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Note: the order of this sheet is somewhat different than that of the record. 

Optics of Vision  
 
The process in which light rays change their direction when travelling from one 
media with a certain density to another media that has a different density is called 
light refraction. 
If the surface (of the lens) that separates the two media was flat (straight line), the 
light rays will refract and still be traveling as parallel rays. 
However, in case the surface was convex (as convex lens), the light rays will gather 
into one point (focused). On the other hand, if the surface was concave, the light 
rays will get distracted. 
 
There is a certain distance that the light needs to travel from the surface of the 
convex lens in order to converge into one point. This distance is called the focal 
length, and it decreases if the lens was more convex (round) while it increases if 
the lens was less convex. That said, the focal length of an optical system can be 
used as a measure of how strongly the system converges or diverges light. Thus, 
we can define the power of a lens as the degree of which the lens (or the optical 
system) can converge or diverge the light. It can be calculated as: reciprocal of the 
focal length. (Unit = 1/meter or dioptre). 
So, if the focal length was 0.5 m, the power of the lens is 2 dioptre, and this applies 
for both: convex and concave lenses. 

 
As we know, there is a certain distribution of photoreceptors in the eye. When 
certain light rays (a part of the visual field) converge into a certain point, it 
activates a small number of those photoreceptors; representation field. When this 
is applied to all the points in the visual field, the picture (visual field) will be clear. 
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However, if each point started activating more than it’s needed photoreceptors and 
by that taking a bigger representation field, those points will overlap and get mixed 
up together leading to a loss in their exact representation; thus, the picture will not 
be clear. 
 
Here comes the role of the lens and the whole optic apparatus: each point of the 
visual field is reflected as a one point with a certain representation area on the 
retina. This is done by assuring that each point takes its relative size only, and no 
more than that è no diffusion; no point is taking more than its representation field. 
For example, if two points hit two different receptor fields, we’ll be able to 
distinguish them as two points. However, if these two points got reflected on the 
retina and were misrepresented, each will take a larger representation area in which 
they will overlapped. Here, we will see them as one object, and the vision will be 
blurry.  
 
The main structure that is responsible for light refraction is the Cornea. The cornea 
is composed of translucent and hard connective tissue. It is convex anteriorly, so 
the light rays will refract and gather as one point on the retina. Even though the 
cornea is considered an important factor in light refraction, it still has a problem. 
Since the cornea is made up of hard connective tissue, it is not flexible. Here 
comes the role of the lens; to help the cornea in reflecting the light by 
compensating the lack of flexibility of the cornea. 
 
For example, when we look at a distant object: first, light will reflect from the 
object and will scatter and travel in all directions for a short distance only, and then 
it will start traveling in a parallel direction. This is due to the attraction between the 
light rays that forces those rays to get closer to each other, and by that, allowing 
them to travel in a parallel direction.  
 
While when we look at a close object: light will reflect from the object and get 
scattered, but it will not have enough time or distance to converge into parallel 
lines. Thus, it will reach the eye as a divergent light. 
 
It is easier for the eye to refract parallel light rays than the divergent ones. 
Therefore, if we want both types of light, parallel and divergent ones, that are of a 
same distance from the eye, to be refracted and still be gathered as one point, we 
will need a stronger convex lens to refract the divergent light. (This point is 
explained further in the next page).  
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Accommodation of lens: 
 
Since we said that the cornea is composed of hard connective tissue, there will be 
no change in its curvature. The lens, on the other hand, is elastic and can change its 
shape by being stretched and therefore have a less/thin curvature, or relaxed and by 
that have a rounded larger curvature. It becomes stretched (have less curvature) 
when its muscles contract, and a rounded curvature (more spherical shape) when 
its muscles relax. 
 
So, when we look at a distant object: the light rays come as parallel lines, so the 
light refraction is easy and is done mainly by the cornea while the lens will be 
stretched, thin and will have less curvature (flat). On the other hand, when we look 
at a close object, light will come to the cornea as divergent distracted rays. Here, 
we need the lens to interfere and help the cornea in refracting this light. So, the 
muscles of the lens will relax and the lens will have a rounded curvature (more 
spherical shape) in order to converge the divergent rays.  

