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In ancient times there were conflicting ideas about eyesight. 
Plato (424 – 348 BC) thought that sight depended on some kind 
of rays coming out of the eyes. Many later philosophers held this 
view and even today it is often the intuitive belief of children. 
Science fiction films sometimes reinforce this notion.

Other thinkers, such as Aristotle (384 – 322 BC), believed that vision 
depended on light from objects entering the eye. This was not widely 
accepted until around 1000 AD. The Islamic scholar Alhazan (965 - 
1040 AD) wrote several books on optics and was probably the first 
to give a coherent account of the structure and function of the eye.

Formation of images
A lens (or magnifying glass) can be used to form an image, on a screen 
or wall, of a bright object such as a window or a lamp. The image is 
inverted, i.e. it is upside down. The image is sharp when the distance 
between the screen and the lens is just right; the image is then said to be 
‘in focus’. If the lens is then moved either towards the screen or away 
from it the image becomes blurred or ‘out of focus’.  

If the object is far away (‘at infinity’, or more than about 10 metres) then 
the distance between the lens and the screen is called the focal length of 
the lens. A typical hand lens (magnifying glass) has a focal length of 
around 15 cm; smaller lenses generally have shorter focal lengths.

Images are formed in the eye in a similar way; the cornea provides about 
70% of the focussing and the remaining 30% is provided by the lens. The 
curvature of the lens is controlled by ciliary muscles, enabling the eye to 
focus on things at different distances. 

The structure of the eye
The basic structure of the eye is 
shown in the diagram.  Light 
enters through the cornea and 
passes through a hole in the 
iris (the ‘pupil’). It then passes 
through the lens and forms an 
inverted image of the outside 
world on the retina. 

Light-sensitive photoreceptors 
in the retina trigger signals that 
travel through the optic nerve 
to the visual cortex — the 
largest system in the human 
brain. 

It is not correct to say that the optic nerve transmits an ‘image’ to the 
brain which is then ‘turned the right way up’. The optic nerve transmits 
nerve signals which are interpreted in the brain. Neurons transmit 
electrochemical pulses at rates of up to 100 per second. The pulses are 
all essentially the same and might be compared to a light being switched 
on and off again. A ‘strong’ signal is indicated by more frequent pulses. 
Each pulse lasts about 2 milliseconds after which the neuron must 
recover before it can transmit another pulse; the recovery time is about 
two milliseconds (2 ms). 

Combining signals
While there are about 120 million rod cells and 6 million cone cells in the 
human eye, there are only 1.5 million ganglion cells whose axon form the 
optic nerve. Bipolar cells in the retina collect signals from the rods and 
cones and transmit them to ganglion cells where they are processed and 
then transmitted to the brain. Somehow the signals from over 120 million 
photoreceptors are combined or reduced in some way by ganglion cells 
before they are transmitted to the brain. How this happens is poorly 
understood at present

Colour vision
The normal human eye has three different kinds of cone cells, commonly 
labelled blue, green and red; they are also called S-cones, M-cones and 
L-cones (referring to short, medium and long  wavelengths of visible light 
that they detect). The peak sensitivities of the S, M and L cones are 420 
nanometres (violet), 560 nm (yellow-green), and 630 nm (orange-red) 
respectively, but there is considerable overlap in the range of wavelengths 
that the different types of cones detect, especially between the M-cones 
and L-cones.  The relative response of the different  photoreceptors 
enables us to distinguish different colours. 

The incidence of colour blindness varies with race. Among Caucasians 
about 8% of men and about 0.5% of women have some form of colour 
blindness, the most common kind being red-green colour blindness. Colour 
blindness results when one or more of the cone types is defective or absent. 

The peak sensitivity of rod cells is around 500 nm (blue-green). They are 
more sensitive to low light levels than the cone cells and enable people 
to see in dim moonlight or even starlight, but with reduced detail.

