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The layers of the eyeball provide protection, nourishment, and - - -
the “screen” that transduces light images into nerve impulses. C:")tea . s;?;::z;‘é"s'zlg?:sms &
admits an .
Layers of the eye Light bends light. Vascular tunic
Anterior cavity contains aqueous Pupil is ciliary body, lens, and choroid.
humor that maintains shape and the opening. = . :
supplies oxygen and nutrients to Nisiial axis Neural tunic consists of the retina.
lens and cornea.
Iris regulates the size of the pupil and
/) . the amount of light entering the eye.
// s N :
, Lens bends light.
Ciliary body secretes
aqueous humor and
:Jnrer:Zas:‘ ;?fea:) Lit:izr:ens | < % Retina converts light into
’ % nerve impulses (output to brain).
Choroid provides blood supply
and absorbs scattered light.
Medial rectus
muscle moves
Sy itodan; Sclera provides shape
and protects inner parts.
Inside is the vitreous
chamber, which
contains the vitreous
body that maintains
shape and keeps the
MEDIAL retina attached.

Lateral rectus muscle
moves eye laterally.

Blood vessels — —

9
Optic nerve carries -———-.“‘iL_

axons of ganglion

: Fovea centralis is the center of the retina and has the highest
cells to the brain.

concentrations of cone cells, which makes it the area of highest visual acuity.

Optic disc is site where axons exit
and has no rods or cones (blind spot).
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Light ray before
refraction \

Air
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Air —

n=1.00 e
Lens Vitreous body
n=1.40 n=1.33
Y Retina
>
Cornea —
n=1.38

Aqueous humor
n=1.33

(b)




B REFRACTIVE INDEX OF Refractive
EYE COMPONENTS Index

| Light
Air > 1.0003
Cornea » 1.376
/ Aqueou > 1.336
humor

> 1.386

Vitreous > 1336
humor '
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CseTonpesioMAAWMM annapaT
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A
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3PUTEIBbHBIN
HCDB nepeaHss
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E) Light from a point at the top of an object B3 Light rays projected from a vertical object show
is focused on the lower retinal surface. why the image arrives upside down. (Note that
the image is also reversed.)

B Light from a point at the bottom of an object ] Light rays projected from a horizontal object
is focused on the upper retinal surface. show why the image arrives with a left and
right reversal. The image also arrives upside
down. (As noted in the text, these representa-
tions are not drawn to scale.)






Chromatic aberration
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Spherical aberrations

A convex spherical lens refracts peripheral rays
more strongly than paraxial rays, so peripheral

rays are focused closer.
A
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Relatively
thin lens

Relatively—/ %

dilated pupil

Relatively
thick lens

Relatively
constricted pupil

Emmetropia Convergence
(a) (b) lens accommodation

Pupillary miosis and

Ciliary muscle

Inined contracted
Suspensory Suspensory
ligament taut ligament relaxed
icken
Lens thins Lens thickens

(a) Distant vision (emmetropia) (b) Near vision (accommodation)



AKKOMOJaLMOHHbIN annapar,
XpycTanuk

BOJIOKHA PECHUYHOM MBIIIIIBI

N pacciiabJeHbI

| \ ITOJIBEIIIMBAIOIIHE CBI3KH
A HATSIHYThI

1 XPYCTAIUK IUIOCKUU U

4)// chHOKyCUpPOBaH Ha JAJIEKO

¢,  PACIIOJIOKEHHBIE OOBEKTHI

BOJIOKHA PECHUYHOW MBIIIL{bI
N COKpaILCHbI

R 110/IBEIIMBAIOIINE CBA3KU
paccialiIeHBI

XPYCTAIUK BBIITYKJIBIA U
C()OKYCUPOBAH HA OJHU3KO
PaCIIOJI0XKECHHBIE OOBEKTHI




1. Light is refracted as it
enters the eye through
the cornea.

Nearly parallel rays
from distant object

)

5. Nerve impulses
are conducted
to the brain via
the optic nerve
(CNI).

Lens

4. The photo-
receptors of
the retina
transduce the
light into nerve
impulses.

Divergent rays
from close object

2. Ciliary muscles shape the lens
to allow focus on either near or
distant objects (accommodation).

3. The light focuses as an
inverted image on the retina.
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Focal plane — Focal plane

Focal plane

Uncorrected Uncorrected
+ -
Y
Corrected Corrected
Convex lens Concave lens

(a) Emmetropia (normal) (b) Hyperopia (farsightedness) (c) Myopia (nearsightedness)



— C. Presbyopia, myopia and hyperopia

Correction

Distant object (atoo) Nearby object
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Trochlea

