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   10.1 Physics of the Eye



10.1.1 Converging & Diverging Lenses

Converging Lenses

A lens is a piece o f equipment that fo rms an image by ref racting light

There are two  types o f lenses: 

A co nvex, o r co nverging lens

A co ncave, o r diverging lens

In a co nverging lens, parallel rays o f light are bro ught to  a fo cus alo ng the principal axis

This po int is called the fo cal po int

T he Ray Diagram of  a Converging Lens

A converging lens brings parallel rays of light to a focus

The distance fro m the centre o f the lens to  the fo cal po int is called the f o cal length, f

This length depends o n ho w curved, o r ho w thick, the lens is

The mo re  curved (thicker) the lens, the sho rter the fo cal length

The sho rter the fo cal length, the mo re po werf ul the lens

f is po sitive  fo r a co nverging lens because it is in fro nt o f the lens

T he Di�erent  Shapes of  Lenses wit h Long and Short  Focal Lengt hs
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The focal length is shorter in a lens that is thicker and more curved. This makes for a more powerful lens

Real & Virtual Images

Images pro duced by lenses can be either real o r virtual

Real image Virtual image

light co nverges to wards a fo cal po int light diverges away fro m a fo cal po int

always inverted always upright

can be pro jected o nto  a screen canno t be pro jected o nto  a screen

intersectio n o f two  so lid lines
intersectio n o f two  dashed lines (o r a dashed and a

so lid line)

example: image fro m a pro jecto r o nto  a

screen example: image in a mirro r
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Constructing Ray Diagrams

When co nstructing ray diagrams o f refracto rs, it is generally assumed that the lenses used are

very thin

This simpli�es the situatio n by reducing the amo unt the incident rays o f light refract

As a result, the three main rules fo r co nstructing ray diagrams are as fo llo ws:

1. Rays passing thro ugh the principal axis will pass thro ugh the o ptical centre o f  the lens

undeviated

Converging Lens Ray Diagram Const ruct ion Rule 1

2. Rays that are parallel to  the principal axis will be ref racted and pass thro ugh the f o cal

po int f

Converging Lens Ray Diagram Const ruct ion Rule 2
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3. Rays passing thro ugh the f o cal po int f will emerge parallel to  the principal axis

Converging Lens Ray Diagram Const ruct ion Rule 3

Image Formation by a Converging Lens

Images fo rmed by lenses can be described by their

Nature: Real o r virtual

Orientatio n: Inverted o r upright (co mpared to  the o bject)

Siz e: Magni�ed (larger), diminished (smaller), o r the same siz e (co mpared to  the o bject)

Drawing ray diagrams of  real images

Fo r an o bject placed at a distance greater than 2 fo cal lengths...

A Converging Lens Ray Diagram f or an Object  Placed Furt her t han 2f
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The image that fo rms will have the fo llo wing pro perties:

T he image f o rms... between f and 2f

T he nature o f  the image is... real

T he o rientatio n o f  the image is... inverted

T he siz e o f  the image is... diminished

Fo r an o bject placed at a distance equal to  2 fo cal lengths...

A Converging Lens Ray Diagram f or an Object  Placed at  2f
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The image that fo rms will have the fo llo wing pro perties:

T he image f o rms... at 2f

T he nature o f  the image is... real

T he o rientatio n o f  the image is... inverted

T he siz e o f  the image is... the same

Fo r an o bject placed at a distance between 1 and 2 fo cal lengths

A Converging Lens Ray Diagram f or an Object  Placed Bet ween f  and 2f

The image that fo rms will have the fo llo wing pro perties:

T he image f o rms... beyo nd 2f

T he nature o f  the image is... real

T he o rientatio n o f  the image is... inverted

T he siz e o f  the image is... magni�ed

Drawing ray diagrams of  virt ual images

Fo r an o bject placed at a distance less than the fo cal length (i.e. a magnif ying glass):

A Converging Lens Ray Diagram f or an Object  Placed Less t han f
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The image that fo rms will have the fo llo wing pro perties:

T he image f o rms... at 2f (o n the same side as the o bject)

T he nature o f  the image is... virtual

T he o rientatio n o f  the image is... upright

T he siz e o f  the image is... magni�ed
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Worked example

Draw a ray diagram to  sho w ho w a co nverging lens can be used to  fo rm a diminished image o f a

real o bject.

Label the o bject, image and principal fo ci o f the lens o n yo ur diagram.