 

 
This change in the curvature of the lens to become flat/round in order to see 
distant/close object, respectively, and have a better focusing of the picture on the 
retina is called accommodation of lens. 
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Vision problems 
 
Ametropia: Refraction error, inability of properly focusing light on the retina, and 
a frequent reason for reduced visual acuity. 
 
A defect in the optical apparatus, whether it was in the lens, retina or eye size, will 
affect the focusing of the light in two ways. The light will not be able to be focused 
properly on the retina, but it either will become focused in front of the retina 
(anterior to it), or focused behind the retina (posterior to it), and this will lead to 
near-sightedness and far-sightedness respectively.  
 
 
1-Nearsightedness (Myopia) قصر نظر  
 
A common type of eye refractive error where close objects appear clearly, but 
distant objects appear blurry. This is the case where light is focused in front of the 
retina.  
 
This condition can happen for one of the following reasons: 

a- The Lens and the cornea are stronger than normal: They will refract the light 
more than the normal (i.e due to a very large curvature of the lens). The light 
will gather and be focused as one point anterior to the retina, but it will 
distract again and reach the retina in a larger size, so the vision will be 
blurry. 

b- The eye size is larger than normal: This happens when the eye grows at a 
faster than normal rate. The light will gather and be focused as one point 
anterior to the retina, but the light will distract again and reach the retina at a 
larger size, so the vision will not be clear. 
Since the eye size continues to grow until the age of 21, this condition might 
get worsening with advancing in age until 21. After 21, the vision becomes 
stable, and that is why it’s recommended to have a permanent 
treatment/surgery after the age of 21. 

Near-sighted people will face a problem when looking at far objects. When the 
light rays are parallel, light will be refracted at a point closer to the lens and away 
from the retina, so it will not be clear. The divergent light from the close objects, 
however, will be easily refracted by the stronger lens and it will be clear. 
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• Treatment: concave lens to distract and focus the light normally as one 
point on retina. 

2-Farsightedness (hyperopia) طول نظر  
  
A common type of eye refractive error where distant objects may be seen more 
clearly than near objects. This is the case where the light is focused behind the 
retina.  
This condition can happen for one of the following reasons: 

a- The lens and the cornea are weaker than normal: they will not refract the 
light enough (i.e due to a small flat curvature of the lens) and the light will 
gather and be focused as one point posterior to the retina while at the level 
of retina it will still be distracted (more than one point). So, the vision will 
be blurry and the picture will have a bad resolution. 

b- The eye size is smaller than normal and has a smaller depth: most commonly 
it appears at birth where the infant will have a normal cornea and lens but 
their eyes are smaller than the normal size.  

In this case (far-sightedness), the problem will be when looking at close object. 
When the light rays are divergent, it will not be refracted enough, so it will give a 
blurred picture. While the parallel lights from a distant object will be easily 
refracted and it will be clear to see. 

• Treatment: convex lens to help refract and focus the light normally as one 
point on the retina. 
 

Eye	Test	
Eye test: we test the acuity of vision and the resolution of the eye. 
The eye test revolves around this principle è if someone has the same resolution 
of a normal person, he will have a normal vision; but if he has less resolution than 
a normal person, he will have a defective vision.  
 
We can apply this test by putting a picture 6 meters away from the patient. Normal 
person will be able to see and differentiate between two points that are 1.75 
millimeter apart (almost 2 mm) from that distance. If it was more than 6 meters, he 
would see them as one point or might not see them at all. 
So, if the person saw the 2 points from the 6 m distance, he will have 6/6 vision 
(normal vision). 



6	|	P a g e 	
	

• 15-20% of people have better vision (super vision), so they will see the 2 
points from 8 m distance either because they have stronger lens and cornea, 
better calculation and processing in the cortex, or better photoreceptor 
distribution in the retina.   

 
The test, Snellen chart, have more than one line and each one will have many 
figures (letters or numbers) separated by 1.75 mm, and each line has a certain size.  
Normal people will be able to see the letters of each line from a certain distance. 
So, if a normal person could see a certain line from 9m while the patient saw it 
only at 6m, his vision will be 6/9 and so on 12,18,26 etc.  

