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Frontal lobe
of cerebrum

Olfactory tract
Olfactory bulb
Cribriform plate

Olfactory
(1) nerve

epithelium

Superior
nasal
concha

(a) Sagittal view

of ethmoid bone

Olfactory 4
epthelium

Mucus —

(b) Enlarged aspect of olfactory receptors
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Qlfactory bulb
neuron

Olfactory bulb

Cribriform plate

Olfactory (I) nerve

Connective tissue

Olfactory gland
(produces mucus)

Basal stem cell

Developing
olfactory
receptor cell

Olfactory receptor

Supporting cell

Dendrite
Olfactory hair



Epiglottis

Palatine tonsil

Lingual tonsil

Vallate papilla

Fungiform papilla

Filiform papilla

(a) Dorsum of tongue showing
location of papillae

Vallate papilla

Filiform papilla

Fungiform papilla

Foliate
papilla

Taste bud

(b) Details
of papillae

Taste pore

Gustatory hair
Gustatory
receptor cell

Stratified

squamous

epithelium

Supporting Basal cell

cell

Sensory neurons

Connective
tissue

(c) Structure of a taste bud
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Effects of
Different
tastes on
neurons

Number of impulses generated by nerve cells (5 seconds)
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Group 1: responds best to sweets

Group 2: responds best to salts
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Group 3: responds best to acids and salts

Sweet stimuli

Salty stimuli
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Eyebrow Iris Lacrimal
caruncle

Evelash Pupil Upper eyelid
(palpebra)

Lateral Lower eyelid Medial
commissure (palpebra) commissure

Palpebral Conjunctiva
fissure (over sclera)
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Eye terminology

Lacrimal apparatus
Lysozymes
Meibomian glands
Extrinsic eye muscles



Levator palpebrae
5 superioris muscle

Sagittal Superior
rectus

Orbicularis oculi muscle

Eyebrow

Bulbar conjunctiva

Palpebral conjunctiva

Scleral venous sinus
(canal of Schlemm)

Cornea
Optic
nerve
Eyelashes
Tarsal plate

Tarsal glands

Inferior oblique muscle

Orbicularis oculi muscle

Inferior
rectus
muscle

(a) Sagittal section of eye and its accessory structures

FLOW OF TEARS

Lacrimal gland

v

Lacrimal gland Superior lacrimal canal Excretory
lacrimal ducts
Excretory Lacrimal punctum ¢
lacrimal duct i
Lacrimzaliago Superior or inferior
Inferior lacrimal canal lacrimal canal
Nasolacrimal duct . ¢
Lacrimal sac
Nasal cavity ¢

Nasolacrimal duct

Nasal cavity

(b) Anterior view of the lacrimal apparatus
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Tunics

Fibrous tunic

— Cornea (cover)
— Sclera (white

Vascular Tunic

— Choroid (vascular)

— Iris (colored)

— Ciliary body (muscle)
— Pupil (light regulation

Retina

— Photoreceptor layer
— Rods and cones

— Fovea centralis

— Optic disc

) Transverse plane Anterior cavity
! / (contains aqueous Light

humory): ¢

Visual ax|s/ Cornea
SE] | acimal AN WL/ | | of lens
(/. Lacimal sac Af—@ P ART = N W

\ N 7 =S e

Ciliary body:

Scleral venous sinus  Anterior
(canal of Schlemm)  chamber

Posterior
chamber

Ciliary muscle

Ciliary process

Hyaloid canal

Medial rectus
muscle

Vitreous chamber
(contains vitreous body)

MEDIAL J-r‘
¥ |
i35\
Central retinal —— .
artery and vein /| ¢ 'éﬁ f".
< O

Optic disc  Central fovea
Optic nerve (blind spot)
(cranial nerve 11)

(a) Superior view of transverse section of right eyeball

16.06

Lens Zonular fibers

Bulbar
conjunctiva

Ora serrata

Retina

Choroid

Sclera

Lateral rectus
muscle

LATERAL



Transverse plane Anterior cavity
/ (contains aqueous Light
humor):

Scleral venous sinus  Anterior

(canal of Schlemm) chamber Visual axis Cornea
Posterior / Pupil

chamber s,

Zonular fibers
of lens

(LY
7\ o

Bulbar

Ciliary body: conjunctiva

Ciliary muscle

Ora serrata
Ciliary process

Retina

Choroid
Hyaloid canal

Sclera
Medial rectus Lateral rectus
muscle muscle

Vitreous chamber
(contains vitreous body)

MEDIAL LATERAL

)
Central retinal -
artery and vein /

T Optic disc  Central fovea

Optic nerve (blind spot)
(cranial nerve Il)