Answer:

Step 1: Start by drawing and labelling a principal axis and the lens as a line o r a very thin ellipse

Step 2: Mark and label the f o cal po ints o n each side o f  the lens

Step 3: Draw and label the o bject at a distance greater than the f o cal length o n the lef t side o f

the lens
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Tip: Fo r a diminished image the o bject sho uld be placed a distance o f at least 2F away fro m

the lens

Step 4 : Draw a ray thro ugh the o ptical centre o f  the lens 

Step 5: Draw a seco nd ray f ro m the o bject to  the lens which is parallel to  the principal axis

Step 6: Draw the co ntinuatio n o f  the ray passing thro ugh the f o cal po int o n the right side o f

the lens
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Step 7 : Draw and label the image at the po int where the rays meet

Step 8: Check yo ur �nal image and make sure everything is included to  gain the marks

Fo r a three-mark questio n, examiners will be lo o king fo r:

One ray drawn thro ugh the o ptical centre o f the lens

A seco nd ray drawn which pro duces a diminished (smaller) image (which must pass

thro ugh a labelled fo cal po int)

Bo th the o bject and the image must be drawn and labelled co rrectly
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Diverging Lenses

In a diverging lens, parallel rays o f light are made to  diverge (spread o ut) fro m the principal

f o cus  o n the principal axis

This lens is so metimes referred to  as a co ncave  lens

T he Ray Diagram of a Diverging Lens

Parallel rays from a diverging lens appear to come from the principal focus

Just like fo r co nverging lenses, the distance fro m the centre o f the lens to  the fo cal po int is

called the f o cal length, f

This length also  depends o n ho w curved, o r ho w thick, the lens is

The mo re  curved (thicker) the lens, the sho rter the fo cal length

The sho rter the fo cal length, the mo re po werf ul the lens

Ho wever, f is negative  fo r a diverging lens because it is behind the lens

Image Formation by a Diverging Lens

No  matter the po sitio n o f the o bject all images fo rmed by diverging lenses are:

Nature: Virtual (and no t real)

Orientatio n: Upright  (the same as the o bject)

Siz e: Diminished  (smaller than the o bject)

Po sitio n: On the same side  o f the lens as the o bject
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Fo r an o bject placed at any distance away fro m the lens (further than the fo cal po int o r clo ser

than):

The ray o f light incident o n the centre o f the lens do es no t change directio n

The rays o f light parallel to  the principal axis are refracted

It appears that they co me fro m a virtual f o cus

Virtual Image Produced by a Diverging Lens with Object Beyond f

A diverging lens always produces a virtual image no matter the position of the object in relation to the

focal point or the lens. Here the object is further away from the lens than the focal point.

Virtual Image Produced by a Diverging Lens with Object Closer than f

A diverging lens always produces a virtual image no matter the position of the object in relation to the

focal point or the lens. Here the object is closer to the lens than the focal point.

Constructing Ray Diagrams for Diverging Lenses

Fo llo w the steps belo w to  pro duce a ray diagram fo r a diverging lens:
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Step By Step To Constructing a Virtual Image from a Diverging Lens

The step-by-step procedure for drawing accurate diverging lens ray diagrams

�. Start by drawing a ray go ing fro m the to p o f the o bject thro ugh the centre  o f the lens. This ray will

co ntinue to  travel in a straight line

�. Next draw a ray go ing fro m the to p o f the o bject, travelling parallel to  the axis to  the lens. When

this ray emerges fro m the lens it will mo ve in a line as if co ming fro m the f o cal po int

�. Draw a dashed line co ntinuing this ray do wnwards to  the fo cal po int, f

�. The image is the line drawn fro m the axis to  the po int where the abo ve two  rays meet
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Worked example

Draw a ray diagram to  sho w ho w an image is fo rmed o f an o bject placed at the fo cal po int o f a

diverging lens.

Label the o bject, image and principal fo cus o f the lens o n yo ur diagram. 

Answer:

Step 1: Start by drawing and labelling a principal axis and the lens as a line

Step 2: Mark and label the principal f o cus and the o bject in the same place o n o ne side o f  the

lens

Step 3: Draw a ray f ro m the to p o f  the o bject thro ugh the centre o f  the lens
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Step 4 : Draw a ray f ro m the to p o f  the o bject travelling parallel to  the axis o f  the lens

Step 5: Draw the co ntinuatio n o f  the ray diverging away f ro m the principal f o cus

Step 6: Draw a dashed line co ntinuing this ray do wnwards to  the principal f o cus
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Step 7 : Draw an arro w up f ro m the principal axis to  the po int where the two  rays meet and

label it  image

Exam T ip

When drawing ray diagrams, co nvex (co nverging) and co ncave (diverging) lenses can be

simpli�ed using the fo llo wing symbo ls:
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10.1.2 Lens Calculations

Lens Calculations

Power

The po wer o f a lens, P  is calculated using the fo llo wing equatio n:

P = 

1
f

Where: 

P = po wer (dio ptres, D)

f = fo cal length o f the lens (m)

The fo cal length is measured fro m the centre o f the lens

Po wer is inversely pro po rtio nal to  f o cal length

So  the mo re po werful the lens the sho rter the fo cal length

Fo r a diverging (co ncave) lens, where the fo cal length is negative, po wer has a negative value

Worked example

A diverging lens has a fo cal length o f −1.5 cm.

Calculate the po wer o f the lens.

