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Optics Of vision 
  Physical Principles of Optics 

 
Refraction of Light 
Refractive Index of a Transparent Substance 
Light rays travel through air at a velocity of about 300,000 km/sec, but they travel much slower 
through transparent solids and liquids. The refractive index of a transparent substance is the 
ratio of the velocity of light in air to the velocity in the substance. The refractive index of air itself 
is 1.00. Thus, if light travels through a particular type of glass at a velocity of 200,000 km/sec, 
the refractive index of this glass is 300,000 divided by 200,000, or 1.50. 
 
Refraction of Light Rays at an Interface Between Two Media with Different Refractive Indices 
 

  
 
 
When light rays traveling forward in a beam as shown in the Figure( A) strike an interface that is 
perpendicular to the beam, the rays enter the second medium without deviating from their 
course. The only effect that occurs is decreased velocity of transmission and shorter 
wavelength, as shown in the figure by the shorter distances between wave fronts. 
If the light rays pass through an angulated interface as shown in Figure (B), the rays bend if the 
refractive indices of the two media are different from each other. In this particular figure, the light 
rays are leaving air, which has a refractive index of 1.00, and are entering a block of glass 
having a refractive index of 1.50. When the beam first strikes the angulated interface, the lower 
edge of the beam enters the glass ahead of the upper edge. The wave front in the upper portion 
of the beam continues to travel at a velocity of 300,000 km/sec, while that which entered the 
glass travels at a velocity of 200,000 km/sec. This causes the upper portion of the wave front to 
move ahead of the lower portion so that the wave front is no longer vertical but angulated to the 
right. Because the direction in which light travels is always perpendicular to the plane of the 
wave front, the direction of travel of the light beam bends downward. 
This bending of light rays at an angulated interface is known as refraction.  
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Application of Refractive Principles to Lenses 
 
Convex Lens Focuses Light Rays 
 

 
  
This figure shows parallel light rays entering a convex lens. The light rays passing through the 
center of the lens strike the lens exactly perpendicular to the lens surface and, therefore, pass 
through the lens without being refracted. Toward either edge of the lens, however, the light rays 
strike a progressively more angulated interface. The outer rays bend more and more toward the 
center, which is called convergence of the rays. If the lens has exactly the proper curvature, 
parallel light rays passing through each part of the lens will be bent exactly enough so that all the 
rays will pass through a single point, which is called the focal point. 
 
Concave Lens Diverges Light Rays 
 

 
 

This figure shows the effect of a concave lens on parallel light rays. The rays that enter the 
center of the lens strike an interface that is perpendicular to the beam and, therefore, do not 
refract. The rays at the edge of the lens enter the lens ahead of the rays in the center. This is 
opposite to the effect in the convex lens, and it causes the peripheral light rays to diverge from 
the light rays that pass through the center of the lens. Thus, the concave lens diverges light rays, 
but the convex lens converges light rays. 
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Cylindrical Lens Bends Light Rays in Only One Plane-Comparison with Spherical Lenses 
 

 
 

This figure shows both a convex spherical lens and a convex cylindrical lens. Note that the 
cylindrical lens bends light rays from the two sides of the lens but not from the top or the bottom. 
That is, bending occurs in one plane but not the other. Thus, parallel light rays are bent to a focal 
line. Conversely, light rays that pass through the spherical lens are refracted at all edges of the 
lens (in both planes) toward the central ray, and all the rays come to a focal point. 

Concave cylindrical lenses diverge light rays in only one plane in the same manner that 
convex cylindrical lenses converge light rays in one plane. 
 
Focal Length of a Lens 
The distance beyond a convex lens at which parallel rays converge to a common focal point is 
called the focal length of the lens. 
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Formation of an Image by a Convex Lens 
The figure below shows a convex lens with two point sources of light to the left. Because light 
rays pass through the center of a convex lens without being refracted in either direction, the light 
rays from each point source of light are shown to come to a point focus on the opposite side of 
the lens directly in line with the point source and the center of the lens. 
 
 

 
 
 

Measurement of the Refractive Power of a Lens-"Diopter" 
 
The more a lens bends light rays, the greater is its "refractive power." This refractive power is 
measured in terms of diopters. The refractive power in diopters of a convex lens is equal to 1 
meter divided by its focal length. Thus, a spherical lens that converges parallel light rays to a 
focal point 1 meter beyond the lens has a refractive power of +1 diopter,  
The refractive power of concave lenses cannot be stated in terms of the focal distance beyond 
the lens because the light rays diverge, rather than focus to a point. However, if a concave lens 
diverges light rays at the same rate that a 1-diopter convex lens converges them, the concave 
lens is said to have a dioptric strength of -1. Likewise, if the concave lens diverges light rays as 
much as a +10-diopter lens converges them, this lens is said to have a strength of -10 diopters. 
Concave lenses "neutralize" the refractive power of convex lenses. Thus, placing a 1-diopter 
concave lens immediately in front of a 1-diopter convex lens results in a lens system with zero 
refractive power. 
 