Formation of an inverted image on the retina
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Visual acuity
The area of the retina is a little over 1000 mm2 (i.e. 10 cm2). The central 
part of the retina is called the macula, occupying about 20 mm2, in the 
centre of which there is a depression called the fovea, about 2 mm2 in 
area. The fovea, which occupies less than 1% of the retina, contains 
densely packed cone cells (about 160,000 cone cells per square 
millimetre) and few if any rod cells. This is one reason why the fovea has 
the greatest visual acuity; the other reason is that about half of the optic 
nerve fibres transmit signals from the fovea.

In the rest of the retina (99%) the packing density of cells (mostly rods) is 
only about 40,000 per square millimetre. Peripheral vision is therefore 
not as sharp as the central gaze. 

Some common eye dysfunctions
Myopia is a condition in which a person can focus on nearby objects but 
not on distant scenes. It can be corrected by using concave lenses i.e. 
ones that are thinner in the middle than at the edge. These may be in the 
form of spectacles or contact lenses.

People with hyperopia cannot focus on 
objects that are near. The condition can be 
corrected by wearing suitable convex lenses, 
either as spectacles or as contact lenses.  

Diplopia, or double vision may be temporary 
or permanent. It can interfere with a person’s 
balance, movement and reading ability. 
Temporary diplopia may be due to tiredness, 
intoxication or concussion. It may also be 
caused by certain medications. People with 
permanent diplopia cope by suppressing 
one of the images. 

As people get older the lens in the eye may 
become gradually cloudy; this cloudiness is called a cataract and is a 
common cause of blindness.  The usual treatment is to surgically remove 
the lens and replace it with a plastic one. The eye then has a fixed focus 
since the ciliary muscles cannot change the shape of the plastic lens.

A more serious condition is age-related macular degeneration (AMD) in 
which the cells in the macula fail to function. As a result the centre of 
gaze is masked and the ability to read and recognise faces gradually 
fades. Peripheral vision, however, remains. 

Diabetes is the leading cause of blindness among the working age 
population.  Over 150,000 people in Ireland have diabetic eye disease.  
Treatment typically involves laser therapy or injections into the eye.

Eye infections
One of the more common eye infections is conjunctivitis. It is an infection 
of the surface of the cornea or of the inner surface of the eyelid. It is 
generally caused by bacteria but viral forms also occur. It generally 
clears up within a few days; antibiotics are usually not necessary. 
However, conjunctivitis is quite contagious.

A stye is generally caused by a bacterial infection of the socket or root of 
an eyelash. At first a stye appears as a small pimple on the eyelid. 
Although styes are usually harmless they can be quite painful.

You can reduce the risk of infection by practising good eye hygiene, 
especially if you use contact lenses. Having a healthy diet and lifestyle   
will further reduce the risk of infection and improve your body’s ability to 
fight infection. This will also reduce the risk of diabetes which is a major 
treatable cause of blindness in Ireland. 

It is not correct to say that the optic nerve transmits an ‘image’ to the 
brain which is then ‘turned the right way up’. The optic nerve transmits 
nerve signals which are interpreted in the brain. Neurons transmit 
electrochemical pulses at rates of up to 100 per second. The pulses are 
all essentially the same and might be compared to a light being switched 
on and off again. A ‘strong’ signal is indicated by more frequent pulses. 
Each pulse lasts about 2 milliseconds after which the neuron must 
recover before it can transmit another pulse; the recovery time is about 
two milliseconds (2 ms). 

Combining signals
While there are about 120 million rod cells and 6 million cone cells in the 
human eye, there are only 1.5 million ganglion cells whose axon form the 
optic nerve. Bipolar cells in the retina collect signals from the rods and 
cones and transmit them to ganglion cells where they are processed and 
then transmitted to the brain. Somehow the signals from over 120 million 
photoreceptors are combined or reduced in some way by ganglion cells 
before they are transmitted to the brain. How this happens is poorly 
understood at present
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labelled blue, green and red; they are also called S-cones, M-cones and 
L-cones (referring to short, medium and long  wavelengths of visible light 
that they detect). The peak sensitivities of the S, M and L cones are 420 
nanometres (violet), 560 nm (yellow-green), and 630 nm (orange-red) 
respectively, but there is considerable overlap in the range of wavelengths 
that the different types of cones detect, especially between the M-cones 
and L-cones.  The relative response of the different  photoreceptors 
enables us to distinguish different colours. 

