
 

 

Irish Medicines Board 

Improving Human Vision 

What is a Medical Device? 

Any product, except medicines, used in healthcare for 

the diagnosis, prevention, monitoring or treatment of an 

illness or disability is called a medical device. There are 

many medical devices on the market including heart 

valves, hospital beds, pacemakers, resuscitators, 

surgical instruments, syringes and wheelchairs. It is very 

important that medical devices are safe and effective for 

people to use. In Ireland, the Irish Medicines Board 

(IMB) oversees and regulates the safety, quality and 

efficacy of all medicines and medical devices. Many 

people are surprised to learn that contact lenses are 

classified as medical devices. In this lesson we examine 

the operation of the human eye and function of contact 

lenses in correcting defective vision. 

The Eye is an Optical Marvel 
The resolution of a digital camera is often expressed as the number 

of picture elements, or pixels, it contains. For example an array with 

3,000 rows of 4,000 individual sensors could be described as a 12 

megapixel sensor. The human eye is much better, having typically 

100 million light sensitive cells. These are of two types, called rods 

and cones, and are densely packed on the retina, at about 40,000 

per square millimetre near the periphery and about 160,000 per 

square millimetre at the fovea. The rod cells are more numerous 

and more sensitive but are not colour sensitive. At the fovea there 

are no rod cells but only cone cells packed tightly. The part of the 

image that is projected onto the fovea is seen most clearly. For 

example, when reading, our eyes must follow the text because only 

a few letters at a time can be focussed onto the fovea.  

 

Many cameras have autofocus capability; the distance between the 

lens and the sensor array is adjusted automatically so that the 

subject of interest is sharply focussed. The human eye can also 

focus automatically but in a slightly different way. The shape of the 

lens in the eye is adjusted by the ciliary muscles, thereby changing 

its focal length. This happens so quickly that we are generally 

unaware of it. 

In dim conditions the pupil of the eye dilates to let more light in. 

The pupil is the hole in the centre of the iris; it appears black 

because almost all the light that goes in through it is absorbed 

within the eye and very little light gets out again.  

Lenses 
A magnifying glass is usually a biconvex lens; both sides are 

convex and so it is thicker in the middle than at the edges. Light 

from a point at one side of the lens may be brought to a focus at a 

point on the other side. Light passing through the lens from many 

points on an illuminated object can form an image on a wall or 

screen. The image is inverted and is reduced in size if the object is 

distant. In the same way, inverted reduced images are formed on 

the retina of the eye.  

Refraction 
Light travels at about 300,000 km/s (3 × 108 m/s) in air. However, 

in optically dense materials it does not travel quite so fast, 2.25 × 

108 m/s in water and about 2 × 108 m/s in glass, depending on its 

composition. The ratio of the speed in air (or in a vacuum, to be 

precise) to the speed in a given material is called the refractive 

index of the material. The refractive index of water is 1.33 and of 

glass about 1.5.  

The decrease in the speed of light as it travels from air into glass 

causes it to change direction. The light bends, or refracts, into the 

denser medium. When it emerges from the glass it returns to the 

original direction, but only if the surfaces are parallel. Light passing 

through a convex lens does not return to the original direction. 

Because of this a lens can focus light.   

Refraction in the Eye 
The lens in the eye has only a small, but significant, part to play in 

the formation of an image on the retina. This is because its 

refractive index (1.42) is not much different from that of the fluid in 

the eye (1.336). The main bending of the light actually takes place 

as it travels from the air into the cornea (refractive indices 1.0 and 

1.336). The cornea is more sharply curved than the rest of the 

surface of the eye; this enhances its focussing effect. 

Eye Defects 
If the cornea is not sufficiently curved, then the focal length is too 

long. This condition is known as hyperopia. People with hyperopia 

may see distant objects clearly but cannot focus on objects that are 



 

 

near. The condition can be corrected by wearing suitable convex 

lenses, either as spectacles or as contact lenses. 

The ability of the eye to focus on near objects tends to decrease 

after middle age, a condition known as presbyopia. This is thought 

to be due to a decrease in the flexibility of the lens. It may also be 

due to lack of exercise of the ciliary muscles.  

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. 

Contact Lenses 
As the name suggests, contact lenses are placed in contact with 

the surface of the eye. Practical glass contact lenses were in use 

from the late 1880s. Plastic lenses were produced in the 1930s. 

These earlier types covered part of the sclera as well as the cornea. 

True corneal contact lenses were introduced in 1949.  

Corneal cells require oxygen but they do not have a direct blood 

supply, so they get most of their oxygen directly from the air.  

When the eyes are closed, the oxygen is supplied by the tears 

which lubricate the eye. 

Contact lenses have low oxygen permeability and can become 

uncomfortable after a few hours. Various methods have been used 

to overcome this problem. Modern soft gel lenses have good 

oxygen permeability but do not last as long as harder gel or plastic 

lenses. 

Converging Lenses 
Contact lenses are convex on the outer surface but must be 

concave on the inner surface which is in contact with the cornea. 

