
Refraction
Unit 9 Lesson 4



Refraction
Students will be able to:

• Describe the refraction of light
• Explain why light is refracted as it passes through different media.
• Differentiate converging and diverging lenses
• Describe the image formed by converging and diverging lenses as a 

result of light refraction
• Draw a ray diagram showing the refraction of light in lenses
• Enumerate common applications of various lenses.

Key Vocabulary:
Refractive Index, Refractive Ray, Angle of Refraction, Converging Lens, 

Diverging Lens, Principal Axis, Focus, Focal Length



Refraction



This is due to the refraction
of light.

Have you ever wondered 
why the stalk of the plant 
appears to be distorted 
when submerged in water?



Refraction

• Refraction occurs due to the 
differences in density between two 
media.

• Light travels through different 
materials at different speeds.

• This change in speed causes light to 
bend.

A pencil in water appears to be 
broken due to refraction.



Refraction

• When waves are refracted, they 
change their speed as they pass 
across the boundary between two 
media.

• This results in their change in 
direction, known as refraction.

A pencil in water appears to be 
broken due to refraction.



Refraction
• There are different factors  that 

may affect change in the direction 
of light.

• The substance’s optical density or 
refractive index (index of 
refraction) is a dimensionless 
number that describes how fast 
light travels through a material.



Refraction
• Refractive index is dependent 

on the nature of the substance. 
• The change in the refractive 

index also results in the change 
in the speed of light.

• The greater the refractive 
index of the substance, the 
greater the light’s refraction.



Refraction
Light travels at a speed of approximately 3.0 x 108 m/s in a 
vacuum.



Refraction
Refractive index 
measures how much 
light decreases in 
speed when it passes 
through a medium. 
The denser the 
material is, the 
higher refractive 
index it has.



Refraction

A diamond has a very high index 
of refraction. When light rays 

pass through it, they bend 
enormously. They even reflect 

backwards and upwards, rather 
than passing out of the diamond 

into air. This is the reason why 
diamonds appear to sparkle.



Refraction
• The angles of incidence and 

refraction are measured relative to 
the normal line where the ray 
passes from one material to 
another.

• The image shows an incident light 
passing at an angle with respect to 
the normal and goes through the 
medium.



Refraction
• The incident ray is the ray that 

strikes the surface of the medium.
• The angle of incidence (i) is the 

angle from the incident ray to an 
imaginary line perpendicular to 
the boundary called normal line.



Refraction
• The refracted ray is the ray that 

passes through an interface 
between two media and travels 
into the other side of the 
interface.

• The angle of refraction (r) is the 
angle that the refracted ray makes 
with respect to the normal line.



Refraction
Here are some explanations on how light bends as it passes 
through different medium.

Light that moves at an angle 
from a less dense medium to 
a denser medium bends
toward the normal.



Refraction

Light that moves at an angle 
from a denser medium to a 
less dense medium bends 
away from the normal.



Refraction

Light that moves straight 
from one medium to another 
does not bend. It is not 
refracted.



Comprehension check…

Refraction

Identify what is being 
described in each 

statement.

It is the bending of light due to the 
differences in density between two media.

It is a dimensionless number that describes 
how fast light travels through a material. 

This is the imaginary line perpendicular to 
the boundary.

It is the angle formed between the incident 
ray  and the normal.

This angle is formed between the refracted 
ray and the normal.



Comprehension check…
Answers

Refraction

Identify what is being 
described in each 

statement.

It is the bending of light due to the 
differences in density between two media.

It is a dimensionless number that describes 
how fast light travels through a material. 

This is the imaginary line perpendicular to 
the boundary.

It is the angle formed between the incident 
ray  and the normal.

This angle is formed between the refracted 
ray and the normal.

Refraction

Refractive index

Normal line

Angle of incidence

Angle of refraction



Light Interaction 
with Different 
Types of Lenses



Refraction

• A lens is a piece of glass or other 
transparent material that is used 
to form an image of an object by 
focusing rays of light by means of 
refraction.

• It is usually circular in shape, with 
two polished surfaces, either or 
both of which is curved.

The two main types of lens are converging 
and diverging.



Refraction

• A converging lens bulges at 
the middle and thins at the 
edges.

• It is also called convex lens.
• The different types of 

converging lenses are 
biconvex, plano-convex, and 
meniscus convex.Different types of converging lenses



Refraction
• A lens is biconvex if both 

surfaces are convex.
• If one of the surfaces is flat, 

but the other is convex, it is 
known as plano-convex.