(a) Superior view of transverse section of right eyeball
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Responses of Puplil to Light

Pupil constricts as Pupil Pupil dilates as
circular muscles of iris radial muscles of iris
contract (parasympathetic) contract (sympathetic)

Bright light Normal light Dim light

Anterior views
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Normal Retina

TEMPORAL NASAL
SIDE SIDE
Central fovea C!ptic
disc
Retinal
Macula lutea blood
vessels

Right eye
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Pigmented
A layer

g
= i
it

Rod X

iy

Photoreceptor o Cone
layer

Outer _
synaptic layer

Bipolar cell Horizontal cell —
layer — Bipolar cell

| Amacrine cell
Inner

synaptic layer

Ganglion cell
Ia:-,rerg — Ganglion cell
I Optic -

nerve :
Path of Direction of E:;;n:;l Rlagd : Nerve impulses
light visual data \prnpagata along
through  processing i optic nerve toward
retina optic disk
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Sagittal plane

Cornea ANTERIOR e

»

Cornea

Posterior chamber )
Iris
Scleral venous sinus e

nterior

Anterior ciliary vein - chamber

Bulbar
conjunctiva

Lens
Sclera

'_'_...__.I.._-r-..-.;_-.-l‘.!.'-l_u Sal] SR

POSTERIOR
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Refraction of
Light Rays

Light ray before

refraction \

Air

(a) Refraction of light rays

Nearly parallel rays
from distant object

Lens

(b) Viewing distant object

= Divergent rays
. from close object

(c) Accommodation
16.11



(a) Normal (emmetropic) eye

Mormal plane of focus Concave lens

(b) Mearsighted (myopic) eye, (c) Nearsighted (myopic) eye,
uncorrected corrected

Convex lens

(d) Farsighted (hypermetropic) (e) Farsighted (hypermetropic)
eye, uncorrected eye, corrected
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Rods and Cones

Rods for B & W
vision (120
million)

Cones for color
vision (6 million)
Most In the
Fovea

L

i .

e

I
|
¥
=)
[

RO

A

.

[l

Golgi complex

INNER SEGMENT

Nucleus

SYNAPTIC TERMINAL '
4S}’naptic vesicles g fral i
D

e N Yol WD

CONE

LIGHT DIRECTION
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Rod disc in outer segment
Rhodopsin

Disc

membrane
Cis-retinal
binds to
opsin

{o Isomerization
of retinal
‘a’s- photopigment  frans-

retinal (rhodopsin)  retinal

trans-

{ retinal

/o Trans~etinal

€) Retinal

isomerase

converts trans- t

to cis-retinal graa e_s
from opsin

Colorless products
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Image Formation

Refraction of Light Rays
Accommodation of the Lens
Constriction of the Pupill
Convergence



cGMP

cGMP-gated
Na* channels open

l Na*

Inflow of Na*t
(dark current)

!

Membrane potential
of =30 mV

&

Y

Glutamate released |
at synaptic terminals a
inhibits bipolar cell r N

a
?a%— Glutamate
" a

(a) In darkness

TEAS

Isomerization of retinal
activates enzyme that
breaks down cGMP

’

cGMP-gated
Na* channels close

l

Inflow of Na® slows

Hyperpolarizing
receptor potential

Glutamate release
turned off, which excites
bipolar cell

(b) In light
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View
+ Visual field
of left eye

Visual field
of right eye

Binocular
visual field

View ANTERIOR

Transverse plane
Visual pathway: P

Optic nerve
Optic chiasm
* Optic
Midbrain chiasm
Optic tract

Lateral
geniculate
nucleus of
thalamus

v

Lateral geniculate
nucleus of thalamus

Optic

Optic radiations radiations

v

Primary visual area Primary
of cortex (area 17) visual area
in occipital lobe POSTERIOR
(a) Inferior view (b) Superior view of transverse section through eyeballs and brain
Visual field of Visual field of
left eye right eye

Temporal
half

Nasal Nasal Temporal
half half half

Left eye

/ Right eye

4 0y
Nasal 1 ﬁ— Tempeoral
retina o \\,.___ = retina

Nasal retina
Temporal

retina

Midbrain

Al

Optic
radiations

Optic
radiations

——

Lateral geniculate nucl 4@/_ Midbrain

Primary
visual area

(c) Left eye and its pathways (d) Right eye and its pathways
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Image Problems

e Cataracts

* Age-related macular disease

* Presbyopia (loss of lens elasticity)
e Color Blindness

e Light and dark adaptation



Hearing and Equilibrium

Frontal
plane

[ External ear
[ Middle ear
[ Internal ear

Semicircular canal
Incus

Temporal bone Malleus

Internal auditory canal

Vestibulocochlear
nerve:

