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• FlGURE 6-36 Transmission of Sound Waves (a) Fluid movement within the perilymph set up by vibration of the oval window follows 
two pathways: (I) through the scala vestibuli, around the helicotrema, and through the scala tympani, causing the round window to vibrate; and (2) a 
"shortcut" frorn the Kcala Vl:stillllti thrcntHh the: twsil<tr tCit:lllltr<tuc: to I tiC' ,. . .,t,, ly111pnui . Tl11· li.,.t t>••lhw.•y ju~Hiis.-;ipal<'~ "'"""t <'ll<'lt(Y, t.utttt<• ~,., ... , .. t 
pathway trig~ers activation of the receptors lor sound by bending the hairs of the hair cells as the organ of Corti on top of the vibrating basilar mem
brane is disr aced in relation to the ovcrlyinR tectorial memhrane. (h) 11illerent r<•!!ions nl the h11sifar nwmhr;uw vihrall' m<~xim<~lly ill clill<'r<'nt lr<'· 
quencies. (c) The narrow, still end of the basilar membrane nearest the oval wjodow vibrates best with high-lrequeucy pitches. The wide, flexible end 
of the basilar membrane by the helicotrema vibrates best with low-frequency pitches. 
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• FlGURE 6-35 Middle Ear and Cochlea (a) Gross aniltomy 
of ill<' nriddlt• ''"' """ ··nt·ltlt•;t, with""' nll'ltlt•;t "unrolll'd ." (h) Cross 
section ol cochlea. (c) Enlmgement ol organ ol Corti. 

flttid fill<'d n)('ltiP;I. 1\.s lilt' lympanil' IIH'Illhriltll' vihmi<'S in 
response to sound waves, the chain of bones is set into mo
tion at the sanH' frequpm·y, transmitting this frequency ol 
movement from the tympanic membrane to the oval window. 
The resultant pressure on the oval window with each vibra
tion produces wavelike movements in the inner ear nuid at 
tlw same lrequPncy as the ori!{inal sound waves. llowever, as 
noted earlier, ~realer pressure is required to set nuid in mo
tion. Two llll'ChunbtliS related to the ossicular syslcllt untplily 
the pressure of the airborne sound waves to set up nuid vi bra· 
tions in the cochlea. First, because the surface area of the tym· 
panic membrane is nnJCh larger than that ol the oval window, 
pressure is inc·reilscd ;1s Ioree t'XNtC'd on the tympanic mcm-

. brane is conveyed to the oval win<iow (pressure = force/unit 
' <lreil) . Second, the lever action of the ossicles provides an ad
ditionalnu•l'haHkal iHivanla~l'. ToKPIItPr, tlwsP mPcltanisms 
increase the force exerted on the oval window by twenty 
tinu's wlwt it would lw if the sound wilve struck the oval win
dow directly. This additional pressure is sufficient t.o set the 
cochlear Ouici in motion . 

Several tiny muscles in the middle ear contract renexly in 
response to loud sounds (over 7.0 dB), causing the tympanic 
membrane to tighten and limiting movement of the ossicular 
chain . This reduced movement of middle ear structures di
minishes the tronsmis.'5ion of loud sound waves to the inner 
ear to protect the delicate sensory apparatus from damage. 
TI1is rcn<"x response is relntively slow, however, happening at 
least 40 msec after exposure to a loud sound. It thus provides 
protection only from prolonged loud sounds, not from sud
den loud sounds like nn explosion. 
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Hair cells in the organ of Corti transduce fluid 
movements into neural signals. 