• A meniscus convex has two 
spherical curved surfaces –
one convex and one 
concave. 

Different types of converging lenses



Refraction

It focuses parallel light rays from infinity to a single converging 
point known as the focal point or focus.



Refraction

• A diverging lens is thin at the 
middle and bulk at the edges. 

• It is also called concave lens.
• The different types of 

diverging lenses are 
biconcave, plano-concave, 
and meniscus concave.

Different types of converging lenses



Refraction
• A lens is biconcave (double 

concave) if both surfaces are 
concave.

• If one of the surfaces is flat, but 
the other is concave, it is known 
as plano-concave.

• A meniscus concave has two 
spherical curved surfaces one 
concave and one convex. Different types of converging lenses



Refraction

It deflects parallel light rays away from each other, making it 
appear as if they diverge from the focal point.



Comprehension check…

Refraction

Answer  each of the 
following questions.

What is a lens?

In terms of appearance, will you 
differentiate concave and convex lenses?

What happens to light rays as they pass 
through concave and convex lenses?



Comprehension check…
Answers

Refraction

Answer  each of the 
following questions.

What is a lens? A lens is a piece of glass 
that is used to form an image of an 
object by focusing rays of light by means 
of refraction.

In terms of appearance, will you 
differentiate concave and convex lenses?

What happens to light rays as they pass 
through concave and convex lenses?

A converging lens bulges at the middle 
and thins at the edges. A diverging lens is 
thin at the middle and bulk at the edges.

Light rays converge as they pass through 
convex lenses and diverge as they pass 
through concave lenses.



Refraction

Whenever light interacts 
with lenses, images are 

formed too.

The images formed by 
light’s interaction with lens 

can be real or virtual.



Refraction
• In optics, an image refers to 

the collection of focus points 
of light rays coming from an 
object.

• A real image is the collection 
of focus points made by 
converging rays, while a 
virtual image is the collection 
of focus points made by 
extensions of diverging rays.



Refraction

• In order to understand how 
images are formed when light 
interacts with lenses, it is 
necessary to be familiar with the 
following terms:
– Principal axis
– Focal point
– Focal length

Anatomy of Convex and Concave Lenses



Refraction

• If a symmetrical lens is viewed as 
half of the sphere, then there 
would be a line that passes 
through the center of the sphere. 

• This imaginary line at the exact 
center of the lens is known as the 
principal axis. 

Anatomy of Convex and Concave Lenses



Refraction

• Light rays travelling towards 
either face of the lens are parallel 
to the principal axis and will 
either converge or diverge. 

• If the light rays pass through a 
converging lens, the right rays 
converge to a point. This point is 
known as the focal point.

Anatomy of Convex and Concave Lenses



Refraction
• If the light rays pass through a 

diverging lens, the focal point can 
be traced backwards by identifying 
the intersection point of diverging 
rays.

• In diagrams, the focal point is often 
denoted with the letter F.

• Note that each lens has two focal 
points — one on each side.

Anatomy of Convex and Concave Lenses



Refraction

• Unlike mirrors, lenses can allow 
light to pass through either face, 
depending on where the incident 
rays are coming from.

• The distance from the lens to the 
focal point is known as the focal 
length (f).

Anatomy of Convex and Concave Lenses



Refraction

• A lens also does have an 
imaginary point that is 
referred to as the 2F point.

• It is the point on the 
principal axis that is twice 
as far from the vertical axis 
as the focal point is.Anatomy of Convex Lens



Refraction
Converging lenses can 
produce both real and 

virtual images. 

The kind of image 
produced by a converging 

lens depends on the 
distance of the object to 

the lens.
Image formation in convex lens



Refraction
• If the object is located at 

a distance of at least 2F 
from the lens, the image 
is inverted and smaller 
than the object.

• The image formed is real
since light rays converge 
at the image location. Image formation in convex lens



Refraction
• If the object is inside 

the focus of the lens, a 
virtual, upright and 
enlarged image will be 
formed.

• The closer the object is 
to the lens; the bigger 
image is formed. Image formation in convex lens



Refraction
• A concave lens always 

gives a virtual, upright, 
and smaller image, 
regardless of the position 
of the object.

• The image formed is 
virtual since light rays 
diverge at the image 
location.

Image formation in concave lens



Comprehension check…

Refraction

Answer  each of the 
following questions.

How will you describe the image formed 
when light interacts with convex lenses?

In convex lenses, what is the relationship 
of the distance of the object from the lens 
and the image it forms?

Why do concave lenses never produce 
real images?



Refraction How will you describe the image formed 
when light interacts with convex lenses?