The incidence of colour blindness varies with race. Among Caucasians 
about 8% of men and about 0.5% of women have some form of colour 
blindness, the most common kind being red-green colour blindness. Colour 
blindness results when one or more of the cone types is defective or absent. 

The peak sensitivity of rod cells is around 500 nm (blue-green). They are 
more sensitive to low light levels than the cone cells and enable people 
to see in dim moonlight or even starlight, but with reduced detail.
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Syllabus References

The relevant syllabus references are:

Leaving Certificate Biology 
Study of the eye; long and short sight corrective measures; central 
nervous system; neurons; central nervous system (CNS); vitamins.

Leaving Certificate Physics 
Lenses; laws of refraction; relevance to the eye; Colour.

Junior Certificate Science
The eye

Student Activities

1. Investigate what is meant by the ‘blind spot’

2. There are many websites that have ways to demonstrate the 
existence of the blind spot. Explore a few of these and see if you 
can devise a way to demonstrate the size and location of the blind 
spot in the field of view. 

3. What are the implications of the blind spot  
(i)  for drivers  
(ii)  for people who have lost sight in one eye.   

True/False Questions

a) The lens provides most of the focusing in the  eye.  T F

b) The front of the eye is called the cornea. T F
c) The human eye normally has three types of colour   

receptors (cone cells). T F

d) An inverted image is formed on the retina.  T F
e) The curvature of the lens in the eye is controlled   

by the iris. T F

f) The hole in the centre of the iris is called the pupil.  T F
g) The size of the pupil changes with the brightness   

of the object or scene. T F
h) The normal human eye has about 120,000,000   

photoreceptors.  T F

i) A neuron goes from every rod cell to the brain.  T F
j) A convex lens can enable a person with hyperopia   

bring nearby objects into focus. T F
k) Age-related macular degeneration reduces   

peripheral vision.  T F
l) Diabetic eye disease is the leading cause of blindness   

among the working age population.  T  F

Check your answers to these questions on www.sta.ie.
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Learning Outcomes

On completion of this lesson, students should be able to: 

• Describe the structure of the eye

• Outline the function of the main parts of the eye

• Explain how an image can be formed by means of a convex lens 

• Explain the role of the cornea and of the lens in the formation of 
images on the retina

• Explain the role of the lens in changing the focal length of the eye’s 
optical system

• Explain how the eye senses different colours

• Explain why there is a blind spot in the eye

• Explain how concave and convex lenses can be used to correct 

certain eye dysfunctions.

General Learning Points

The following points can be used to enhance the lesson content 
and to inform discussion.

1. A convex lens can be used to form images on a screen. The cornea 
and lens of the eye can similarly form an image on the retina.

2. Concave and convex lenses can be used to correct myopia and 
hyperopia.

3. In the eye there are in total about 120 million rod cells and about 6 
million cone cells.

4. There are three kinds of cone cells. These cells detect different 
colour ranges. The rod cells detect overall light levels and can 
operate in lower light conditions.

5. Cone cells are concentrated near the centre of gaze; the macula 
contains only cone cells and has the highest visual acuity. 

6. The optic nerve contains only about 1.5 million neural axons. 
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Examination Questions

Junior Certificate Science (HL) 
2011, Q. 1 d 

The diagram shows the human eye. 

Give the functions of the cornea and  
of the ciliary muscle.

Leaving Certificate Biology, OL, Q. 14 b

(i)  Copy the diagram of the front of the eye into your answer book 
and label the iris and the pupil.