The snail-shaped cochlear portion of the inner ear is a coiled 
tubular system lying deep within the temporal bone 
(Fig. G-32). It is easier to understand the functional compo
nents of the cochlea by "unrolling" it, as shown in Figure 
6-~Sa. The cochlea is divided throughout most of its length 
into three nuid-filled longitudinal compartments. A blind
ended cochlear duct, which is also known as the scala media, 
constitutes the middle compartment. It tunnels lengthwise 
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Pressure waves of frequencies associated with sound re-I 
ception take a "shortcut." Pressure waves in the upper com
partment are transferred through the thin vestibular mem
brane, into the cochlear duct. and then through the basilar 
membrane into the lower compartment. where they cause 
the round window to alternately bulge outward and inward. 
The main difference in this pathway is that transmission of ' 
pressure waves through the basilar membrane causes this 
membrane to move up and down. or ~Q~~t~. in synchrony 
with the pressure wave. Since the organ of Corti rides on the 
basilar membrane, the hair cells also move up and down as 
the basilar membrane oscillates. Because the hairs of the re
ceptor cells are embedded in the stiff, stationary tectorial 
membrane. they are bent back and forth when the oscil lating 
basilar membrane shifts their position in relationship to the 
tectorial membrane C Fig. 6-37). This back-and-forth me
chanical deformation of the hairs alternately opens an,d 
closes mechanically gated ion channels (seep. 81) in the hair 
cell. resulting in alternating depolarizing and hyperpolarizing 
potential changes-the receptor potential-at the same fre
quency as the original sound stimulus. 

Thus, the ear converts sound waves in the air into oscillat
ing movements of the basilar membrane that bend the hairs 
of the receptor cells back and forth. This shifting mechanical 
deformation of the hairs alternately opens and closes the re
ceptor cells' channels, which bring about graded potential 
changes in the receptor that lead to changes in the rate of 
action potentials propagated to the brain . In this way, sound 
waves are translated into neural signals that can be perceived 
by the brain as sound sensations ( Fig. 6-38). 
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Figure 21-5. Structure of the cochlear duct and spiral organ (organ of 
Corti). 
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The primary auditory cortex (areas 41 and 42 of 
Brodmann) includes the gyrus of Hesch! on th~ uenr w· 
~~ superior temporal gyrus, ana t e ,, 
ad.jommg part oTtfi:e femporal operculum ol the insula. . 
'Columnar organization' is obvious, the 'columns' 
being in fact stripes disposed mediolaterally. Each 
stripe is an isofrequency b nd, and the cortical 

rr n ement is tonoto ic: hi tones exci'tetF\e 
postenol} stripes and ow tones exc1te the anterior 
~e stripes are maximally excited from e 

rnlateral sound field. Virtually all of the neurons are 
binaural.~ · 
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FIGURE 2 5. 6 The Weber.and Rinne tuning fork tests. (a) The Weber test to 
evaluate whether the sound remains centralized (normal) or lateralizes to one side 
or the other (indicative of some degree of conduction or sensorineural deafness). 
(b and c) The Rinne test to compare bone conduction and air conduction. 

(b) R ~· n V\ e {est (c) 

Weber Test to Determine Conduction 
and ~sor~ra/ Deafness. ( N e Y V"'L d ~t.f n~5s) 
Strike a tuning fork and place the handle of the tuning fork 
medially on your partner's head ee Fiaure 25.6a . Is the tone 

*-equally ~ud m ~th ear~or is it ouder in one ear? "X- -
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l. Strike the tuning fork, and place its handle on your part
ner 's mastoid process (Figure 25.6b). 

2. When your partner indicates that the sound is no longer 
audible, hold the still-vibrating prongs close to his auditory 
canal (Figure 25.6c). If your partner hears the fork again (by 
air conduction) when it is moved to that position, hearing is 
not impaired and the test result is to be recorded as positive 
( + ). (Record below step 5.) 

3. Repeat the test on the same ear, but this time test air
conduction hearing first. 

4. After the tone is no longer heard by air conduction. hold 
the handle of the tuning fork on the bony mastoid process. If 
the subject hears the tone again by bone conduction after 
hearing by air conduction is lost, there is some conduction 
deafness and the result is recorded as negative (- ). 

5. Repeat the sequence for the opposite ear. 

Right ear: Left ear: _______ _ 

Does the subject hear better by bone or by air conduction? 