For treatment of hyperopia and presbyopia, converging lenses are 

required. They are thicker in the middle than at the edges.  

Diverging Lenses 
For treatment of myopia, diverging lenses are required. They do 

not have the rounded feel of convex lenses and can cause irritation 

of the eyelid in severe cases of myopia. One way of overcoming 

this is to use a combination of a diverging lens (concave) and 

converging lens (convex) to produce a lens of a smoother shape. 

Usually, the diverging lens is made from a material with a high 

refractive index (e.g. 1.9) and the convex lens with a material of a 

low refractive index (e.g. 1.3). 

 

 

Irish Medicines Board 
The mission of the Irish Medicines Board is ‘to protect and 

enhance public and animal health through the regulation of 

medicines, medical devices and healthcare products’. 

The IMB assesses and regulates the safety, quality and efficacy of 

medicines and medical devices available in Ireland.  

Members of staff of the IMB together with the assistance of the 

Board’s committees and individual experts review the scientific 

aspects relating to the safety and efficacy of medicines and 

medical devices used in Ireland. Once a medicine or a medical 

device is made available for use, the IMB monitors the type and 

frequency of any reported side-effects.  Companies placing 

medicines or medical devices on the Irish market are required to 

keep the IMB informed of events with potential safety 

consequences for their products. 

The Irish Medicines Board also monitors the quality of medicines 

by conducting inspections at sites of manufacture and distribution 

of medicines and by random sampling of products both pre and 

post authorisation. The IMB also audits and monitors the ongoing 

performance of Notified Bodies for medical devices, who are 

responsible for assessing devices before they are placed on the 

market. The use of medicines and medical devices for clinical 

research purposes also falls within the IMB’s remit.  In the case of 

veterinary medicines there must likewise be assurance of quality, 

safety and efficacy but in addition the consequences to human 

health of the use of medicines in animals must be considered. 

In addition to its regulatory activities the Irish Medicines Board also 

carries out enforcement of many of the regulations for which it has 

responsibility.  Enforcement activities include investigation of 

potential breaches of regulations and a range of measures, 

including prosecution, may be applied. 

You can learn more about this and other Irish Medicines Board 

lessons on www.sta.ie. 

 

 



 

 

Irish Medicines Board 

Improving Human Vision 

Teaching Notes 

Syllabus References 

Junior Certificate Science 

Appreciate the structure of the eye and the functions of the parts of 

the eye. 

Locate the main parts of the eye on a model or diagram and 

describe the function of the cornea, iris, lens, pupil, retina, optic 

nerve and ciliary muscle. (p. 13) 

Leaving Certificate Biology  

Study of the eye. Corrective measures for long and short sight. (p. 

37) 

Learning Outcomes 

On completion of this lesson, the student should be able to: 

• Draw a diagram to show the basic structure of a human eye. 

• State the major functions of the different parts of the eye. 

• List the advantages of having two eyes instead of one eye. 

• List the advantages of the overlapping fields of vision of the two 

eyes. 

• Assess the meaning of the automatic signals one receives by 

observing another person’s eyes. 

• Understand that dim light vision does not give detailed visual 

information. 

• Appreciate that our visual sensation occurs in the brain not in 

the eyes. 

• Understand that the brain combines two slightly different 

images forming one interpreted ‘picture’. 

• Explain that blurred vision occurs when images on the retina 

are out of focus. 

• Draw ray diagrams to explain myopia and hyperopia and 

outline how these conditions may be corrected with lenses. 

• Define the role of the Irish Medicines Board. 

 

General Learning Points 

The following information can be used to revise the lesson’s main 

learning points and inform discussion. 

• Our eyes are our most important sense organs. 

• Many millions of special light sensitive cells are for a detection 

layer on the inside of the eye. 

• The light from external objects is focused onto the specialised 

light sensitive layer. 

• The eye has different specialised cells for dim and bright light.  

• Our eyes are particularly specialised for bright light - colour and 

detail. 

• Our eyes don’t just receive signals but also involuntarily signal 

our feelings and emotions. 

• The more science we know the better we understand and enjoy 

the natural world. 

• Our eyes cannot always be trusted - ‘what you see may not be 

real’ as the brain may misinterpret the two different sets of 

signals from the eyes. 

• Normal vision is far superior to myopia or hyperopia. 

• By correcting visual defects one’s life is greatly enhanced.  
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Improving Human Vision 

Exercises 

Investigations 

1. Investigating the blind spot 

 Close your left eye and look directly at the triangle. The black 

circle should then be visible, though not clearly. Slowly move 

your head closer to the drawing. Note when the circle is no 

longer visible. Continue to move towards the drawing and note 

when the circle reappears. 

 In the eyes of vertebrates the optic nerves and blood vessels 

run along the front of the retina and the point at which they 

leave the eye is so densely covered by them that a blind spot is 

formed.  