Answer:

Step 1: Write the kno wn values

Fo cal length, f = −1.5 cm

Step 2: Co nvert the f o cal length into  m

1 m = 100 cm

So , −1.5 cm = −1.5 ÷ 100 = −0.015 m

Step 3: Recall the equatio n f o r po wer and f o cal length

P =
1
f

Step 4 : Substitute f o r f o cal length into  the equatio n

P =
1

−0 .015

Step 5: Calculate the po wer o f  the lens, P

P = −66.6  D
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Worked example

A lens is set up between an o bject candle and a screen. All the equipment is arranged

perpendicular to  the desk. The image o f the candle is in fo cus when the screen is po sitio ned 60

cm fro m the lens.

Determine the po wer o f the lens.

Answer:

Step 1: Write the kno wn quantities in S.I. units

Image is in fo cus, so  the screen is at the fo cal po int

Fo cal length, f  = 60 cm = 0.6 m

Step 2: Write the equatio n f o r po wer and substitute the values

P =
1
f =

1
0 .6 =1 .67

Step 3: Give the f ull answer, to  co rrect signi�cant �gures and with units

The po wer o f the lens, P = 1.7 D

Exam T ip

The explanatio ns abo ve relate to  life in a co mmo n sense way. Stro nger, mo re po werful reading

glasses are used by peo ple who  have the weakest eye sight. They need lenses to  do  mo re o f the

fo cusing fo r them. 

T he Lens Equation
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This equatio n can be applied to  all thin co nverging and diverging lenses

The equatio n relates the f o cal length o f the lens to  the distances  fro m the lens  to  the image  and

the o bject

1
f =

1
u +

1
v

Where:

f = fo cal length (m)

v = image distance fro m lens (m)

u = o bject distance fro m lens (m)

f, v and u do  no t all have to  be in meters but they do  have to  be in the same units

They are measured fro m the centre o f the lens

Labels of  f, u and v on Converging and Diverging Ray Diagrams
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Examples of where the lens equation can be used

 Remember that:
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The values are po sitive  if the image is real

v is negative if the image is virtual 

f is negative if the lens is diverging

Worked example

A student investigates the fo cal length o f a thin lens by using it to  pro ject and image o nto  a

screen.

The o bject is set 50.0 cm fro m the centre o f the lens and the screen mo ved back and fo rth until

the inverted image is sharp. This po sitio n is fo und to  be 75.0 cm fro m the lens.

Determine the fo cal length o f the lens.

Answer:

Step 1: Write the kno wn values

Distance fro m o bject to  lens, u = 50.0 cm

Distance fro m image to  lens, v = 75.0 cm

Step 2: Write the equatio n and substitute in the values

1
f =

1
u +

1
v =

1
50 +

1
75 =

1
30

f = 30 cm

Exam T ip

It is easy to  fo rget the last step in a calculatio n like this o ne. Remember that yo u are calculating 

 no t f, and that yo u need to  take the recipro cal o f yo ur answer.

Linear Magni�cation

Magni�cat ion as a Rat io of  Height s

Magni�catio n means ho w much larger the image is than the o bject

This is the ratio  o f the image/o bject height
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m =
h i

ho

Where:

m = magni�catio n

h = image height (m)

h  = o bject height (m)

Magni�cat ion as a Rat io of  Dist ances

A diagram o f an o bject and its real image  will pro duce similar triangles

Therefo re, the ratio  o f magni�catio n is also  represented by co mparing the distance fro m the

lens to  the o bject and the image

Real Image Magni�cat ion as a Rat io of  Image and Object  Dist ances

The ratio of object distance u to image distance v is the same as object height h  to image height h for a

real image

This also  wo rks fo r virtual images

Virt ual Image Magni�cat ion as a Rat io of  Image and Object  Dist ances

i

o

1 0 
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The ratio of object distance u to image distance v is the same as object height h  to image height h for a

virtual image

m =
v
u

Where:

m = magni�catio n

v = distance fro m lens to  image (m)

u = distance fro m lens to  o bject (m)

Since magni�catio n is a ratio , it has no  units

1 0 

Worked example

A magnifying glass has a fo cal length o f 15 cm. It is held 5 cm away fro m a co mpo nent which is

being examined. 

Determine the magni�catio n o f the image.

Answer:

Step 1: Write the kno wn values

Fo cal length, f = 15 cm

Distance between o bject and lens, u = 5 cm

Step 2: Use the lens f o rmula and rearrange to  make v the subject

1
f =

1
u +

1
v

v=
⎛
⎜
⎜

⎝

⎞
⎟
⎟

⎠

1
f −

1
u

−1
=

⎛
⎜
⎜

⎝

⎞
⎟
⎟

⎠

1
15 −

1
5

−1
= − 7 .5 cm

The negative sign indicates a virtual image (expected fo r a magnifying glass) and is

igno red fo r the next step

Step 3: Use the magni�catio n f o rmula to  �nd the magni�catio n o f  the image

m=
v
u =

7 .5
5 = 1 .5
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Exam T ip

The mo st co mmo n mistake with magni�catio n calculatio ns is to  get the fo rmula upside do wn.