 
 
This test is not inclusive since it does not check farsightedness which will need 
another test that is called Jaeger chart. This chart includes a small card on which 
paragraphs are printed on, with different text sizes, and font. This card is to be held 
by a patient at a fixed distance from the eye, and we ask the patient to read it. The 
smallest font that the patient can read estimates their visual acuity.  
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The aim of these tests is to have an estimate of the person's vision and to be able to 
correct any defects by offering a lens that will return the vision to normal 6/6. 
That’s why after performing any of the mentioned tests, the ophthalmologist will 
start putting different types of lenses in front of the patient’s eye, and ask which 
one helped the patient better see 6/6. Again, this is because the tests just give an 
estimated results and not definitive ones.  
At the end, the test results will be in numbers such as: +0.5 , +3 … 
The sign represents near or far sightedness è the minus sign is for near 
sightedness which needs a concave lens while positive means far sightedness 
which needs a convex lens. 
The number belongs to the diameter of the lens. 
 
 

3-Presbyopia  
 
Presbyopia: Loss of accommodation by the lens. 
With age, the elasticity of the lens will decrease (sometimes the muscle strength 
will decrease as well), and it will have less curvature (round/ relaxed). Thus, it 
won’t be able to refract the light as strong as it normally used to do, especially the 
divergent light that comes from close objects. Moreover, after a period of time, the 
lens won't be flat enough to even see the parallel light coming from distant objects. 
So, the person will have a problem in watching both close and distant objects. This 
is caused by less accommodation of lens which is a natural part of the aging 
process and this condition is called Presbyopia. 
Those people will need 2 types of glasses: one for driving and one for reading. 
 

4-Astigmatism 
 
Astigmatism: Irregular curvature of either the cornea or the lens which leads to a 
blurred or distorted vision- due to parts of the image being out of focus. 
In this case, the curvature of the cornea is not uniformed (not equally distributed). 
Normally, the curvature is supposed to be uniformed in order for the light that 
comes from different planes - of a same distance- to be refracted equally. In this 
case, however, the cornea will be just like a perforated ball, so the light coming 
from a certain plane will be refracted more than another coming from a different 
plane. Also, when the lens tries to correct the situation, it will accommodate in 
order to fix the light that the cornea wasn’t able to accommodate for, yet this will 
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affect the light that the cornea was able to accommodate for. The result is light 
refraction at different point. 

 
• Treatment: determine which plane is defected and offer a lens to correct it 

and uniform the refraction of the lens for the patient. Another option is 
surgery; usually Laser eye surgery (Lasik): it changes the curvature of the 
cornea and corrects it. If the patient’s level of vision is -0.5, it will make a 
curvature of -0.5 level in the cornea. 

 
Usually before the eye test, the patient looks through a device and see a 
picture (house, balloon...etc.), then the patient does the tests we mentioned, 
so what is the goal of this device? 
 
This device works as the same principle of the autofocus in cameras. So,  
when the patient looks at the picture inside the device, the picture will reflect 
on his retina and the device will read the reflection, then it will 
accommodate and will autofocus the image until the patient can see the 
picture clearly. At that point, the device will give the needed lens type and 
power. Since this test is not very accurate, a fine tuning procedure will be 
conducted è the ophthalmologist will start putting different types of lenses 
in front of the patient’s eye, and ask which one helped the patient better see 
better (6/6). The patient will be required to try on a number of different 
lenses that are very close to the result (+1/-1). 
 

Retinal problems: a very common problem of the retina is degeneration. This 
problem is not detected by the previous test and could be missed since this device 
can detect the reflection of the picture by the optical apparatus mainly the cornea, 
lens and eye size only, but not the actual function of the retina. Meaning, it will not 
tell whether the patient actually sees the picture or not. So, when a patient with a 
retinal degeneration undergoes the test, the test results will be normal (6/6), and 
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when the ophthalmologist starts with the fine tuning procedure, he will notice that 
the patient can’t actually see. Here, the doctor might get confused and misdiagnose 
the degeneration because the device’s results are different from that of the fine 
tuning one. Therefore, we should not take the device’s results as absolute results.  

