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• Objectives

• Anatomical structures & function of eye ball 

• How process of accommodation occur?  

• Errors of refraction 



Electromagnetic Radiation    :  

is energy in the form of waves that radiates from the sun.

There are many types of electromagnetic radiation, including gamma rays, x-rays, UV 
rays, visible light, infrared radiation, microwaves, and radio waves. 

This range of electromagnetic radiation is known as the electromagnetic spectrum 
.The distance between two consecutive peaks of an electromagnetic wave is the 
wavelength.

Wavelengths range from short to long; for example,  gamma rays have wavelengths 
smaller than a nanometer, and most radio waves have wavelengths greater than a 
meter. 

The eyes are responsible for the detection of visible light, the part of the 
electromagnetic spectrum with 

wavelengths ranging from about 400 to 700 nm.

Visible light exhibits colors: The color of visible light depends on its wavelength. For 
example, light that has a wavelength of 400 nm is violet, and light that has a 
wavelength of 700 nm is red. 





Protective mechanisms help prevent eye 
injuries by 
Accessory Structures of the Eye
1- the eyelids,2- eyelashes& eyebrow   .3- the lacrimal (tear-producing) 
apparatus, and 4- extrinsic eye muscles.

The eye lid:

1- shade the eyes during sleep.

2- protect the eyes from excessive light and foreign objects.

3-spread lubricating secretions over the eyeballs
The Lacrimal Apparatus

The lacrimal apparatus is a group of structures that produces and drains 

lacrimal fluid or tears in a  process called lacrimation.

Flow  of tears :

Lacramal gland , which drains tears into lacramal duct  

→Superior & inferior canaliculi → Lacramal sac →nasolacrimal duct

→nasal cavity               

Why nasal secretion increase during crying , why eyes tears in cold?? 





Anatomy of eye ball

the wall of the eyeball consists of three layers:

(1) fibrous tunic, (2) vascular tunic, and (3) retina (inner tunic).

1-Fibrous Tunic

consists of the anterior cornea and posterior sclera

The cornea is a transparent coat that  covers the colored iris. Because it is curved, 
the cornea helps focus light onto the retina  Since the central part of

the cornea receives oxygen from the outside air, contact lenses  that are worn for 
long periods of time must be permeable to permit oxygen to pass through them.

The sclera the “white” of the eye it gives shape to the eyeball, makes it more rigid, 
protects its inner parts, and serves as a site of attachment for the extrinsic eye 
muscles. 

At the junction of  the sclera and cornea is an opening known as the scleral venous

sinus or (canal of Schlemm). A fluid called aqueous humor, which

Drains  drain into this sinus .







2-Vascular Tunic  or uvea 

It is composed of three parts: choroid, ciliary body, and iris 

The highly vascularized choroid which is the posterior portion of the vascular tunic, lines most of

the internal surface of the sclera. Its numerous blood vessels provide nutrients to the posterior 
surface of the retina. The choroid  also contains melanocytes that produce the pigment melanin,

Melanin in the choroid absorbs stray light rays, which prevents reflection and scattering of light 
within the eyeball. As a result, the image cast on the retina by the cornea and lens remains sharp 
and clear. 

Albinos lack melanin in all parts of the body, including the eye. They often need to wear 
sunglasses, even indoors, because even moderately bright light is perceived as bright glare due 
to light  scattering.

In the anterior portion of the vascular tunic, the choroid becomes

the ciliary body the ciliary body appears dark brown in color because  it contains melanin-
producing melanocytes. In addition, the ciliary body consists of ciliary processes and ciliary 
muscle. The ciliary  processes are protrusions or folds on the internal surface of the  ciliary body. 
They contain blood capillaries that secrete aqueous humor. Extending from the ciliary process are 
zonular fibers or suspensory ligaments that attach to the lens. 

The ciliary muscle is a circular band of smooth muscle. Contraction or relaxation of the ciliary 
muscle changes the tightness of  the zonular fibers, which alters the shape of the lens, adapting it 
for near or far vision in process of accommodation .



The iris ( rainbow)   : the colored portion of the eyeball, is shaped like a 
flattened donut. It is suspended between the cornea

and the lens and is attached at its outer margin to the ciliary processes. It 
consists of melanocytes. The amount of melanin in the iris determines  
the eye color.   

A principal function of the iris is to regulate the amount of light  entering 
the eyeball through the pupil.