Do  a 'sanity check' by lo o king at the answer to  make sure that magni�ed o bjects have go t bigger

(m > 1) and diminished o nes smaller (m < 1).

Since we are wo rking with ratio s (so  the units get cancelled o ut) this is o ne o f tho se rare times

when yo u do n't need to  co nvert everything to  SI units, but do  check that yo ur units are all the

same - fo r example all distances in cm.
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10.1.3 Structure of the Eye

Structure of the Eye

T he Main Structure of the Eye

Our eyes co ntain co nverging lenses  that fo cus light o nto  the retina at the back o f the eye

Each co mpo nent the light passes thro ugh has a di�erent ref ractive index causing a di�erent

amo unt o f refractio n to  the light entering the eye

 T he Main Feat ures of  t he Eye

The basic structure of the eye

Light rays enter the eye thro ugh the co rnea

A transparent co nvex membrane that co vers the fro nt o f the eye

Variatio ns and defects in its shape lead to  pro blems in fo cussing the light o nto  the retina at

the back o f the eyeball

The co rnea has a high refractive index, co mpared to  air, so  light entering the eye is initially

refracted by a large angle

T he Pupil

The pupil is surro unded by muscles called the iris

They co ntro l the amo unt o f light entering the eye

When in a dark ro o m the iris expands allo wing the pupil to  dilate  (widen) so  mo re light can

enter the eye

When in bright sunlight the iris co ntracts  causing the pupil to  get smaller, so  less light can

enter the eye

Cont ract ed and Dilat ed Pupils  
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Pupils dilate when too little light is incident on the eye and contract when there is too much light incident

on the eye

After passing thro ugh the co rnea light rays mo ve thro ugh the clear liquid o f the aqueo us humo ur

befo re they reach the lens

T he Lens

The eye can fo cus light fro m a range o f distances

The near po int is the clo sest distance the eye can fo cus o n

Fo r 'no rmal sighted' peo ple this is 25 cm

The f ar po int  is the furthest distance the eye can fo cus co mfo rtably

Fo r 'no rmal sighted' peo ple this is in�nity

The lens is co ntro lled by the ciliary muscles which changes the f o cal length o f the eye

When the muscles co ntract  the lens beco mes wider / mo re spherical and mo re po werf ul

This o ccurs when the eye is fo cussing o n an image clo se to  the near po int 

When the muscles relax the lens beco mes thinner / less spherical and less po werf ul

This is called an unacco mmo dated lens

It o ccurs when the eye is fo cussing o n an image clo se to  the f ar po int

Remember fro m 10.1.2 Lens Calculatio ns:

u is the distance fro m the o bject to  the centre o f the lens

v is the distance fro m the image to  the centre o f the lens

In an adult human, this is aro und 2 cm

Lens diagrams fo r the eye sho uld be drawn ref racting o nce o nly to  sho w the to tal amo unt o f

refractio n fro m all parts o f the eye.

This is no rmally at the lens o nly  but can so metimes be at the co rnea o nly

Adding to gether the po wers o f the co rnea and the lens  gives the to tal po wer o f the eye

A Wider Lens Has a St ronger Focussing Power
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A wider more spherical lens is created when the ciliary muscles contract and it has a stronger focusing

power. This means the lens can refract rays by a greater angle to focus light rays from nearby objects

when u is small

A Narrower Lens Has a Smaller Focussing Power

A thinner less spherical lens is created when the ciliary muscles relax so the focussing power is less. This

happens when the eye focuses light rays from far away objects, when u is big, as the angle of refraction

needed is less. 

T he Retina

After passing thro ugh the lens the light is fo cussed o n the retina
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The image fo rmed o n the retina is upside do wn but is interpreted by the brain as being the

co rrect way up

The light rays are refracted thro ugh the co rnea and lens  so  that they cro ss within the vitreo us

humo ur and arrive at the retina the o ppo site way aro und

Rays fro m the to p o f the o bject are no w at the bo tto m o f the retina and vice versa

T he Invert ed Image on t he Ret ina

Rays 1 and 2 from the top of the object are now focussed onto the bottom of the retina. Rays 3 and 4 from

the bottom of the object are now focussed on the top of the retina.

The retina co ntains light-sensitive cells called ro ds and co nes 

The o ptic nerve carries signals fro m the ro ds and co nes to  the brain
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Worked example

A bo y is lo o king at a to y 80 cm away. The diameter o f his eye fro m the centre o f the lens to  the

fo vea is 1.75 cm.

(a) Co mplete the diagram to  sho w the passage o f the rays to  the retina. 

(b) Calculate the po wer needed by the bo y's eye fo r him to  be able to  see a fo cused image o f the

to y. 