2. Accommodating to dim light 

 Look closely into a mirror in a dim room - note that your pupils 

are dilated. Switch on a bright light - observe your pupils 

constricting rapidly. Switch off the light - observe your pupils 

dilating. 

3. When you switch off a light at night, the room appears very dark 

but after a few minutes the room appears to have brightened 

considerably and you can distinguish many objects in it. It 

takes about four minutes for the rods to remake a sufficient 

amount of a chemical rhodopsin needed for their operation in 

dim light.  

4. Stereoscopic vision 

 Place a card vertically on the dotted line. Move your face close 

to the other edge of the card so that each eye is looking at a 

different image. Be patient; after a while you begin to see one 

object, apparently in three dimensions. Can you tell the relative 

position of the circle?  

 

True/False Questions 

a) The lens does all the focusing of light onto the retina. T F 

b) The iris controls the size of the pupil. T F 

c) The fovea contains only rod cells. T F 

d) The ‘blind spot’ is where the optic nerve passes through  

the retina. T F 

e) The aqueous humour fills the back of the eye behind the lens. T F 

f) The cones of the retina do not operate in dim light. T F 

g) The rods are responsible for colour vision. T F 

h) The overlapping visual fields of our eyes give us  

stereoscopic vision. T F 

i) Big pupils make you appear more attractive than small pupils. T F 

j) A short sighted person cannot see close objects clearly. T F 

Check out your answers to these questions on www.sta.ie 

Examination Questions 

Junior Certificate Science (HL) 2008, Q. 1h 

Give the function of:  

(i) the iris,   

(ii) (ii)the pupil 

The pupil is transparent. Why does the 

pupil appear to be black in most 

situations? (Note: the pupil may appear 

red in photographs taken in the dark using 

a flash). 

Junior Certificate Science (OL) 2008 Q. 2b 

The diagram shows the human eye. Examine the diagram and 

answer the questions that follow. 

(i) In the table write the letter A beside the name of the part 

labelled A. 

(ii) In the table write the letter B beside the name of the part 

labelled B. 

(iii) In the table write the letter C beside the function of the part 

labelled A. 

(iii) In the table write the letter D beside the function of the pupil. 

 

Iris   

Retina   

Lens   

Allows light in   

Focuses light   



 

 

 

Leaving Certificate Biology (HL) 2009, Q. 15b 

The diagram shows the human eye.  

(i) Name the parts labelled V, W and X. 

(ii) Give the functions of parts Y and Z. 

(iii) 1. Suspensory ligaments. 2. Cones. 3. Optic nerve. 4. Brain. 

 Outline the roles in vision of any three of the above structures. 

(iv) Explain how the iris works. 

(v) Suggest a reason why two eyes are better than one. 

 

Did You Know? 

Rods and Cones 

Each of your eyes has about 100 million rod cells (estimates vary 

between 90 and 150 million) and 5 million cone cells. Cone cells 

are colour sensitive and are of three kinds - with maximum 

sensitivity to different parts of the spectrum. Rod cells do not 

distinguish colours but they are about a hundred times more 

sensitive to light than cone cells. The retinas of nocturnal birds, 

such as owls, only have rods. 

Optic Nerve 

Each optic nerve is about as thick as a computer mouse cable and 

contains around one million nerve cell fibres carrying signals to the 

optic centre of the brain.  

The Pupil 

The word pupil is from the Latin words ‘pupillus’ or ‘pupilla’ 

meaning ‘a little boy’ or ‘a little girl’. Our pupils can dilate to four 

times their constricted diameter giving a sixteen fold increase in the 

amount of light entering the eye. (area of a circle = π r2)  

Contact Lenses  

Contact lenses were first made in 1887 by Adolf Fick. Contact 

lenses are not suitable for everyone and are not recommended if a 

person has chronic glaucoma, diabetes, allergies or eye 

inflammation. Eyeglasses were invented by the Italian physicist 

Salvino degli Armati in 1285. 

 

Biographical Notes 

George Malcolm Stratton (1865-1957) 

Professor George Malcolm Stratton was born in 1865 California 

U.S.A. He graduated in philosophy from the University of California 

in 1888 and received his Ph. D. in psychology in 1896. He 

published two papers reporting his now famous investigation: 

‘Vision without inversion of the retinal image’. This work settled the 

two major problems of (i) ‘erect vision with an inverted image’ (ii) 

‘the role of experience in space perception’. His numerous and 

varied experiments were carefully planned and thoroughly 

executed. 

 

Revise the Terms 

Can you recall the meaning of the following terms? Reviewing 

terminology is a powerful aid to recall and retention. 

aqueous humour, brain, choroid, ciliary body, ciliary muscle, 

cones, convex, cornea, fovea, hypermetropia, hyperopia, iris, lens, 

ligaments, medical device, myopia, optic nerve, pupil, receptor 

cells, retina, rods, sclera, stereoscopic vision, visual acuity, vitreous 

humour. 

Check the Glossary of Terms of this lesson at 

www.sta.ie 


