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FIGURE 15.6 The vestibular apparatus is a membranous, fluid-filled sac that

occupies a cavity in the temporal bone, near the cochlea, and is the nonhearing
part of the inner ear. It consists of three semicrcular canals—anterior, posterior,
and horizontal—and two otolith organs—the utricle and saccule—on each side

of the head.

(b) Endolymphatic  Cristae within
duct _ampullae

Ultricular —
Utricle macula :
Sem.l(‘.]rcula_r Coch]_ea:
canals:
Anterior
Posterior —-
Horizontal (

From: Wolfe, JM, Kluender, KR, Levi, DM, Bartoshuk, LM, Herz, RS, Klatzky, RL, Lederman, SJ, Merfeld, DM
(2008). Sensation and Perception, Second edition. Sinauer Associates, Inc. Sunderland MA.



i(b) Cross-sectional view

Hair cells

Supporting cells il

Nerve fibers ==

Hair Cells
9 8 b 6

[ERINEEREN
Resting Increased
discharge impulse
frequiency
Excitation

Direction of depolarizing
(excitatory) deflection

Decreased
impulse
frequency

|

Inhibition

From: Wolfe, JM, Kluender, KR, Levi, DM, Bartoshuk, LM, Herz, RS, Klatzky, RL, Lederman, SJ, Merfeld, DM

GURE 15.7 Hair cell responses. (a) In the
absence of stimulation, the hair cells have a neg-
ative voltage and release neurotransmitter at a
constant rate, evoking a constant rate of action
potentials in the afferent nerves. When hair cell
stereocilia bend toward the kinocilium and the
tallest stereocilia, the hair cell voltage becomes
less negative (depolarizes). When the stereocilia
bend away from the kinocilium, the voltage
becomes more negative (hyperpolarizes). These
voltage changes control the rate at which hair
cells release neurotransmitter. (B) A cross-sec-
tional view of a hair cell array, showing the
direction of deflection that causes depolariza-
tion. () A top view of a hair cell array.
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e = Kg cos(¢)

Figure 110-6. The directional sensitivity of the hair cell ap-
proximates a cosine function of stimulus direction; the output
varies as the cosine of the angle berween the direction of maxi-
mum sensitivity and the applied displacement. (Adapted from
Loewenstein WER. Handbook of sensor physiology. Vol 1.
Principles of receptor physiology. New York: Springer Verlag,
971:415.)
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FIGURE 15.8 The semicircular canals. The inner ear
has three roughly doughnut-shaped semicircular
canals. Each canal has a swelling near the vestibule
called an ampulla, where angular motion is detected
by hair cells in the crista. Within each crista, all of the
hair cells are aligned.
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(@) Tuming motion of head FIGURE 15.10 The semicircular canals
function in pairs that have a push—pull
relationship. (@) Bilateral stimulation of
the horizontal semicircular canals as the
head turns to the right (a yvaw head rota-
tion as shown in Figure 153¢, but in the
opposite direction). This vaw rotation
produces relative moverment of the
endolymph in the horizontal semicircu-
lar canals on both sides of the head. The
moverment of the fluid bends the hair
cells toward the tallest stereocilia on the
right side, which depalarizes these hair
cells and increases the rate of action
potentials for neurons from the right
side. The hair cells move away from the
tallest stereocilia on the left, hyperpolar-
izing the hair cell voltage and decreasing
the rate of action potentials for left-side
neurons. This response—an increase an
one side coupled with a response
decrease on the other side—is often
called a “push—pull response.” (k)
Arrangement of the canals in functional
push—pull pairs. The two horizontal
canals form one pair. The right anterior
canal and the left posterior canal farm
another pair. Mote that the maximum-
sensitivity axes for the right anterior and
|left posterior canals are parallel. This
means that they maximally respond to
rotations around the same axis. The
push—pull nature of this canal pairisa
consequence of the opposite directions
of their maximum-sensitivity rotations,
as shown by the green arrows. The left
anterior canal and the right posterior
canal also form a similar push—pull canal
pair.
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FIG. 8.5 The semicircular canal (diagrammatic). (From Jones and
Milsum.)
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Momnalized response of canal neuron
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