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SENSES

vl

Receptors distributed over
a large part of the body

&

General senses

/ X

Located in skin, muscles, joints Located in internal organs

&

Somatic
Pain

Visceral

Touch

Pressure Temperature
Proprioception

Pain Pressure

Receptors localized within
specific organs

g

Smell

Special senses

l Balance
Taste Hearing

Sight



' v v
Cutaneous receptors Chemoreceptors Telereceptors
| L
- - - | -
Taste Smell Vision Hearing
! | | )
Taste buds Olfactory Rods and cones  Hair cells in
receptors in retina organ of Corti
' ' ! ' :
e i il Sl il |
Meisnner Pacinian Krause Ruffini Free
corpuscle and corpuscle end bulb end organ nerve ending
Merke! disk (nociceptor)

*Receptors of cold and warmth are together called temperature receptors (thermoreceptors)



Interoceptors

Receptors Situation
1. Strelch receptors Heart
2. Baroreceptors Blood vessels
3. Chemoreceptors Gl tract
4. Osmoreceplors Urinary tract
Brain

Proprioceptors

— T

1. Muscie spindie

2. Golgi tendon organ
3. Pacinian corpuscle
4, Free nerve ending

5. Hair cells

Situation

Muscle
Tendon

Ligament
Facia
Joint

Vestibular
apparatus




Stimulus Stimulus

*— Receptor

sensory
neuron

to CNS



pa3apazKuTcJib pa3apaxKuTcib

PEUENTOPHBIN
OeIoK
PEUENTOPHBIN apdepentHOE \
OeoK OKOHYaHHE

CliCHaJIMU3pOBaHHas
PCUCIITOPHAA KJICTKa

IY3BIPEK C
MEIHATOPOM

nepexBar A penenTop K
PauBbe MEHATOPY
IIOTECHI[HATT
l JNEHUCTBHS apdepenTHoE
OKOHYaHUE

nepexaar
Pausbe

MOTECHIHAII
JICHUCTBHS
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A4 D
 V
A D
First node
of Ranvier NV 2
. d b Action potentials
Myelin

Receptor L M

membrane Receptor potentials

Stimulus J

Stimulus intensity



Skin

\LA

Electrical -. -‘ -. Dorsal root ganglion

stimulation
Pain A, B (R
1
Touch 2| )
3 )
Dorsal column nuclei
A 4

Spinal cord @) <«Q—




(a) Many primary sensory

neurons converging onto
a single secondary neuron
creates a very large
secondary receptive field.
The two stimuli will be
perceived as a single
point because both
stimuli fall within the
same receptive field.

Compass with points
separated by 20 mm

S —- =
% e - =

Primary
<«——— sensory
neurons

Secondary
sensory
neurons

A

v
One signal goes to the brain.

Compass with points

separated by 20 mm

- W

Primary
sensory ———>»
neurons

Secondary
sensory ———»
neurons

\%

(b) When fewer primary

neurons converge,
secondary receptive
fields are much smaller.
The two stimuli activate
separate pathways and
are perceived as distinct
stimuli.

.........

Two signals go to the brain.




Adapted from Kandel, E. R., Schwartz, J. . , et al. (1995).

. Stamford, CT, Appleton & Lange.



Rapidly adapting
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potentials

Stimulus

intensity

Time

Slowly adapting
Action 11 I I O O

potentials

Stimulus

intensity

Time



Al (difference threshold)

Background Intensity (I)

Al

= const.



Fechner's Law. ‘VP=klogl
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3akoH Bebepa - dexHepa

S — BenuumHa oLLyLLIEHHS YenoBeka
(MHTEHCUBHOCTL OLLYLLIEHWSA)

K— Ko3aththuueHT NponopUMOHaNBHOCTK
J — ypoBeHb (3HayeHne) pasapaxuTens

Jo— NOPOroBsbIA OUYTUMbIA YPOBEHD
paszapaxuTens



Mean magnitude estimations (S)
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Psychophysical Function
Stevens’ Power Law: § = al™

Electric shock
(m=1)

Brightness
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One cycle of tuning fork
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— A. Wavelength, wave amplitude and wave types
I
|
| |
Wavelength

1/
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Sound pressure
o

Change in frequency

Wavelength Higher pitch
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Lower pitch

Change in intensity
Quieter Louder
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Pure tone

Fundamental and overtones

Noise
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Beat tone
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Temporal -
bone

(a)



Outer ear Middle ear Inner ear

Auditory ossicles transmit vibrations
to oval window of inner ear
(Malleus, incus, stapes).