Photoreceptors  
There are two types of photoreceptors: 

1- Rods: equal activation on the lens for white and black colors only. 
2- Cones: 3 subtypes, each one is designed to detect a certain range of 

wavelength, yet there is some overlapping between them. This overlap and 
combination of cones allows us to distinguish a wide range of colors by 
using only 3 subtypes with different activation patters. 
There is a coding pattern for each light in the cortex according to its 
wavelength. This coding is composed of numbers. Each number represents 
one of the following lights: blue, green and red, (Please refer to the figure 
while reading the examples): 
 

 
 Note:             Blue cones are sensitive to low-wavelength light.  

             Green cones are sensitive to mid-wavelength light. 
             Red cones are sensitive to high-wavelength light. 
Example: 
A 400 nm wavelength (low) light will activate only 25% of the blue cones 
and there will be no activation of the other types of cones, so the resultant 
code will be (25,0 , 0). 
For 420 nm the code is (50, 0, 0) 
For 500 nm the code is (25, 50, 75) 
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These different codes are responsible for different shades of the blue color. 
So, when reaching 570 nm, there will be no absorption at all for the blue 
color, but we’ll able to see the red color. 
Red color (high wavelength) has a maximum absorption at 590 nm, but after 
590 nm (wavelength > 590 nm) there will be a decrease in the absorption; 
due to its parabolic shape.  
 

• Normal person can differentiate 95-105 different colors. 

 

Color Blindness 
 
Any mutation in the cones’ proteins whether loss of function, complete 
elimination, or change in sensitivity mutation will affect the color range that 
the cones can detect. For example: a mutation can lead to a shift in in the 
range of a certain cone and make it sensitive for 410-600 nm instead of its 
normal range of 400-520 nm.  
Genes encoding proteins of both red and green cones are found on the X 
chromosome. So they commonly affects the males (X-linked). 
Blue cones’ proteins are encoded on chromosome 7 and they are rarely 
mutated. 
 
A complete loss mutation in green cones is called Deuteranope, in red 
cones is called Protanope, and in blue cones is called Tritanopia. 
 
Anomaly: a shift in the spectrum of one of the proteins (shift mutation), 
and it is commoner than a complete loss mutation. 
 
Green color blindness (Deuteranomaly) is present worldwide and affects 6% 
of males (x-linked). 
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When we look at this cube above (left picture), the middle square of both 
sides of the square are of the same color even thought that the one below 
looks brighter than the corresponding one at the superior side. When other 
squares are removed it is clear that both of them are identical. We visualize 
them as different colors because the final image is based on the processing 
of the cortex and not the retina. 
 

Green color blindness- Deuteranope 
According to the phenomena explained above, people with green color 
blindness will see the color of the trees green as we all do, and therefore, 
they are not aware of this color blindness until they check for it. 
For example, a certain shade of green is encoded by (31,36,67), so the retina 
detects the color and transforms it into a code which reaches the cortex and 
get analyzed as a green color. A patient with a green color blindness will 
have a code formed by 2 numbers only (one cone is mutated as shown in the  
figure below). So the green code will be (31, 36) and it will reach the same 
area of the cortex and be analyzed as a green color since this code is unique. 
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The problem appears when looking at a yellow colored objects. For 
example, a certain yellow shade is normally encoded as (0, 83, 85) while for 
green blindness patient, it is (0, 83). This code in these patients will also be 
representing a different shade (color) which is orange. Orange is normally 
encoded by (40, 83, 85), but in these patients, it will be perceived as (0, 83); 
same as the yellow color. So, the patient will have a difficulty in 
differentiating between these 2 colors mainly, unless he can recognize the 
object by its shape and type, and this depends on the memory and processing 
of the cortex. For example, the patient will see a banana in a yellow color, 
and an orange in an orange color.  

 
The test for color blindness is mainly done by a picture that has different 
shades (colors) -mainly orange and yellow-  that contains certain number. 
For example: 
1- Test if the patient has a color blindness or not: 

 
In this picture, a normal person will see 74, while red/green color 
blindness patient will see 21. 

 
2- This picture is to differentiate if the patient has a green or red color 

blindness test: a normal person will see 42, a red color blindness will 
see the 4 only, and a green color blindness patient will see the 2. 


