


The Eye: 1. Optics of Vision

Optics of the eye

The lens system of the eye is composed of four refractive interfaces:

(1) between air and anterior surface of cornea

(2) between posterior surface of cornea and aqueous humor

(3) between aqueous humor and anterior surface of lens of eye

(4) between posterior surface of lens and vitreous humor.

Consideration of All Refractive Surfaces of the Eye as a Single Lens—The “Reduced”
Eye.

* most of refractive power of eye results from surface of cornea

* refractive index of cornea is markedly different from that of air, whereas the refractive
index of the eye lens is not greatly different from the indices of the aqueous humor and
vitreous humor
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Accommodation

* refractive power of the lens is 20 diopters.

- refractive power can be increased to 34 diopters (in children) by changing shape of the
lens

- increasing its curvature by accommodation.

- accommodation is necessary to focus the image on the retina.

*lens is held in place by suspensory ligament which under normal resting conditions
causes the lens to be almost flat (moderately convex).
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Mechanism of Accommodation

* Eye lens is elastic.

« contraction of ciliary muscle (meridional fibers & circular

fibers) ) relaxes the ligaments to the lens capsule ) more convex

«contraction of ciliary muscle (radial fibers) attached to suspensory ligament pulls fibers
of the ligament forward and causes the lens to become very convex which increases the
refractive power of the lens.

-under control of the parasympathetic nervous system (lll, brain stem).

*When the eyes fixate on a near object, the eyes must converge —>cause a mild degree of
pupillary constriction

ACCOMMODATION

* Definition: Accommodation is the mechanism by which the
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eye changes its refractive power by altering the shape of the

lens in order to focus objects at variable distances.
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Accommodation-neuronal pathways

« Afferent- optic nerve ) » Center-mid brain (superior colliculus)) » Efferent -
oculomotor nerve

- Parasympathetic) accommodation & meiosis
- Somatic ) eye convergence
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Presbyopia
The Inability to Accommodate

- caused by progressive denaturation of the proteins of the lens with age.

 makes the lens less elastic.
* begins about 40-50 years of age (~ 2 diopters accommodation power).

* 70 years- 0 diopters
* no longer accommodate for both near and far vision — bifocal glasses, upper segment
focused for distant vision and lower segment focused for near vision

The Autonomic Nerves to the Eyes

- eye is innervated by both parasympathetic and sympathetic neurons.
- parasympathetic fibers arise in the Edinger-Westphal nucleus, pass in the 3rd cranial

nerve to the ciliary ganglion.

- postganglionic fibers excite the ciliary muscle and sphincter of the iris.

- sympathetic fibers originate in the intermediolateral horn cells of the superior cervical
ganglion.

- postganglionic fibers spread along the corotid artery and eventually innervate the radial
fibers of the iris.
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Pupillary diameter
* meiosis: decreasing of pupillary aperture due to stimulation of parasympathetic nerves
that excite the pupillary sphincter muscle.

* Decrease amount of light that enters eye — daylight
* mydriasis: dilation of pupillary aperture due to stimulation of sympathetic nerves that
excite the radial fibers of the iris.

* Increase amount of light that enters eye — darkness
« quantity of light entering eye can change about 30-fold as a result of changes in
pupillary aperture (1.5-8 mm).
« Depth of focus of the lens system increases with decreasing pupillary diameter, almost
all the rays pass through center of lens, and the central-most rays are always in focus.
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Pupillary Light Reflex

« when the amount of light entering the eyes increases, the pupils constrict.

* light through optic nerve to pretectal nuclei.

« from pretectal nuclei fibers pass to Edinger-Westphal nucleus and back through
parasympathetic nerves to constrict iris sphincter.

*Indark ) reflex is inhibited
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Horner’s Syndrome

interrupted sympathetic nerves to eye

#signs

Pupil constricted (asymmetric)

superior eyelid drop

blood vessels on corresponding side of the face and head dilated
Lost sweating (asymmetric)

Errors of Refraction

ONearsightedness
©xToo much refractive power
xNo mechanism to focus distant objects sharply on the retina.