Semicircular canals are
also involved in balance.

Ceruminous glands
secrete cerumen
(earwax), which
protects ear from
foreign objects.

Vestibule contains two
sacs involved in balance
(utricle, saccule).

Temporal bone

Vestibulocochlear (VIII)
nerve transmits nerve
impulses to brain:

e \Vestibular branch

* Cochlear branch

Auricle collects sound
waves and directs
them to external
auditory canal.

External auditory canal
directs sound waves to
eardrum (tympanic
membrane).

Eardrum (tympanic
membrane) vibrates with
incoming sound waves.

Cochlea connects
fluid pressure waves
into action potentials.

Elastic
cartilage

Round window
eliminates the
sound waves
that have been

heard. Auditory (eustachian) tube

connects middle ear with
nasopharynx and equalizes
air pressure behind eardrum.

D Outer ear

I middie ear

|:| Internal ear
The Ear Is Involved in Hearing and Equilibrium 241
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‘ Auditory Ossicles

Malleus Incus Stapes

L& Sk

Temporal bone ——
(petrous part)

Stabilizing \
ligaments Oval k
_ windoi“ﬁ\ Muscles of
Branch of facial the Middle Ear
nerve VIl (cut) |
| | T - Tensor tympani
External 9 P - NN muscle

acoustic meatus

Tympanic cavity

: - Stapedius muscle
|

(m_:_ddle ea.r) ' Round window
mpanic — |
mé’mgrane Auditory tube



Malleus attached to
tympanic membrane

Malleus

Tendon of tensor
tympani muscle

Incus

Base of stapes
at oval window

Stapes

Stapedius muscle

Inner surface of
tympanic membrane




CTpeMeHHasq

BepxHas  Mbilua
Ocb BpalleHns cBA3Ka

BucoyHasa
KOCTb

BecTtubynapHas
necTHuua

OBanbHOE OKHO

JlaTepanbHasq
CBA3Ka
CTpemeyko S
MonoTouek BasundapHaq
HakoBanbHA MeMOpaHa
Mbiwua
E:g:t?:::: ; naTAeaAoHan Kpyrnoe
bapabaHHyto it
nepenoHKy
EBcTaxuesa Tpyba bapabatHas
necTtHuua

HapyxHoe CpenHee :
yXxo | yXO : yX0



Outer ear Middle ear Inner ear

B =
e RN A N T
A [V ~ window
Malleus 4 > W
l | —Basilar
Sound |
wave .lf ! * ‘membrane
'] | -« |
Tympanic —— ——Secondary

L

membranel = = - Fluid  tympanic
_J l S membrane
: e A _ (inround

Auditory window)
tube




Oval window

Vestibular
membrane

Cochlear duct
(scala media)

Cochlear nerve

(a)



Stapes in oval window

he
d Cochlea
1e
e,
Arrows ¢
of fluid n
rt_,

Basilar membrane

Round window
a. Internal ear



Round window

The Cochlea.
KEY

Stapes at

oval window From oval window

to tip of spiral

# From tip of spiral

to round window

Scala vestibuli ——

Cochlear duct ——

Scala tympani ——

Semicircular
canals

Cochlear  Vestibular
branch branch
L |
|
Vestibulocochlear

nerve (N VIII)




= Spiral ganglion

Vestibular
membrane

Cochlear duct
(with
endolymph)

Tectorial
membrane

Spiral
organ

Basilar
membrane



Spiral organ
(organ of Corti)

Basilar
membrane

Spiral
ganglion

Cochlear
branch of
vestibulo-
cochlear
(VII) nerve



Scala vestibuli is filled with

perilymph and connects at its | | Scala media is filled
large end to the oval window. | | with endolymph.
Scala Scala Stria Spiral
vestibuli media vascularis  ligament
N Y OCA‘."- e S I e

.90

N

Reissner’s

Spiral ganglion

nglion |
Cochlear nerve gangio

4003'0: N
te? .

membrane

Efferent //'“-4 0
axons Inner Scala Basilar
hair cell tympani  membrane
Scala tympani is filled with

perilymph and connects at its
large end to the round window.




cocyaucras
MosioCKa

Kpaesble
KNETKN

sHgoumMpa

cnupanbHan
CBA3Ka

NMPOMEXYTOYHbIE
KIETKN

nbpoLuTh|
cnnpanbHon

Q CBﬂ3,b

_Nepunumea

KpaeBble KNneTku nepeHocaT
K+ 13 uHTpacTpuansHom
KMOKOCTY B 3HAONUMAY .