Optics of the Eye 
 
The Eye as a Camera 
The eye, shown in the figure below, is optically equivalent to the usual photographic camera. It 
has a lens system, a variable aperture system (the pupil), and a retina that corresponds to the 
film. The refractive index of air is 1; the cornea, 1.38; the aqueous humor, 1.33; the crystalline 
lens (on average), 1.40; and the vitreous humor, 1.34. 
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The total refractive power of the eye is 59 diopters when the lens is accommodated for distant 
vision. About two thirds of the 59 diopters of refractive power of the eye is provided by the 
anterior surface of the cornea (not by the eye lens). The principal reason for this is that the 
refractive index of the 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. The total refractive power of the internal lens of the eye, as it normally lies in the eye 
surrounded by fluid on each side, is only 20 diopters, about one-third the total refractive power of 
the eye.  
 
Formation of an Image on the Retina 
In the same manner that a glass lens can focus an image on a sheet of paper, the lens system 
of the eye can focus an image on the retina. The image is inverted and reversed with respect to 
the object. However, the mind perceives objects in the upright position despite the upside-down 
orientation on the retina because the brain is trained to consider an inverted image as normal. 
 
 

Errors of Refraction 
 
Emmetropia (Normal Vision) 
As shown in the figure below, the eye is considered to be normal, or "emmetropic," if parallel 
light rays from distant objects are in sharp focus on the retina when the ciliary muscle is 
completely relaxed. This means that the emmetropic eye can see all distant objects clearly with 
its ciliary muscle relaxed. The Errors of Refraction are: 
1- Hyperopia (hypermetropia), which is also known as "farsightedness," is usually due to either 
an eyeball that is too short or, occasionally, a lens system that is too weak. In this condition, as 
seen in the middle panel of the figure , parallel light rays are not bent sufficiently by the relaxed 
lens system to come to focus by the time they reach the retina.  
 
2- Myopia (Nearsightedness) 
In myopia, or "nearsightedness," when the ciliary muscle is completely relaxed, the light rays 
coming from distant objects are focused in front of the retina, as shown in the bottom panel of 
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the figure. This is usually due to too long an eyeball, but it can result from too much refractive 
power in the lens system of the eye. 
 

 
 
Correction of Myopia and Hyperopia by Use of Lenses 
If the refractive surfaces of the eye have too much refractive power, as in myopia, this excessive 
refractive power can be neutralized by placing in front of the eye a concave spherical lens, which 
will diverge rays. Such correction is demonstrated in the upper diagram of the figure below. 
Conversely, in a person who has hyperopia-that is, someone who has too weak a lens system-
the abnormal vision can be corrected by adding refractive power using a convex lens in front of 
the eye. This correction is demonstrated in the lower diagram of the figure below. 
One usually determines the strength of the concave or convex lens needed for clear vision by 
"trial and error"-that is, by trying first a strong lens and then a stronger or weaker lens until the 
one that gives the best visual acuity is found. 
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3- Astigmatism 
Astigmatism is a refractive error of the eye that causes the visual image in one plane to focus at 
a different distance from that of the plane at right angles. This most often results from too great a 
curvature of the cornea in one plane of the eye.  
Astigmatism is Corrected with a Cylindrical Lens 
 

Visual Acuity 
This means that a person with normal visual acuity looking at two bright pinpoint spots of light 10 
meters away can barely distinguish the spots as separate entities when they are 1.5 to 2 
millimeters apart. 
 

 Visual Acuity 

 
 
  
Clinical Method for Stating Visual Acuity 
The chart for testing eyes usually consists of letters of different sizes placed 20 feet (6 meters) 
away from the person being tested. If the person can see well the letters of a size that he or she 
should be able to see at 20 feet (6 meters), the person is said to have 20/20(6/6)  vision-that is, 
normal vision. If the person can see only letters that he or she should be able to see at 200 feet 
(60 meters), the person is said to have 20/200 (6/60) vision. In other words, the clinical method 
for expressing visual acuity is to use a mathematical fraction that expresses the ratio of two 
distances, which is also the ratio of one's visual acuity to that of a person with normal visual 
acuity. 
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Physiology of the cornea 
Functions of the cornea: 

1- To act as powerful refracting lens that transmits light for proper image formation. 
2- To protect the intraocular contents. 
3- Absorption of topically applied drugs. 
4- Wound repair after surgery or trauma. 