When bright light stimulates the eye, parasympathetic fibers of the 
oculomotor (III) nerve stimulate the circular muscles or sphincter 
pupillae of the iris to contract, causing a decrease in the size of the 
pupil (constriction= miosis). 

In dim light, sympathetic neurons stimulate the radial muscles or 
dilator pupillae of the iris to contract, causing an increase in the 
pupil’s size (dilation= mydriasis 





Interior of the Eyeball
The lens divides the interior of the eyeball into two cavities: the anterior cavity and 
vitreous chamber. 

The anterior cavity—the  space anterior to the lens—consists of two chambers. The 
anterior chamber lies between the cornea and the iris & the posterior chamber lies 
behind the iris and in front of the zonular fibers and lens .Both chambers of the 
anterior cavity are filled with aqueous humor: a transparent watery fluid that 
nourishes the lens and cornea. Aqueous humor continually filters out of blood  
capillaries in the ciliary processes of the ciliary body and enters the posterior 
chamber. It then flows forward between the iris  and the lens, through the pupil, and 
into the anterior chamber.

From the anterior chamber, aqueous humor drains into the ‘scleral venous sinus 
(canal of Schlemm) and then into the blood. Normally, aqueous humor is completely 
replaced about every 90 minutes. 

The larger posterior cavity of the eyeball is the vitreous chamber which lies between 
the lens and the retina. Within the vitreous chamber is the vitreous body ( vitreous 
humer), giving  the retina an even surface for the reception of clear images.  Unlike 
the aqueous humor, the vitreous body does not undergo constant replacement.



Drain of aqueous humor 



The pressure in the eye, called intraocular pressure( I.O.P) , 
is produced mainly by the aqueous humor and partly by the 
vitreous body; normally it is about 16 mmHg.

If obstruction or damage to the drain of fluid by the canal it can 
cause increase in I.O.P. the excess accumulates in the anterior 
cavity, causing the pressure to rise within the eye, This 
condition is known as glaucoma:the excess aqueous humor 
pushes the lens backward into the vitreous humor, which in turn 
pushes against the inner neural  layer of the retina. This 
compression causes retinal and optic nerve  damage that can 
lead to blindness if the condition is not treated.

.



3- Retina:

The retina consists of a pigmented layer and a neural layer.

The  pigmented layer is a sheet of melanin-containing epithelial cells  
located between the choroid and the neural part of the retina. The 
melanin in the pigmented layer of the retina, as in the choroid, also 
helps to absorb stray light ray

The neural (sensory) layer of the retina is a multilayered outgrowth of 
the brain that processes visual data extensively before sending nerve 
impulses into  axons that form the optic nerve. Three distinct layers of 
retinal neurons—the photoreceptor layer, the bipolar cell layer, and 
the ganglion cell layer—are separated by two zones, the outer and 
inner synaptic layers, where synaptic contacts are made.

light passes through the ganglion and  bipolar cell layers and both 
synaptic layers before it reaches the photoreceptor layer. 

Two other types of cells present in the bipolar cell layer of the retina 
are called horizontal cells and amacrine   Cells





The optic nerve leaves the eye at a point 3 mm medial to and slightly above the posterior pole of the 
globe. This region is visible through the ophthalmoscope as the optic disk Since there are no visual 
receptors over the disk, this area of the retina does not respond to light and is known as the blind 
spot. 

At the center of retina , lateral to the optic disc , there is a yellowish pigmented spot called the 
macula. 

The fovea is in the center of the macula; it is a thinned-out, rod-free portion i.e only cone containing. 

In it, the cones , and each synapses on a single bipolar cell,  which, in turn, synapses on a single 
ganglion cell, providing a direct pathway to the brain. There are very few overlying cells and no blood 
vessels. Consequently, the fovea is the point where visual acuity is greatest. When attention is 
attracted to or fixed on an object, the eyes are normally moved so that light rays coming from the 
object fall on the fovea.

Age-related macular degeneration is a disease in which sharp, central vision is gradually destroyed



Process of Refraction

The bending of a light ray is known as refraction. With a

curved surface such as a lens, the greater the curvature, the

greater is the degree of bending and the stronger the lens.

A convex surface curves outward (like the outer surface of a ball), 
whereas a

concave surface curves inward (like a cave).

Convex surfaces   converge light rays, bringing them closer 
together. Because

convergence is essential for bringing an image to a focal point,

refractive surfaces of the eye are convex. 

Concave surfaces diverge light rays (spread them farther apart).