Answer:

(a) Co mplete the diagram to  sho w the passage o f  the rays to  the retina:

Step 1: Start by sketching the two  rays co ming f ro m the to p o f  the to y

The two  rays separate as they pass to wards the co rnea

At the co rnea, they are bo th refracted to wards the bo tto m o f the image o f the to y o n the

retina (which is no w the to y's head)

Arro ws indicating the directio n o f the rays sho uld be drawn bo th befo re and after the co rnea
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Step 2: No w sketch the two  rays co ming f ro m the bo tto m o f  the to y

The two  rays also  separate as they pass to wards the co rnea

At the co rnea they are bo th refracted to wards the to p o f the image o f the to y o n the retina

(which is no w the to y's feet)

Arro ws indicating the directio n o f the rays sho uld be draw bo th befo re and after the co rnea

(b) Calculate the po wer o f  the bo y's eye f o r an o bject in this po sitio n:

Step 1: Write the kno wn values in meters

Image distance fro m the lens, v = 1.75 cm = 0.0175 m

Object distance fro m the lens, u = 80 cm = 0.8 m

Step 2: Recall the lens equatio n
1
f =

1
u +

1
v

Step 3: Substitute the kno wn quantities into  the equatio n

1
f =

1
0 .8 +

1
0 .0175

Step 4 : Calculate 
1
f

1
f = 58.4

Step 5: Recall the equatio n f o r f o cal length and po wer

P =
1
f

Step 6: State the po wer o f  the lens

P = 58.4 D (3 s.f.)
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10.1.4 Sensitivity of the Eye

Sensitivity of the Eye

Rods and Cones

Light travels thro ugh the fro nt o f the retina to  the ro ds  and co nes  at the back

Ro ds  and co nes  are light-sensitive cells called pho to recepto rs

They detect light and co nvert it into  an electrical signal which allo ws the brain to  visualise the

image

When light falls o n the chemical pigments in the ro ds and co nes they are bleached

This stimulates  the cell to  send signals to  the brain via the o ptic nerve

The cells are reset / unbleached  by vitamin A fro m the blo o d

 A Diagram t o Show t he Posit ion of  t he Rods and Cones in t he Ret ina

The rods and cones are found at the back of the retina

There are abo ut twenty times mo re ro ds  than co nes  in the retina

Ro ds detect varying amo unts o f  light

They wo rk well with lo w-intensity light levels

Co ntribute little detail to  the image

Are no t sensitive to  di�erent co lo urs / wavelengths o f light

Co nes can detect di�erent co lo urs

Each co ne is co nnected to  the brain via o ne nerve �bre

They are sensitive to  high-intensity  light but do  no t functio n well in lo w-intensity light

They co ntribute greater detail to  the image
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They pro vide info rmatio n to  the brain o n the co lo urs in the image

An Image Showing t he Di�erence in Siz e and Number bet ween t he Rods and t he
Cones

The image shows that there are many more rods than cones found in the retina. The rods that detect light

intensity are much longer than the cones that detect colour.

There is o ne type  o f ro d

There are three types  o f co ne

Each type is sensitive to  a di�erent wavelength range  o f light:

Red

Green

Blue

T he Graph Shows t he Colours Det ect ed by t he Rods and Di�erent  Types of  Cone
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The black peak on the graph shows that rods detect 100% of all wavelengths of light from 380 to 650 nm.

When all the colours of the spectrum are not dispersed as their separate colours then they are all detected

as white light. Blue cones detect 100% of blue wavelengths, green cones 100% of green wavelengths

and red cones 100% of red wavelengths

The eye respo nds to  each co lo ur di�erently:

It is less respo nsive to  blue light than red o r green

So  blue  light lo o ks dimmer

The brain pro cesses signals fro m the three types o f co ne and interprets their weighted relative

strengths  as co lo ur

T he Graph Shows t he Relat ive Absorpt ion by t he Brain of  Each Colour

The sum of the relative absorption of blue, red and green wavelengths gives the total relative absorption

of all the colours

Any co lo ur can be pro duced by co mbining di�erent intensities o f red, green and blue light

Fo r example, yello w light can be o btained by co mbining signals fro m the red and green co nes

Worked example

Explain what types o f co nes are used by the brain to  detect purple light. 

Answer:

Purple is made by mixing red and blue

So  the brain uses red and blue co nes to  detect purple light

Exam T ip

Yo u will no t be asked to  draw any images o f parts o f the eye, such as the retina and ro ds o r co nes.