In convex lenses, what is the 
relationship of the distance of the 
object from the lens and the image it 
forms?

Why do concave lenses never produce 
real images?

Comprehension check…
Answers

Answer  each of the 
following questions.

If the object is located out of focus of the lens, 
the image formed is real. If the object is located 
inside the focus of the lens, the image formed 
is virtual.

The closer the object is to the lens; the 
bigger image is formed.

Because light rays diverge at the image 
location. 



Ray 
Diagramming 
Techniques



Refraction
• The image formed by a 

converging or a diverging 
lens can be predicted 
using a ray diagram. 

• It is a representation of 
the possible paths that 
light can take to get from 
one place to another.



Refraction
To draw a ray diagram for converging lens, follow these steps:
1. Draw a simple outline of a converging lens and a horizontal 

axis passing through the middle of it. This horizontal line is 
called the principal axis.



Refraction
2. Mark the positions of the focuses F, with equal distances 

from the lens on both sides. The object is drawn as an 
arrow in order to make its vertical orientation obvious.



Refraction
3. Draw the first ray that is parallel to the axis from the top of 

the object to the les and refracted down towards the focal 
point. This is known as the principal ray.



Refraction
4. Draw the second ray which passes through the focal point 

to the lens. This ray is then refracted through the lens in a 
direction parallel to the principal axis. This is known as the 
focal ray.



Refraction
5. Draw the third ray from the top of the arrow (the object) 

through the middle of the lens without refraction. This is 
known as the central ray.



Refraction
6. The image is formed at the point where the three rays 

intersect. This is the position of the top of the image.



Refraction
To draw a ray diagram for diverging lens, follow these steps:

1. Draw the diverging lens and 
principal axis for the ray 
diagram. The first ray is 
parallel to the principal axis 
of the diverging lens. This 
will then refract through the 
lens and travel in line with 
the focal point.



Refraction
2. The focal ray passes towards 

the focus at the opposite 
side and will refract through 
the lens. This will then travel 
parallel to the principal axis. 
An imaginary ray refracts 
and travels parallel to the 
principal axis back to the 
side of the object.



Refraction
3. The third ray passes through 

the center of the lens is not 
refracted, this is the central 
ray. It directly passes 
through the center without 
being bent.



Refraction

4. The intersection of the 
extensions of the rays 
determines the location 
and characteristics of the 
image formed by the 
diverging lens.



Applications 
of Lenses



Refraction

Magnifying glass has a 
convex lens that is used to 

magnify an object.



Refraction Concave lenses are used 
on flashlights to magnify 
the light produced by the 

bulb.

When the light falls on the 
concave side of the lens, 
the rays diverge on the 

other side, resulting in a 
wider beam.



Refraction
Small concave lenses 
are used to widen a 

laser beam to 
precisely access a 

specific area.



Refraction
Peepholes use one or 
more concave lenses 

to provide a 
panoramic view of 

objects outside 
doors.



Refraction Opticians use convex and 
concave lenses in making 

corrective eyeglasses.

Concave lenses are used 
in eyeglasses that correct 

nearsightedness while 
convex lenses are used in 
eyeglasses for correcting 

farsightedness.



Refraction Binoculars and 
telescopes employ 
convex lenses  to 

magnify objects but 
also use concave lenses 

on or before the 
eyepieces to help focus 
images more clearly for 

the viewer.



Refraction A film camera uses both 
convex and concave 

lenses. 

The convex lens focuses 
light onto the film. When 

you focus the camera, you 
adjust the distance 

between the lens and the 
film depending on the 
position of the object.



Refraction The focused image 
through a single convex 

lens is slightly distorted or 
blurred due to lens 

aberration. 

Combining convex and 
concave lenses eliminates 

this undesirable effect.



Comprehension check…

Refraction

Answer  each of the 
following questions.

What  is common among the optical 
devices that use lenses?

Why do some optical devices combine the 
use of convex and concave lenses?

What kind of lens do compound 
microscopes have? What made you say 
so?



Refraction

Answer  each of the 
following questions.

What  is common among the optical 
devices that use lenses?

Why do some optical devices combine the 
use of convex and concave lenses?

What kind of lens do compound 
microscopes have? What made you say 
so?

Comprehension check…
Answers

Optical devices use lenses in order to magnify 
an object and focus the light on it.

Single convex lens may magnify an object, but 
it results in aberrations. To correct this, concave 
lenses are added to the device to have a more 
focused viewing.

Similar to binoculars and telescopes, 
microscopes use a combination of 
convex and concave lenses.