OHAO0KOX1eapHbIi
noTeHynan cosfaércs

3a CYET KarnueBbIX KaHasos
NPOMEXYTOYHBIX KNETOK.

OnbpouuThl Hakannueaiot K,
1 MOHbI Kanus
nepeMemeLLaoTcs

B NPOMEKYTOYHbIE KNETKM.




Outer
hair cell
Hair
cell
, Sensory and
Supporting motor fibers
cells in cochlear branch
Basilar membrane of vestibulocochlear

(VII) nerve
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Malleus Incus Stapes vibrating Cochlea
in oval window

Sound waves £t @
4 AL

Basilar
~ membrane

External audito

canal ' ~ Spiral organ

(organ of Corti)

Ear drum

Round window
Middle ear Auditorv tuube



Unstimulated

Tip link

Mechanically
gated K*
channel

Stereocilia

K+

Surface of
hair cell

,._‘,.A.‘.'..

e’ e R

K* gate
closed

Stimulated
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5
E

Receptor

Depolarization Hyperpolarization

Spontaneous  Increased impulse Decreased impulse
activity frequency frequency

Excitation Inhibition




A UPWARD BOWING OF BASILAR MEMBRANE

Tunnel Deiter’s
of Corti ' cells

Inner hair Basilar membrane
cell bowing upward



B INNER HAIR CELL C OUTER HAIR CELL

(b)
Tip links stretch

Stereocilia

[
vl
i l +80 mV |

) —70mV ’ ,

) | ©
y ~Prestin

Efferent axon
Afferent dendrite

Deiter’s
cell



D DOWNWARD BOWING OF BASILAR MEMBRANE

Pillar cells | Perilymph

Basilar membrane
bowing downward



Peak
displacement
of basilar
membrane
(nm)

100

10

0.1

0.01

0.001

Base Apex
(stapes) (helicotrema)

Actual response
with cochlear
amplifier intact

\

----------------- ------f-4--- Threshold --
Response of passive
basilar membrane

0 5 10 15 20

Position along basilar
membrane (mm)



Cochlea /\200 Hz

Base

£
Width Basilar
of cochlea membrane

Round
). s, window

I

.
Yo

Apex
Helicotrema

/ j/__?

s

The basal end of the [...than its apical end.]
basilar membrane

is narrower and

also approximately
| 100-fold stiffer...

(covering
oval window)

Proximal end
(attached)

Distal end
(free)

— i

20,000 5,000 1,000 500 200 Hz




Stapes ( COChIea

at oval 16,000 Hz 6000 Hz 1000 Hz
window ¢ v ! .
|
Bound ' Basilar membrane
window

B} The flexibility of the basilar membrane varies along its length, so presure waves
of different frequencies affect different parts of the membrane.

Stapes C
moves Basilar membrane distorts
inward toward round window
)
Round \l_/
window <—
pushed
outward /

BJ The effects of a vibration of the stapes at a frequency of 6000 Hz. When the
stapes moves inward, as shown here, the basilar membrane distorts toward the
round window, which bulges into the middle-ear cavity.

Stapes (
MOVES <«—
outward /T\ :
Round Basilar membrane distorts
window _’> toward oval window
pulled [/
inward

B3 When the stapes moves outward, as shown here, the basilar membrane
rebounds and distorts toward the oval window.
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A ENVELOPE OF MAXIMUM

WAVE AMPLITUDES
Basilar membrane
displaced by sound
Direction of at two points in time
wave travel Helicotrema
Sound wave = l
IN/\/ 4 Ovalwindow  \\ _.--"7777" W
Scala vestibuli
Stapes’ |besccmocgeoo--cos . .
Round window: s !
' Scala tympani >
_____ > e
|
Envelope of Basilar APEX
BASE ensemble of membrane

waves at rest



A BbICOKOYACTOTHbIV 3BYK

|

LIHC onpegnensiet pasHu-
Ly B UHMEHCUBHOCMU
3ByKa Mexay ABYMs

LIHC onpegnensiet 3a-
OepXKKy 3ByKa Mexay
ABYMSI yLuamu
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Medial
clivocochlear
efferenis