Yo u may be asked to  sketch o ne o f the graphs sho wn o n this page. 
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10.1.5 Spatial Resolution of the Eye

Spatial Resolution of the Eye

Reso lutio n is related to  the amo unt o f detail that can be seen in an image

The greater the reso lutio n, then the greater the detail

A digital camera with a higher reso lutio n can take mo re detailed pho to s

A perso n with "better" eyesight can see things with mo re reso lutio n

Low and High-Resolut ion Images t aken wit h a Digit al Camera

A low-resolution image will appear blurry whereas a high-resolution image will be clear and contain lots

of details

Spatial Resolution

Spatial Reso lutio n is needed fo r the eye to  be able to  see so mething in detail

It is a measure o f the eye's ability to  fo rm separate images  o f o bjects that are clo se to gether

Thro ugh an eye that has po o r spatial reso lutio n, two  o bjects clo se to gether can lo o k like o ne

big o bject

Two Object s Viewed By an Eye wit h High and an Eye wit h Low Spat ial Resolut ion
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Two objects viewed with a low spatial resolution are seen as one big object but when viewed with a high

spatial resolution they are seen as two separate objects

The better the spatial reso lutio n the mo re detail that is seen in an image

An image o f a wall viewed with a higher spatial reso lutio n has mo re bricks visible than o ne

viewed with a lo wer spatial reso lutio n

A Brick Wall Viewed wit h a High and Low Spat ial Resolut ion

High spatial resolution means more detail can be seen in an image as the eye can form separate images of

each object making up the image

T he Role of Rods and Cones in Spatial Resolution

Small details in an image are best seen:

By the ro ds and co nes o n the f o vea in the centre o f visio n (and no t o n the periphery) in high-

intensity light levels

By the ro ds and co nes in the peripherals o f visio n in lo w-intensity light levels

Fo r two  details in an image o r two  o bjects to  be distinguished then:

The two  so urces  o f light must fall o n the retina
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So  that there is at least o ne unbleached ro d  and o ne unbleached co ne between them

In additio n, the ro d o r co ne between the light rays must no t share  an o ptic nerve  with any o f the

ro ds o r co nes detecting the light

If this is no t the case then the brain canno t reso lve the two  rays o f light and sees the o bjects /

details as o ne

Worked example

A perso n lo o ks at two  o bjects placed at di�erent distances apart. A grid o f squares represents

the image o f the o bjects o n the retina. Each white square represents a co ne, and each red square

represents a stimulated co ne detecting light. 

The co ne's representatio n o f the o bjects in di�erent o rientatio ns is sho wn in pictures 1 and 2

belo w.

Describe the arrangement o f the o bjects that wo uld be seen in each picture. 

Answer:

Picture 1:

The two  red squares are to o  clo se to gether / no t separated by a co ne

The two  o bjects must be interpreted as o ne big o bject by the brain

So , the o bjects are placed clo se to gether 

Picture 2:

The two  red squares are further apart / separated by a co ne

The two  o bjects are interpreted as two  separate o bjects by the brain

So , the o bjects are placed far eno ugh apart 
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10.1.6 Defects of Vision

Defects of Vision

Short-sightedness

Sho rt-sightedness is also  called myo pia

It happens when the lens is mo re curved than no rmal

So  the co rnea and lens are to o  po werful

Myo pia can also  o ccur if the eyeball is to o  lo ng

This means light rays are refracted to o  much so  the fo cal po int o f the image falls in fro nt o f the

retina (rather than o n it)

So  distant o bjects appear blurry as peo ple with sho rt-sightedness canno t fo cus o n distant

o bjects

Ray Diagram of  Short -Sight edness

An eye that is short-sighted has a wider lens with a larger focussing power so the light rays meet and form

an image in front of the retina and not on it

Treatment of Short-sightedness

Sho rt-sightedness can be co rrected using co ntact lenses o r glasses with a diverging (co ncave)

lens

The lens causes the light rays to  diverge  befo re reaching the eye

So  when they are fo cussed by the eye the image no w fo rms o n the retina

Remember fro m 10.1.1 Co nverging & Diverging Lenses that

Diverging lenses have a negative fo cal length and a negative po wer

A sho rt-sighted perso n can remo ve their glasses if they wish to  read o r view so mething clo se-up

because it is easy fo r them to  fo cus o n o bjects clo se to  the eye

T he E�ect  of  a Diverging Lens on a Short -sight ed Eye
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The diverging lens causes the rays to diverge before they reach the eye, so the image is formed on the

retina and not in front of it

 T he Far Point and Short-sightedness

Remember that a "no rmal-sighted" perso n has a f ar po int  at in�nity

A sho rt-sighted perso n, ho wever, has a f ar po int  that is less  than in�nity

So  cho o sing the co rrect diverging lens  depends o n the po sitio n o f the f ar po int fo r that perso n

The lens must have its principal f o cus  in the same po sitio n as the eye's f aulty f ar po int

A Ray Diagram Showing t he Far Point  of  t he Eye and t he Focal Lengt h of  t he Lens

The focal length of the correcting lens is the same as the principal focus at the uncorrected far point of the

eye
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Worked example

A sho rt-sighted perso n has a far po int o f 8 m. 

Calculate the po wer o f the lens needed to  co rrect their visio n. 