The two structures most  important in the eye’s refractive ability are the 
cornea and the   lens.



• Accommodation reflex     3C
• The accommodation reflex is an adjustment of the eye for near vision 

Three phenomena are involved:

• 1- increase lens convexity to increase its refractive power 

When the surface of a lens is convex, that lens will refract incoming light 
rays toward each other, so that they eventually  intersect.

If the surface of a lens concave and causes light  rays to refract away 
from each other. 

The lens of the eye is convex  on both its anterior and posterior surfaces, 
and its focusing power increases as its curvature becomes greater.

When the eye is focusing on a close object, the lens becomes more 
curved, causing  greater refraction of the light rays. This increase in the 
curvature  of the lens for near vision is called accommodation { the 
ability of the eye to change its focus from distant to near objects (and 
vice versa). This process is achieved by the lens changing its shape}

The near point of vision is the minimum  distance from the eye that an 
object can be clearly focused with maximum accommodation











2- Pupillary constriction( to sharpen image on retina ). 

Parasympathetic fibers convey the impulse for the contraction of 

the sphincter pupillae. The pupil constricts and thereby increases the 

depth of focus.

CONTROL OF PUPILLARY DIAMETER 

Stimulation of the parasympathetic nerves excites the pupillary sphincter muscle,
thereby decreasing the pupillary aperture; this process is called miosis.

Conversely, stimulation of the sympathetic nerves excites the radial fibers of the iris
and causes pupillary dilation, which is called mydriasis.

https://www.sciencedirect.com/topics/medicine-and-dentistry/sphincter


3- Convergence of the eyes. The oculomotor 

nuclei send the impulses for contraction of both 

medial rectus muscles, causing the eyes to converge.



3c?





Pathway of accommodation reflex 
• From retinal ganglion cells impulse travels through optic nerve , optic 

chiasm , optic tracts & because a need for image analysis her impulse 
travels to cerebral cortex ( visual area) then to prefrontal area of C.C. then 
through internal capsule it reach mid brain there ,   fibers will synapse 
with  2 nuclei : oculomotor nucleus . & Edinger Westphal n.( its the 2nd

nucleus of oculomotor n.)

• Fiber of oculomotor n. supply medial rectus m. which cause convergence 

• Fiber from E.W.N. synapse at ciliary ganglion from which ciliary nerve arise 
to supply sphincter pupillae constricting the pupil  & ciliary m. which 
contract & cause the lens convexity to increase . 



Pupillary light reflex :
When light is shone into the right eye, the photosensitive retinal ganglion cells of the right eye 

convey this information to the right optic nerve, 

which connects to the right pretectal nucleus of the upper midbrain.

Axons then connect from the pretectal nucleus to the neurons in the right Edinger-Westphal 

nucleus, whose axons run along both right and left oculomotor nerves. 

The oculomotor nerves synapse on the  ciliary ganglion neurons of each respective eye

, which innervate the constrictor muscles of the irises This stimulates bilateral pupillary 

constriction 





Presbyopia : 

physiological insufficiency of accommodation due to age related changes 
in lens (decreased elasticity and increased hardness) and ciliary muscle 
power . It is the commonest form of accommodative dysfunction.It will 
cause gradual decrease in near vision.



Refraction abnormalities :

The normal eye, known as an emmetropic eye. can sufficiently refract light rays from 
an object 6 m (20 ft)

away so that a clear image is focused on the retina.

myopia or   nearsightedness, which occurs when the eyeball is too long  relative to the 
focusing power of the cornea and lens, or when  the lens is thicker than normal, so an 
image converges in front   of the retina. Myopic individuals can see close objects 
clearly,  but not distant objects. ( Corrected by concave lenses

.



Hyperopia or farsightedness,  also known as hypermetropia the 
eyeball length is short relative to the focusing power

of the cornea and lens, or the lens is thinner than normal, so an 
image converges behind the retina. 

Hyperopic individuals can  see distant objects clearly, but not close 
ones. (corrected by  convex lens )



Astigmatism in which either the cornea or the lens has an irregular   curvature. As a result, 
parts of the image are out of focus, and  thus vision is blurred or distorted  hat causes blurred 
distance and near vision .
Eyeglasses for astigmatism include a special cylindrical lens to compensate for how light 
passes through the cornea. Generally, a single-vision lens is prescribed, but in some patients 
over 40 years old, an eye doctor might recommend a bifocal