Vestibular branch

Cochlear branch

Auricle —

Cochlea

Stapes in
oval window

Elastic
cartilage

Round window (covered by

) "-I'o nasopharynx
secondary tympanic membrane)

Cerumen

External auditory canal Eardrum Auditory tube

Frontal section through the right side of the skull
showing the three principal regions of the ear

16.17



Auditory Superior ligament
ossicles of malleus

Posterior ligament of incus

Stapes in oval window

/ Facial nerve

Lateral ligament
of malleus

Round window

Anterior ligament

of malleus (cut) Tensor tympani

muscle

MEDIAL
LATERAL

Auditory tube

External auditory canal Middle ear

Stapedius muscle

Frontal section showing location of auditory ossicles
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Bony labyrinth
(contains perilymph)

Membranous labyrinth
(contains endolymph)

Semicircular canals

(tintain semiGicukr Ampulla of semicircular canal

ducts):
Endolymphatic sac
Anterior k.
Posterior Utricle Fadinlh
Lateral Shcils
Cochlea
IR Cochlear
duct
Ampulla of

semicircular duct

Oval window
Secondary tympanic MEDIAL
membrane in
round window
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LATERAL Utricle MEDIAL

Stapes in oval window

Saccule

Scala vestibuli

————____________,.——— Cochlea

Scala tympani
Cochlear duct
Scala vestibuli

Vestibular membrane
Cochlear duct

Basilar membrane

Transmission of
sound waves from
scala vestibuli to
scala tympani
Scala = : by way of
tympani helicotrema

Secondary tympanic
membrane in round window

(a) Sections through the cochlea
16.20a



; Vestibulocochlear nerve:
Utricular nerve
Vestibular branch

Cochlear branch
Saccular nerves

| Vestibular ganglia

LATERAL

MEDIAL

Scala tympani
Scala vestibuli
Ampullary nerves

Spiral organ of Corti
Modiolus

Spiral ganglion
Oval window

Spiral ganglion

Helicotrema
Cochlear duct

(b) Components of the vestibulocochlear nerve (cranial nerve VIII)
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Scala vestibuli
(contains perilymph)

Vestibular membrane

Cochlear duct
(contains endolymph)

Tectorial membrane

Spiral organ
(organ of Corti)

Spiral ganglion

Basilar membrane Cochlear branch of

vestibulocochlear

Scala tympani ik

(contains perilymph)

(c) Section through one turn of the cochlea
16.20c
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Tectorial membrane

Hair bundle
(stereocilia)

QOuter hair cell

Inner hair cell

Supporting cells =

Sensory and motor fibers
in cochlear branch of
vestibulocochlear nerve

Cells lining
Basilar membrane scala tympani

(d) Enlargement of spiral organ (organ of Corti)
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Malleus Incus Stapes vibrating Helicotrema Cochlea
in oval window

Sound waves

Perilymph

Scala
tympani
Scala
vestibuli

Basilar
membrane

Spiral organ
(organ of Corti)

Tectorial membrane

External auditory Vestibular membrane

canal
Cochlear duct

Eardrum (contains endolymph)

Secondary tympanic
membrane vibrating
in round window Middle ear Auditory tube
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Otoliths

Otoliths Otolithic Hair bundle
membrane

Hair cell

Utricle

Location of utricle and saccule
(contain maculae)

Key:
mmssmmn Sensory fiber
mmmssm  Motor fiber

Vestibular branches of vestibulocochlear nerve (cranial nerve VIlI)

(a) Overall structure of a section of the macula

Force of i 3
Otolithic Otoliths Hair cell ; . bl = N ] ¥ Oftoliths

membrane

Hair bundle:

H 1 | Kinocilium

‘ ?—' Stereacilia

Hair cells

Supporting
cell

Head upright Head tilted forward

(c) Position of macula with head upright (left) and tilted forward (right) (b) Details of two hair cells
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Semicircular duct

Hair bundle
Location of ampullae
of semicircular ducts

(contain cristae) Hair cell

Key:
s Scnsory fiber
mmmmmn Motor fiber

Supporting cell

Ampullary nerve

(a) Details of a crista

Crista

R, Cupula sensing movement
Ampullary nerve AN and direction of flow of endolymph

Head in still position Head rotating

(b) Position of a crista with the head in the still position (left)
and when the head rotates (right)
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Words to Know

Cataracts
Glaucoma

Deafness

Meniere’s syndrome
Otitis media
Anosmia

Blepharitis
Astigmatism

Conjuctivitis
Keratitis
Otalgia
Tinnitus
Vertigo

Myopia
Hypermetropia
Presbyopia



More Words

e Hyposmia
e Gustation
e Taste aversion