Answer:

Step 1: List the kno wn quantities

Remember that the fo cal length o f a diverging lens is negative

So , fo cal length, f = far po int = −8 m

Step 2: Recall the equatio n f o r po wer and f o cal length

P =
1
f

Step 3: Substitute the kno wn quantities

P =
1
−8

Step 4 : Calculate the po wer

P = −0.125 D (Dio ptres)

Long-sightedness

Lo ng-sightedness is also  called hypero pia

It happens when the lens is less curved  than no rmal o r the eyeball is to o  sho rt

So  the co rnea and lens are to o  weak

Hypero pia can also  o ccur if the eyeball is to o  sho rt

This means light rays are no t refracted eno ugh and so  the fo cal po int o f the image falls behind the

retina (rather than o n it)

So  clo se o bjects appear blurry because peo ple with lo ng-sightedness are unable to  fo cus

o n near o bjects

Ray Diagram of  Long-Sight edness
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An eye that is long-sighted has a narrower lens with a smaller focussing power so the light rays meet and

form an image behind the retina and not on it

Treatment of Long-sightedness

Lo ng-sightedness can be co rrected using co ntact lenses o r glasses with a co nverging (co nvex)

lens

The lens causes the light rays to  co nverge befo re reaching the eye

So  when they are fo cussed by the eye the image no w fo rms o n the retina

Remember fro m 10.1.1 Co nverging & Diverging Lenses that

Virtual images have a negative distance  to  the lens, v

But the lens has a po sitive po wer

A lo ng-sighted perso n may need to  wear glasses fo r reading but might remo ve them when driving

because they can easily fo cus o n o bjects far away fro m the eye

T he E�ect of a Diverging Lens on a Long-sighted Eye

The converging lens causes the rays to converge before they reach the eye, so the image is formed on the

retina and not behind it

T he Near Point and Long-Sightedness
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Remember that a "no rmal-sighted" perso n has a near po int at aro und 25 cm 

A lo ng-sighted perso n, ho wever, has a near po int which is further than this

So  cho o sing the co rrect co nverging lens depends upo n the po sitio n o f the near po int fo r that

perso n

The lens must pro duce a virtual image  o f o bjects that are 25 cm away at the eyes

unco rrected near po int

A Ray Diagram Showing the Uncorrected Near Point of an Objected at 25 cm

A virtual image of the object is formed at the uncorrected near point of the eye
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Worked example

A lo ng-sighted perso n has a near po int o f 6 m.

What po wer o f the lens is needed to  co rrect this? 

Answer:

Step 1: List the kno wn quantities

Image is a virtual image, so  image distance, v = −6 m

Object distance = "no rmal-sighted" fo cal po int, u = 25 cm = 0.25 m

Step 2: Recall the lens equatio n

1
f =

1
u +

1
v

Step 3: Substitute the kno wn quantities to  o btain a value f o r 
1
f

1
f =

1
0 .25 −

1
6

1
f =

23
6 = 3 .83

Step 4 : Recall the equatio n f o r po wer and f o cal length

P =
1
f

Step 5: State the po wer o f  the lens

P = 3.8 D
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Exam T ip

Remember the lens equatio ns yo u studied befo re also  apply in situatio ns with co rrecting lenses

fo r the eye. It is wo rth no ting that the space between the eye lens and the co rrecting lens do es

a�ect the o verall po wer o f the o ptical system but o nly by a small fractio n o f a dio ptre. 

Astigmatism

The shape o f the co rnea is o ften assumed to  be a perf ect sphere, like a tennis ball

Peo ple with astigmatism have eyes with irregularly shaped co rneas, like an egg o r a rugby ball

T he Di�erence Bet ween Perf ect  Spheres and Irregularly Shaped Corneas

The tennis ball represents a cornea that is a perfect sphere and non-astigmatic whereas the rugby ball

represents a cornea that is irregular and astigmatic

Peo ple with an irregularly shaped co rnea have di�erent f o cal lengths  fo r di�erent planes  o f

visio n

Fo r example, when vertical lines are in fo cus then ho riz o ntal lines might no t be

This is because light rays fro m each plane will co me to gether at a di�erent po int 

These planes o f visio n can o ccur at any angle

It depends o n the angle o f the curvature o f the co rnea

T he St ruct ure of  a Bridge Seen By Someone wit h Ast igmat ism and Someone Wit hout

Someone with astigmatism struggles to focus horizontal and vertical lines at the same time

Comparison of  Light  Rays Brought  Toget her f or Ast igmat ic and Non-Ast igmat ic Eyes
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In an eye with a spherically shaped cornea, the light rays come to the same point of focus at the retina. In

an astigmatic eye, the light rays come together at di�erent points of focus. 

Worked example

An eye test sho ws that a perso n su�ers fro m astigmatism. 

(a) State the main cause o f astigmatism.

(b) State the e�ect o f astigmatism o n the image seen. 

Answer:

(a) T he main cause o f  astigmatism is:

An irregularly shaped / no n-spherical co rnea

(b) T he e�ect o f  an astigmatism o n the image seen:

One plane o f visio n is in fo cus but the plane perpendicular / at 90° to  it is o ut o f fo cus

Exam T ip

These questio ns are co mmo n easy mark exam questio ns o n the basics o f astigmatism. Read

them carefully tho ugh!