(ii)  Is the eye shown in the diagram above adapted for dim light or 
bright light? Explain your answer.

(iii) Where in the eye is the retina located?

(iv) Two types of cells that receive light are found in the retina. Name 
each of these.

(v)  Give one difference between the two types of cell that receive 
light.

(vi)  The optic nerve is attached to the eye. What is the function of the 
optic nerve?

Leaving Certificate Physics, HL, 2008, Q. 9

What is meant by refraction of light? State Snell’s law of refraction. 

An eye contains a lens system and a retina, which 
is 2.0 cm from the lens system. The lens system 
consists of the cornea, which acts as a fixed lens 
of power 38 m−1, and a variable internal lens just 
behind the cornea. The maximum power of the 
eye is 64 m−1. Calculate: 

(i)  how near an object can be placed in front 
of the eye and still be in focus;

(ii)  the maximum power of the internal lens.  
Light is refracted as it enters the cornea 
from air as shown in the diagram. 

 Calculate the refractive index of the 
cornea. Draw a diagram to show the path of a ray of light as it 
passes from water (refractive index 1.33) into the cornea. 

 A swimmer cannot see properly  
when she opens her eyes underwater.

When underwater:

(i)  why does the cornea not act as a lens?

(ii)  what is the maximum power of the eye?

(iii)  why do objects appear blurred?

Did You Know?

• It seems rather strange that vertebrate eyes appear to be ‘wired’ the wrong 
way round, with the photoreceptors facing backwards and the ‘wires’ (i.e. the 
neurons) facing the front. Light entering the eye passes through the cornea, 
the aqueous humour, the lens, the vitreous humour, the inner membrane of 
the retina, the ganglion cells, the bipolar cells and finally the rods and cone 
cells (the photoreceptors). The 1.5 million neurons that transmit signals to the 
brain are in the inner layer of the retina and have to exit the eye at some point. 
This produces a blind spot. Nevertheless the vertebrate eye is very efficient 
and can in fact detect single photons.

• Some vertebrates (e.g. cats and dogs) have a reflective layer (the tapetum 
lucidum) behind the retina that reflects any light that gets through the retina 
back into the photoreceptors. This increases their ability to see in low light. 
‘Eyeshine’ is often seen in flash photographs of animals with this reflective 
layer. 

• The eyes of invertebrates are generally wired ‘the right way round’ with the 
neurons exiting at the back of the retina. For this reason they do not have a 
blind spot.

Biographical Notes 
Allvar Gullstrand (1862 – 1930) 
Allvar Gullstrand was a Swedish ophthalmologist i.e. a specialist who 
studies the structure and function of the eye as well as diseases and 
dysfunctions of the eye. 

He was professor (1894–1927) of eye therapy and, later, of optics at the 
University of Uppsala. He used the principles of physics to understand 
how the eye forms images. For this work he received the ‘Nobel Prize in 
Physiology or Medicine’ in 1911. He made significant improvements to 
the ophthalmoscope — an optical instrument used to see the inside of 
the eye — and designed artificial lenses that could replace eye lenses 
that had cataracts. 

As a member of the Swedish Academy of Science he prevented the 
awarding of the Nobel Prize in Physics to Einstein for his theory of 
relativity because he believed it to be wrong.

Revise The Terms

Can you recall the meaning of the following terms? Revising 
terminology is a powerful aid to recall and retention.

AMD, axon, bipolar cell, cataract, Caucasian, cilliary muscles, coherent, 
concave lens, conjunctivitis, contagious, convex, cornea, diabetes, 
diplopia, electrochemical, focal length, fovea, ganglion cells, hyperopia, 
intuitive, inverted, lens, macula, millisecond, myopia, neuron, nm, optic 
nerve, peripheral vision, philosopher, photoreceptor, pupil, ray, retina, 
rod cell, stye, visual acuity, visual cortex, wavelength.

Check the Glossary of terms for this lesson on www.sta.ie