—— Superior oblique

™
Optic nerve :

Muscies: % tendon
Superior oblique Y/
Superior rectus $
Medial rectus Muscles:

Superior rectus

Lateral rectus Inferior rectus

Inferior oblique

Inferior rectus
Levator palpebrae

superioris (cut)

(a) Lateral view

(b) Superior view
- Levator palpebrae |
Superior superions muscle
Trochlear nerve (IV) — oblique
muscie
L Superior rectus
muscle
Lateral Medlsln rectus
Abducens nerve (VI) H rectus muscle — Oculomotor nerve (Il
muscie
Inferior rectus
muscle
Inferior oblique
muscle




blind spot
i

axons of 3
ganglion cells

light rays

to optic nerve
sclera

choroid

ganglion
cell layer bipolar
cell layer

rod cell and
cone cell layer

a. Drawing of retina
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BOJIOKHA
3pUTEIBLHOTO——
HepBa

I'aHITIMO3HBIC |
KJICTKHU

AMAaKPHUHOBBIGQ

KJIETKH
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A CENTER OF THE
RETINA (FOVEA)

b e Y
|
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Rod

receptors

R

Ganglion cells

Receptive fields
of ganglion cells

B PERIPHERY OF
THE RETINA

{0

“ o)

o |

The receptive field of ganglion
cells at the retina periphery is
much larger than that at the
fovea.
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Direction of light

Receptor
layer
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Quter nuclear
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Outer
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Pigment Epithelium

The pigment epithelium
absorbs photons that are
not absorbed by visual
pigments.

Melanin granules

Outer Segment

The outer segment of a
photoreceptor contains
flattened membranous plates,
or discs, that contain the
visual pigments.

Inner Segment

The inner segment contains
the photoreceptor’s major
organelles and is responsible
for all cell functions other than
photoreception. It also
releases neurotransmitters.

Each photoreceptor
synapses with a bipolar cell.

v AW‘NU&V\W WWN@J\(‘Q@W’\O&

&

Bipolar cell

B} structure of rods and cones.

In a cone, the discs are infoldings of
the plasma membrane, and the outer
segment tapers to a blunt point.

In a rod, each disc is an independent
entity, and the outer segment forms an
elongated cylinder.

Discs
Connecting —\K'
stalks d

Golgi
apparatus

uciel \{

Rods

Retinal

B structure of rhodospin molecule.
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Rod

Cone




Rod

Cone
Outer—
segment
Rod — o B Stalk
Inner— Mitochondria
segment
Cone
Nucleus
Cell —
body

Synaptic
vesicles

FIGURE 16.35 Rod and Cone

Cells. (a) Rods and cones of a salamander
retina (SEM). (b) Structure of human rods
and cones. (b)



Disc
Quter _|
segment Outer membrane
Folding of outer
membrane to
- form discs
Inner __
segment
Nuclei .
Outside Opsin Riisdopek
of disc Retinal
membrane
Disc i
membrane
Synaptic ~
ending y

Inside
of disc
membrane

(@)

(b) (d)



FIGURE 16.36 Structure and Location of the Visual
Pigments. (a) A rod cell. (b) Detail of the rod outer segment.
(¢) One disc of the outer segment showing the membrane
studded with pigment molecules. (d) A pigment molecule,
embedded in the unit membrane of the disc, showing the protein
Cell membrane moiety, opsin, and the vitamin A derivative, retinal. (e) Cis-retinal,
the isomer present in the absence of light. (f) Trans-retinal, the
isomer produced when the pigment absorbs a photon of light.

Disc

(a)

(d) f Trans-retinal
(bleached)
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11-cis retinal and
opsin are reassembled
to form rhodopsin.

Once the retinal has been
converted, it can recombine
with opsin. The rhodopsin
molecule is now ready to
repeat the cycle. The
regeneration process takes
time; after exposure to very
bright light, photoreceptors
are inactivated while pigment
regeneration is under way.

On absorbing light, retinal changes

to a more linear shape. This change
activates the opsin molecule.

ADP “ATP
N A
oﬁﬂzyme

11-cis
retinal

p——
(4]

<

The retinal is converted to
its original shape. This
conversion requires
energy in the form of ATP.

it
11-trans
retinal

11-trans retinal

After absorbing a
photon, the rhodopsin
molecule begins to
break down into retinal
and opsin, a process
known as bleaching.

Opsin activation changes
the Na* permeability of the
outer segment, and this
changes the rate of
neurotransmitter release by
the inner segment at its
synapse with a bipolar cell.