Ty b as) b ISy duydll slusYl B gdu yuds ousdl myopia of Nearsightedness J! O
&l d>ucs refractive power & dxseds s 83L3 ol @39 ¢ Bumd! plu Yl B gy yady
Jas z s refractive power 232 W Lua (.. 313 eyeball Jst 4% ol more convex & slo cornea
Sl edgll wan g galad 9S8 =y retina e ysS5 z3 b focal point J! JWU o focal length
o< refractive power Jla 4l zMsall . ciliary body relaxed (no Accommodation ) % (95
refractive power Jdax selud o e 90l 3345 75 (Jlo concave lens g 8yUas plasuisl 81y

OFarsightedness

gFarsighted person is capable of focusing distant objects on retina until the ciliary muscle
has contracted to its limit

apresbyopic, farsighted person is unable to accommodate

|
SCIENTIFIC TEAM - (alall 52 54




Ty b oS e ISy Basedl sl B gin yads ousdl hyperopia o! Farsightedness J! O
sbe &l dous refractive power 5 (olasol J cowd! g2y ¢ dosdll plus Yl B8 gy yad

Jas L) L <.« Accommodation Jesi yadu Lo JWUL o denaturation of proteins in lens

3953 zyretina e y955 zy b focal point J! JWL o focal length <232 z refractive power
s yads e lens J! 4 oWle o ciliary body contraction (8 o I ed gl wan o balyg
J! ySws denaturation of proteins in lens (& sx& —wudl 45 o) )) more convex or flat

zo sl gsalle gy sadll gsalle Zdlei g refractive power (o 39355 Accommodation power
plasuw! 313k e refractive power 23 &1 Ml ((( se0)l padi go lasasd denaturation sse
refractive power 3sL3s selud o cgall e 7y Jlo convex lens g 3yUa

Astigmatism

- unequal focusing of light rays=visual image in one plane to focus at a different
distance from that of the plane at right angles

- due to an oblong shape (too great a curvature) of the cornea.

- Corrected with cylindrical lens
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cataracts

-cloudy or opaque area of the lens.
-caused by denaturation and coagulation of lens proteins.

Accommodation _Jlc 3348l gadas >y Il o artificial lens < lens Jawws )l

Fluid System of the Eye

« intraocular fluid keeps the eyeball round and distended.
* 2 fluid chambers.

— aqueous humor which is in front of the lens.

* freely flowing fluid.

— vitreous humor which is behind the lens.

« gelatinous mass (proteoglycan) with little flow of fluid.
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Formation and Flow of Fluid in the Eye

- produced by ciliary processes of ciliary body
* rate of 2-3 microliters/min.
» active secretion- Na secretion, dragging Cl & HCO3, H20 by osmosis
« Nutrients (amino acids, ascorbic acid, and glucose) - active transport / facilitated diffusion
33ke 95 glaucoma s J! o introcular pressure o Jau JI &gs¥l oy pasuius Sae
Diamox 3 carbonic a anhydrase inhibitor (=
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Intraocular Pressure

* normally 15 mmHg with a range of 12-20 mmHg.

« the level of pressure is determined by the resistance to outflow of aqueous humor in the
canal of schlemm.

« increase in intraocular pressure (Glaucoma) caused by an increase in resistance to
outflow of aqueous humor through a network of trabeculae in the canal of schiemm.

- can cause blindness due to compression of the axons of the optic nerve & compression of

retinal artery — reducing nutrition to retina

Glaucoma

Cause:
increased resistance to fluid outflow

scAcute) eye inflammation, WBC & tissue debris
YcChronic conditions ) fibrous occlusion of trabecular spaces in elderly
EdTreatment: reduces the secretion or increases the absorption of aqueous humor.
over production of aqueous humor ! s tumor (3 (595 <39l iy Sas O
central < ¢ o prephral < acs <53 Glaucoma !s¥a>M L (Sas chronic J! &3> ©
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Glaucoma


Extra Questions

1-A 24-year-old woman sustains a laceration on the right side of the neck in a
motor vehicle accident. Physical examination shows that her right pupil is
constricted, her right eyelid droops, the skin is dry on the right side of her face,
and the conjunctiva of her right eye is red. What is the most likely diagnosis?
A) Cone-rod dystrophy

B) Horner's syndrome

C) Iris heterochromia

D) Retinoblastoma

E) Xerophthalmia

2-Which structure secretes the intraocular fluid of the eye?
A) Ciliary processes

B) Cornea

C) Iris

D) Lens

E) Trabeculae

3-Which muscle is contracted as part of the pupillary light reflex?
A) Ciliary muscle

B) Pupillary dilator muscle

C) Pupillary sphincter muscle

D) Radial fibers of the iris

E) Superior oblique muscle

4-An 85-year-old woman visits the ophthalmologist because of difficulty
seeing. The patient is given an eye examination, and bifocal lenses are
prescribed. The physician notes that the lenses of her eyes are clear. The
woman sees well with her new prescription glasses. Which of the following best
describes the most likely vision problem in this woman?
A) Cataracts
B) Glaucoma
C) Hyperopia
D) Myopia
E) Presbyopia
Answer: 1-B 2-A 3-C 4-E
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