




















86 The Ear and Hearing

good deal about efficient communication. They suggest possibilities for
coding speech information in forms other than merely the transduced
pressure wave. The normal mode and excitation relations, for example,
indicate a schema on which an analysis-synthesis transmission system
might be based. The same can be said for describing the vocal tract by
articulatory parameters. Both results reflect constraints peculiar to the
speech-producing mechanism,

As yet, however, the properties of hearing and the constraints ex-
hibited by the ear have not entered the discussion. The next chapter
Proposes to establish certain fundamental properties of the mechanism
of hearing—so far as they are known. The exposition will follow a pat-
tern similar to that of the present chapter. The results of both funda-
mental discussions will then be useful in subsequent consideration of
speech analysis and speech synthesis,

IV. The Ear and Hearing

The ultimate recipient of information in a speech communication
link usually is man. His perceptual abilities dictate the precision with
which speech data must be processed and transmitted. These abilities
essentially prescribe fidelity criteria for reception and, in effect, deter-
mine the channel capacity necessary for the transmission of voice mes-
sages. It consequently is pertinent to inquire into the fundamental mecha-
nism of hearing and to attempt to establish capabilities and limitations
of human perception.

As suggested earlier, speech information — originating from a speaker,
traversing a transmission medium and arriving at a listener — might be
considered at a number of stages of coding. On the transmitter side, the
stages might include the acoustic wave, the muscular forces manipulating
the vocal mechanism, or the physical shape and excitation of the tract.
On the receiver side, the information might be considered in terms of
the acoustic-mechanical motions of the hearing transducer, or in terms
of the electrical pulses transmitted to the brain over the auditory nerve.
Characteristics of one or more of these codings might have application
in practicable transmission systems.,

The previous chapter set forth fundamental relations between the
acoustics and the physiology of the vocal mechanism. We will sub-
sequently have occasion to apply the results to analysis-synthesis tele-
phony. In the present chapter we wish to establish similar relations for
the ear. Later we will utilize these in discussions of auditory discrimina-
tion and speech perception.
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4.1. Mechanism of the Ear

The acousto-mechanical operation of. the periphera} ear has b;:grﬁ .pu:
on a rather firm base. This knowledge is <'iue primarily to 'Fhﬁ hn 1:11;1S
cxperiments carried out by G.voN BEkESy, and for wlinc 1 g :vis
awarded the Nobel Prize in 1961. In contrast, present <DOW. ecﬁani-
relatively incomplete about inner-ear processes for conve}:lrtlng me hank
cal motion into neural activity. Still less is kno“{n about the tr‘ansmf on
of neural information to the brain and the ultimate mechanism of p
ception. ' .

pDespite these difficulties, it is possiple to qyan‘ufy certa{n ?gfef};[:
of perception without knowing in Qeta11 what is going 9bn d1ns1 P
“black box”. Subjective behavior, in response to prescri det au Se}:
stimuli, can of course be observed and measureq, apd such data IanreS gme
ful guideposts in the design of speech communlcatlo.n systznz;. Some
instances the correlations between perceptual behav1o§ an1 evli)dgnce
logical operation of the peripherall.eart car&ri):ni)lsﬁz(irlsrzafl fiifgeof aUdi;
iscussion aims to indicate ¢ :
Z)Ig I;)I:;:inotl(;i; and psychoacoustic bt?havior, and to illustrate the ex-
tent to which the two can be brought into harmon)f. .
The primary acoustic transducer 9f the human is shfowlil sc?e;rlllagfé
ally in Fig. 4.1. The acousto-mechanical corpponents of t ; (o} gt n ar
conventionally divided according to three regions, namely, the oute ,
the middle ear, and the inner ear.
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Fig. 4.1. Schematic diagram of the human ear showing ot}ter, mxddle'zrc\ﬁie 1:;e;t:3§tures
T;lge. d.ra.wing is not to scale. For illustrative purposes the inner and mi

are shown enlarged