"Cause" means why so meo ne might have an astigmatism, it is no t asking what an astigmatism

is. 

Be speci�c  abo ut the e�ect o n the image seen, again the questio n is no t asking what

astigmatism is.
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Astigmatism & Prescriptions

Correcting for an Astigmatism

Astigmatism can be co rrected with a cylindrical lens  that adds po wer to  rays o f light co ming

fro m o ne plane but no t the plane perpendicular to  it

An Example of  a Cylindrical Lens Adding Power t o One Plane of  Light

The cylindrical lens brings light rays in the horizontal plane to a focus but does not a�ect the light rays in

the perpendicular vertical plane

There are many di�erent co mbinatio ns o f astigmatism

A few examples are:

One plane is sho rt-sighted and the o ther lo ng-sighted

One plane has co rrect visio n and the is o ther lo ng-sighted

Bo th planes are sho rt-sighted by di�erent amo unts

The cylindrical po wer (CYL) o f the astigmatism is related to  the di�erence in po wer between the

two  po ints o f fo cus o f the two  planes o f light

The greater the di�erence then the greater the astigmatism 

The smaller the di�erence then the smaller the astigmatism

It is measured in Dio ptres (D)

T he Cylindrical Power of  t he Ast igmat ism
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The di�erence between the points of focus for the two planes of light is related to the cylindrical power

of the astigmatism

The astigmatism can be present at any angle o n the curvature o f the eye kno wn as the angle o f

astigmatism 

This is measured in the same way as if a pro tracto r is placed against the fro nt o f the eye

It is an angle measured fro m the left-hand side o f the pro tracto r between 0° and 180°

Angle of  Ast igmat ism

The axis of astigmatism in the eye is found using the angle of the plane of the curved area of the eye. It is

the curved area of the cornea that causes astigmatism. In this example, it is 155°.

Prescription for Astigmatism

The prescriptio n fo r the cylindrical lens  to  co rrect astigmatism will state the fo llo wing three

pieces o f info rmatio n fo r each eye:

�. The sphere (SPH) - The f o cal po wer needed to  co rrect fo r either lo ng o r sho rt-sightedness

�. The cylinder (CYL) - The cylindrical po wer needed to  co rrect fo r the astigmatism

�. The axis angle  - This is the angle needed by the lens to  co rrect fo r astigmatism

An Example Ast igmat ism Prescript ion
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The astigmatism prescription shows the sphere focal power, cylindrical power and axis angle

In yo ur exam, yo u may be asked to  calculate  the po wer o f the lens needed in a prescriptio n

This is calculated fo r each eye by subtracting CYL fro m SPH

Fo r example, in the image fo r the left eye this is +2.50 − 1.00 = 1.50 D

In the right eye this is +1.75 − 1.50 = 0.25 D

Remember that o ne o r bo th o f the SPH and CYL values can be negative depending o n the visio n

defect

So , yo u may need to  subtract a negative po wer

e.g. +1.50 − − 0.50 = 1.50 + 0.50 = 2.00 D

It is impo rtant to  no te that the angle o f astigmatism and the axis angle  fo r the prescriptio n are

perpendicular to  each o ther

A curved area o n the co rnea at a speci�c angle causes astigmatism 

This is co rrected by an equally curved area in the co rrecting lens  placed perpendicular to  it 

Angle of  Ast igmat ism vs Axis Angle f or Prescript ion
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The diagram shows that the axis angle for the correcting lens must be perpendicular to the angle of

astigmatism. The angle of astigmatism in this example is 155°, so the axis angle is 155 − 90 = 65°
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Worked example

A patient has the prescriptio n sho wn belo w.

Explain the fo llo wing info rmatio n:

The type o f visio n the prescriptio n is co rrecting

The po wer and angle o f the lens required to  co rrect the visio n

Answer:

Step 1: Identif y the type o f  visio n the prescriptio n is co rrecting

The patient is lo ng-sighted because the po wers o f the co rrecting lenses fo r bo th eyes are

po sitive

Step 2: Determine whether the patient has an astigmatism

The patient has astigmatism because there is info rmatio n in the "cylinder" and "axis" co lumns

o f the prescriptio n

Step 3: Explain the type o f  co rrecting lens needed f o r the astigmatism

In the right eye, the patient has astigmatism o f 1.00 −− 0.50 = 1.50 at an angle o f 15° to  the left

side ho riz o ntal

In the left eye, the patient has astigmatism o f 1.50 −− 1.00 = 2.50 at an angle o f 150° to  the left

side ho riz o ntal

Exam T ip

Yo u will no t be required to  draw any ray diagrams sho wing o r co rrecting fo r an astigmatism but

yo u do  need to  understand the co mplexities o f fo cussing and no t fo cussing light fro m di�erent

planes o f visio n and be able to  interpret di�erent types o f prescriptio n. 
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