Changes in bipolar
cell activity are
detected by

one or more
ganglion cells.
The location of
the stimulated
ganglion cell
indicates the
specific portion of
the retina
stimulated by the
arriving photons.

Neuro-
transmitter
release

s— Ganglion
cell




C VISUAL TRANSDUCTION

Visual pigment - |
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i) Rhodopsin (1) Rhodopsin
absorbs no light absorbs light

Rod cell

@ Rod cell releases

2) Glutamate
glutamate y secretion
: ceases

© Bipolar cell ‘ Bipolar cell L 3) Bipolar cell

inhibited no _anger
inhibited
'’ I:’ N
@ No synaptic s [4) Bipolar cell
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activity here R - :
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@ No signal in ———

[5) Signal in
optic nerve fiber ®

optic nerve fiber
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A On-center field F Off-center field
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Central spot
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— B. Receptive fields of “on” ganglion cells (1, 2) and “off” ganglion cells (3, 4)

Center
lighted

IOl

Periphery
lighted

@@@

3 Center
lighted

Periphery
lighted

OQO

T




— C. Receptive field-related contrast (on ganglion cells)

Sum of stimuli: +4  Sum of stimuli: 0




— A. Adaptation

Rod
adaptation

Cone

g 10% adaptation
E ______
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— B. Differential threshold and luminance —
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0.8

S
~

S
o)

Q
()

S
~

O
W

o
N

o
-

i
|
|
==y
|
|
b
l Threshold
' for day vision
i3
_ir_
l Smallest
! differential threshold
| (0.01)
|
= |
|
| oy _

| |
10° 10° 10"

Relative luminance

(After G. Schubert)



— C. Mechanisms for adaptation

Dim light Bright light Dim light Bright light
1 Pupil reflex 2 Sensory proteins
‘ = i
£ L =i —giag s
Wide pupil Narrow pupil Ample Sparse
Rhodopsin and transducin

3 Spatial Summation 4 Temporal Summation

== —— A . A, .
—— — Dim light Bright light
—— ——
—— ——
—— —
D (—ﬁ o
—— —o— S
—— — =
—— —_ — a.
- e s B
. . o _ — Time Time
Large retinal area Small retinal area ) —
for each neuron for each neuron Longer stimulus Brief stimulus
required for AP sufficient for AP
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Pupillary constrictor TN
(sphincter) s -

Pupillary dilator
(radial) The pupillary constrictor muscles
form a series of concentric circles
around the pupil. When these
sphincter muscles contract, the
diameter of the pupil decreases.

Decreased Iight intensity Increased light intensity
Increased sympathetic stimulation Increased parasympathetic stimulation



Pupillary constrictor

A muscle in the iris )
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Increasing energy

» Increasing wavelength

-
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l
O.OOI1 nm Tnm 10nm 1000 nm 0.01 cm 1 lcm Tm 10? m
uv
Gamma rays X-rays| light Infrared Microwaves Radio waves
cm=10%m
mm=102m
nm=10°m
Visible light
380nm 430 nm 500 nm 560 nm 600 nm 650 nm 750 nm




— A. Composition of sunlight

White light

— B. Color triangle

670

Beyond the spectrum

460

(After Kries)




Light absorption
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B ABSORBANCE SPECTRA OF THE HUMAN
ROD AND CONE RHODOPSINS

1.0

"L cones

)\ M cones

0.5

Relative absorbance

® o
\ b 1§
A W
.‘ i

400 450 500 550 600 650 700
Wavelength (nm)



92%
2.1%
0.66%
0.59%
0.56%
0.016%
0.01%

<0.0001%

Normal Vision
Deuteranomaly &
Protanomaly i

Protanopia i
Deuteranopia [

Tritanopia |
Tritanomaly
Achromatopsia




(A) Normal (trichromat)
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Color appearance

Cone photoreceptor

circuitry
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A. Visual acuity
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— B. Retina: Photosensor distribution, sensitivity in darkness and visual acuity

Optical axis
Nasal €— _ —> Temporal

1 Photosensor distribution  gg° \9o° 2 Visual acuity, sensitivity in

LEL G Sensitivity in  Visual

darkness (%) acuity
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fiber fiber
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A VISUAL FIELDS AND THE B VISUOTOPY OF THE
PRIMARY VISUAL CORTEX PRIMARY VISUAL CORTEX

Visual
fields
v

Fixation point Right

visual
field

Right eye

Retina
Optic chiasm

Right
optic tract

Right LGN
Optic radiation

Primary visual
cortex (Area V1)
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Mangocellular “Where?"
!\ pathway

5-Visual cortex
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