equencies are separated by 25 percent of the critical band. In fact, fre-
encies differing in the range from 5 to 50 percent of their correspond-
g critical band are typically judged dissonant. Therefore, we are led to
onclude that two pure tones whose frequency difference is less than 50
rcent of the appropriate critical bandwidth comprise a dissonance.

For the major third C4(262 Hz) to E;(330 Hz), the center frequency is
6 Hz for which Af.; = 95 Hz. The major third C3(131 Hz) to E;(165
z) has a center frequency of 148 Hz with Af.; = 90 Hz. Finally, the ma-

The Critical
Band Theory of
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(a) Fifth: (b) Major third: (c) Major third: ~1600~
Ci=G, Co-E, G =K, 6 L
WOH ——— 074 G r——————1 fy
392 Hz
Afcs p 330 Hz &\\\ ~1400-\
300 Hzim e T T —— - T i o r—————__—_
0.5 Afcg 05 af
262 Hz $262 Hz 5f,
A)
B Ittt S KRR N \\ \-1200T§
ok af 165 Hz &
ch 131 Hz
] i
WO ___ —
Figure 13.6

Two pure-tone frequencies form four different musical intervals. In terms of
the Plomp criterion the first (WO are consonants while the latter two are

dissonants,

Jor second C,(262 Hz) to D,(294 Hz) has a center frequency of 278
withAf -, = 95Hz. Figure 13.6illustrates each oftheseintervals. The maj
third C, to E, is a consonance since the frequency difference of the tw
puretonesisgreaterthan 0.54f¢5. Oneoctave lowerin frequency, howeve:
the major third Cs;t0E;is certainly less consonant in terms of the Plom
criterion and may even be considered a dissonant ;

family of harmonics. If harmonics up to /¢ are considered for each com-
predominance of neighboring har-

plex tone, consonances will have a
monics whose frequency difference is greater tha

on the other hand, will have neighboring harmonics whose frequency dif-

ference is less than 0.54/c5. (See Figure 13.7.)

3h

2f, ¢

:

-~ 800~

NMNNRGRN

n0.54/cg. A dissonance, £,

=200~

0
C4(261.63 Hz) A

Figure 13.7

An octave (left) and a
centered on the averag
a frequency band equa
and 4f,, 6/, and 5/, fal
frequencies are outside
third Ag to C, is more



Perception of Music 244

N N
_____ A\ IR
08 Afpl |24° ; N
| - rrrr
e EH DO
" | N W)
e ) o, %, N L4f,
| : -1000- _ § -1 - §
St BN
- 800— §\ \\\B\»&\\ V
. 3f, ¢ 3f
e \ DA
" difference of the t \\\\\\\\\\\\\\\\\\\\\\\k\ 3f; ‘
pipiei i o \\\\\\\\\\\\:\‘"’i‘&:\\\\\\\\f
it interval. The maj 2f, tfa ) 2f2
il imemalree . TSNS A o
e ,2
s el 11 AN
5. People sang and d
1t satisfaction to the Co(523.25 Ha) 44220 Ha) 0 Gl

made that could ge
1€ instrument maker
rent musical scales
“scales within any one
ales evolved from the

octave (left) and a minor third (right) are illustrated. The shaded areas are
ntered on the average frequency between adjacent harmonics and they cover
requency band equal to 0.54f,,,. Note that for the minor third £) and f£,, 5/,
d 4y, 6/, and 5/, fall within a shaded area. For the octave, all harmonic

; quencies are outside the shaded areas. By the Plomp criterion, the minor
vals are played wher third A, to C, is more dissonant than the octave C, to Css

hey sound the best t