 
The cornea can perform these functions by maintaining its transparency and replacement of its 
tissues. 
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corneal transparency 
 
factors affecting corneal transparency: 

1- corneal epithelium and tear film. Normal epithelium is transparent and normal precorneal 
tear film plays an important role in maintaining the transparency of epithelium. 

2- The peculiar arrangement of stromal collagen lamellae. 
3- Corneal vascularization. The cornea is avascular except the peripheral 1 mm. 
4- Corneal hydration. The normal cornea maintains itself in a state of relative dehydration. 
5- Corneal fibroblasts are important in maintaining transparency, as they are the source of 

collagens and proteoglycans. 
 
 
 

Fluid system of the eye 
 

The eye is filled with intraocular fluid, which maintains sufficient pressure in the eyeball to keep it 
distended. The figure below demonstrates that this fluid can be divided into two portions-
aqueous humor, which lies in front of the lens, and vitreous humor, which is between the 
posterior surface of the lens and the retina. The aqueous humor is a freely flowing fluid, whereas 
the vitreous humor, sometimes called the vitreous body, is a gelatinous mass held together by a 
fine fibrillar network composed primarily of greatly elongated proteoglycan molecules. Both water 
and dissolved substances can diffuse slowly in the vitreous humor, but there is little flow of fluid. 
Aqueous humor is continually being formed and reabsorbed. The balance between formation 
and reabsorption of aqueous humor regulates the total volume and pressure of the intraocular 
fluid. 
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Formation of Aqueous Humor by the Ciliary Body 
Essentially all of the queous Humor is secreted by the ciliary processes, which are linear folds 
projecting from the ciliary body into the space behind the iris where the lens ligaments and ciliary 
muscle attach to the eyeball. A cross section of these ciliary processes is shown in the Figure 
below. The surfaces of these processes are covered by highly secretory epithelial cells, and 
immediately beneath them is a highly vascular area. 

Aqueous humor is formed almost entirely as an active secretion by the epithelium of the ciliary 
processes. Secretion begins with active transport of sodium ions. The sodium ions pull chloride 
and bicarbonate ions along with them to maintain electrical neutrality. Then all these ions 
together cause osmosis of water from the blood capillaries lying below into the aqueous. In 
addition, several nutrients are transported across the epithelium by active transport or facilitated 
diffusion; they include amino acids, ascorbic acid, and glucose. 
 

 
 
 

Outflow of Aqueous Humor from the Eye 
After aqueous humor is formed by the ciliary processes, it first flows through the pupil into the 
anterior chamber of the eye. From here, the fluid flows anterior to the lens and into the angle 
between the cornea and the iris, then through a meshwork of trabeculae, finally entering the 
canal of Schlemm, which empties into extraocular veins.  
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Intraocular Pressure 
The average normal intraocular pressure is about 15 mm Hg, with a range from 12 to 20 mm Hg. 
Tonometry 
Because it is impractical to pass a needle into a patient's eye to measure intraocular pressure, 
this pressure is measured clinically by using a "tonometer," the principle of which is shown in the 
figure below. The cornea of the eye is anesthetized with a topical anesthetic, and the footplate of 
the tonometer is placed on the cornea. A small force is then applied to a central plunger, causing 
the part of the cornea beneath the plunger to be displaced inward. The amount of displacement 
is recorded on the scale of the tonometer, and this is calibrated in terms of intraocular pressure. 

 
 
 

 

  
 
 

Regulation of Intraocular Pressure 
 
Intraocular pressure remains constant in the normal eye, usually within ±2 mm Hg of its 

normal level, which averages about 15 mm Hg. The level of this pressure is determined mainly by 
the resistance to outflow of aqueous humor from the anterior chamber into the canal of Schlemm. 
This outflow resistance results from the meshwork of trabeculae through which the fluid must 
percolate on its way from the lateral angles of the anterior chamber to the wall of the canal of 
Schlemm. These trabeculae have minute openings of only 2 to 3 micrometers. The rate of fluid 
flow into the canal increases markedly as the pressure rises. At about 15 mm Hg in the normal 
eye, the amount of fluid leaving the eye by way of the canal of Schlemm usually averages 2.5 
μl/min and equals the inflow of fluid from the ciliary body. The pressure normally remains at about 
this level of 15 mm Hg. 

 
 

 
 

 