Type |
Spiral ganglion
Type Il

Radial fibers

Quiter spiral bundles

Lateral
olivocochlear
efferents

-

Tectorial membrane

Potential difference betweaen
endolymph and perilymph = +80 mV

e g
L ~ Typell cells Olivocochlzar
Basilar membrane ?grmin e -
L Type | cell ferminals

terminals Perilymph:
high [Na*]



Primary =~ <o
auditory 2>
cortex /
Temporal / Medial
lobe of geniculate
cerebrum nucleus of
thalamus
Cochlea

Cochlear tuning

L
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s
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£ Auditory
< reflex (head

/ turning)
Neck

muscles

S

Inferior colliculus
of midbrain

Superior olivary
nucleus of pons

— Cranial nerves
V5 and VI

Tensor tympani and
stapedius muscles
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}

Cochlear nuclei

Tympanic reflex
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—

Cranial nerve VIII

of pons
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MONAURAL PATH

tract

AUDITORY ASSOCIATION CORTEX

PRIMARY AUDITORY CORTEX

MEDIAL GENICULATE NUCLEUS

INFERIOR COLLICULUS
> :

ANTERIOR NUCLEUS OF
LATERAL LEMNISCUS

POSTERIOR COCHLEAR NUCLEUS
ANTERIOR COCHLEAR NUCLEUS

> arcuate fasciculus 'db)

¢|>——— geniculocortical radiations —— >

cI>———brachium of the inferior colliculus ——>

acoustic stria

¢|>——————trapezoid body

BINAURAL PATH
AUDITORY ASSOCIATION CORTEX

PRIMARY AUDITORY CORTEX

MEDIAL GENICULATE NUCLEUS

INFERIOR COLLICULUS

<> — lateral lemniscus = <{;

POSTERIOR NUCLEUS OF
LATERAL LEMNISCUS

|

SUPERIOR OLIVARY COMPLEX

D

ANTERIOR COCHLEAR NUCLEUS

>———— vestibulocochlear nerve ———
SPIRAL GANGLION CELL SPIRAL GANGLION CELL
> radial bundle >
HAIR CELL

HAIR CELL
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;——— 7 Auditory cortex

/ / b Corpus callosum
’ Al
\ J Medizal geniculate nucleus: All
Anterior division
/ Postericr division /
/ / /r— Medizl division
s/
\
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L% L

—— Commissure of
inferior colliculus

Brachium of <~
inferior colliculus W /m

Inferior colliculus:
Pericentral nucleus
——External nucleus
Central nucleus

B

Posterior tegmental
commissure

Posterior acoustic stria

Posterior nucleus of LL~—___

Anterior nucleus of LL —_

Lateral lemniscus (LL)

- Lateral superior
olivary nucleus

Medial supericr

Superior olivary complex
olivary nucleus

Posterior
bl ,Anten'or

NN

nerve

Trapezoid body

Medial nucleus

H  Medial lemniscus —— of trapezoid body /

Cochlear nuclei:

P Cochlear



Figure 17-32 Pathways for Auditory Sensations.

Projection fibers then deliver
the information to specific
locations within the auditory

o \__/ | cortex of the temporal lobe.
~ Stimulation of hair cells at a Q@
\_—_____,/

specific location along the
basilar membrane activates
Sensory neurons.

High- 2
frequency (
sounds

% - Ascending acoustic
information goes to the

medial geniculate nucleus.

Low-frequency
sounds

Cochlea

M Low-frequency

; /l sounds

High-frequency
sounds

Vestibular

. The inferior colliculi direct a variety of
)". \ // unconscious motor responses to sounds.
‘ To reticular
1 formation and

To
cerebellum

Sensory neuror]s c_arry the : | | motor nuclei of
sound information in the cranial nerves
cochlear branch of the

tibul hi 1] z
vestibulocochlear nerve (Vi) VEEABIGEEERIESR “ '~

to the cochlear nucleus on (V1)
that side. nene

Information ascends from each cochlear
nucleus to the inferior colliculi of the midbrain.

KEY

< Primary pathway
<— Secondary pathway
<€ Motor output

Motor output
to spinal cord
through the
tectospinal tracts
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temporal gyrus)
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