
Refraction
• Sudden change in direction of a wave as it changes 

speed.
• It must enter obliquely to change direction!

Sudden change in direction of a wave as it changes 

It must enter obliquely to change direction!



Refraction at plane surfaces
• In both cases the speed of the wave has decreased. 

This is indicated by the decrease in wavelength! 

at plane surfaces
In both cases the speed of the wave has decreased. 
This is indicated by the decrease in wavelength! 



Refraction
• In which medium does light travel faster? (glass rod 

appears bent)
In which medium does light travel faster? (glass rod 



Absolute Refractive Index of a medium

n is the absolute index of 
refraction. This is a refraction. This is a 
measure of optical 
density. n is defined as 
the ratio of the speed of 
light in air (and vacuum) 
to the speed of light in a 
new medium.

Absolute Refractive Index of a medium

• v is the speed of light in the 
new medium.

• c= 3.0 x 108 m/s

• As the index increases the 
speed decrease.

• Note: n(air) = 1.0



Relative Refractive Index

• When light travels from medium 1 of 
absolute refractive index n1 to 
medium 2 of absolute refractive index 
n2, then relative refractive index from 
medium 1 to medium2 is given by:medium 1 to medium2 is given by:
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Relative Refractive Index

When light travels from medium 1 of 
to 

medium 2 of absolute refractive index 
, then relative refractive index from 

medium 1 to medium2 is given by:

 If If nnrelrel < 1 ; < 1 ; 
speeds upspeeds up

 If If nnrelrel > 1 ;> 1 ;
slows downslows downmedium 1 to medium2 is given by: slows downslows down



Refraction at Plane Surfaces: Snell’s Law

Laws of Refraction
1. The incident ray, the normal and the refracted ray all lie 

in the same plane.
2. For two particular media, the ratio of the sine of the 2. For two particular media, the ratio of the sine of the 

angle of incidence to the sine of the 
is a constant, i.e.

= n2

The second law of refraction is also known as Snell’s Law.

s in  i
 =  co n s ta n t

s in  r

Snell’s Law

The incident ray, the normal and the refracted ray all lie 

For two particular media, the ratio of the sine of the For two particular media, the ratio of the sine of the 
the angle of refraction 

2/n1 = v1/v2 = λ1/ λ2

The second law of refraction is also known as Snell’s Law.



Snell’s Law of Refraction (
constant)

When a wave slows down it bends closer to the normal.{n
When a wave speeds up it bends away from the normal. {n

Snell’s Law of Refraction (nksinθk = 

When a wave slows down it bends closer to the normal.{n2>n1}
When a wave speeds up it bends away from the normal. {n2<n1}



Refraction Through Multiple Layers

θ1

θ2 θ2

θ3 θθ3 θ3

θ4

Refraction Through Multiple Layers

Med1

Med2

Snell’s Law applies as follows:
n1sinθ1 = n2sinθ2 = n3sinθ3 

n4sinθ4 ------
nksinθk = constant
It implies that if light travels 

θ4

Med3

Med4

It implies that if light travels 
from medium 1 to (say) 
medium 4 through 2 and 3, 
refraction through j occurs 
as if light travels directly 
from Medium 1 to j.



Exercise

nn(water)(water)=1.33; n=1.33; n(glass)(glass)=1.50; n=1.50; n

Answer
Vw = 2.26 x 108m/s
Vg = 2.00 x 108m/s

Calculate Calculate the the 
speed of light in speed of light in 

=1.50; n=1.50; n(air)(air)=1.00=1.00

speed of light in speed of light in 
water and glass.water and glass.



Refraction
• If light rays bend closer to the normal when slowing 

down, why does the glass rod seem to bend away 
from the normal?

If light rays bend closer to the normal when slowing 
down, why does the glass rod seem to bend away 



Refractive  index in terms of Apparent and Real Depth

R – Real Depth

A – Apparent Depth

Refractive  index in terms of Apparent and Real Depth

Answer 
• It is rays from the rod 

inside the water that 
enter your eyes.

• A virtual image appears 
to come from point y



Apparent Depth

• If the chest is 20 m below the surface at what depth 
will the image appear? Assume n
If the chest is 20 m below the surface at what depth 
will the image appear? Assume nsea water = 1.34



Exercises

1. A monochromatic light ray f= 5.09 x 10
incident on medium X at 55˚. The absolute index of 
refraction for material X is 1.66

a) Determine a) Determine 
of refraction.of refraction.
b) Determine b) Determine 
speed of light in speed of light in 
medium X.medium X.

1. A monochromatic light ray f= 5.09 x 1014 Hz is 
incident on medium X at 55˚. The absolute index of 

a) Determine a) Determine the angle the angle 
of refraction.of refraction.
b) Determine b) Determine the the 
speed of light in speed of light in 
medium X.medium X.



Hint:

1. use 1. use 

2. 2. 

1. use 1. use Snell’s Snell’s Law toLaw to
obtain obtain θθ22= 30˚= 30˚

2. 2. use use n=c/v to obtainn=c/v to obtain
v = 1.8 x 10v = 1.8 x 108 8 m/sm/s



Exercises (contd)

2. A glass block (n=1.52) is placed inside water contained in a basin. A 
layer of oil (n=1.44) is poured on the water surface.. A ray of light 
strikes the oil surface at an angle of incidence of 38
Calculate the angle of refraction at the water glass interface (Calculate the angle of refraction at the water glass interface (
1.00)  

Hint. Use Snell’s law to obtain θglass

2. A glass block (n=1.52) is placed inside water contained in a basin. A 
layer of oil (n=1.44) is poured on the water surface.. A ray of light 
strikes the oil surface at an angle of incidence of 38o

Calculate the angle of refraction at the water glass interface (n(air) = Calculate the angle of refraction at the water glass interface (n(air) = 

glass = 23.9o



REFLECTION FROM CURVED
SURFACESSURFACES
REFLECTION FROM CURVED



Concave MirrorsConcave Mirrors

•Curves inward
•May be real or virtual image

Concave MirrorsConcave Mirrors

May be real or virtual image

82a425d700



Curved mirrors
• When the mirror isn’t flat!

• light still follows the same rules, with 

• Parabolic mirrors have exact focus
• used in telescopes, backyard satellite dishes, etc.
• also forms virtual image

• Concave (converging mirror)

light still follows the same rules, with local surface normal

Parabolic mirrors have exact focus
used in telescopes, backyard satellite dishes, etc.



Convex (Diverging)

•Curves outward
•Reduces images
•Virtual images•Virtual images

•Use:  Rear view mirrors, store 
security…

(Diverging) Mirror

Curves outward
Reduces images

Use:  Rear view mirrors, store 



F C



Image formation by convex mirrorsImage formation by convex mirrors



O

For all positions of object, the image is 
virtual, erect, diminished and located 
between the pole of the mirror and its 
virtual focus.

cI

For all positions of object, the image is 
and located 

between the pole of the mirror and its 

f



For a real object between f and the mirror, a 
virtual image is formed behind the mirror. The 
image is upright and larger than the object. 

For a real object between f and the mirror, a 
virtual image is formed behind the mirror. The 
image is upright and larger than the object. 



For a real object between C and f, a real image 
is formed outside of C. The image is inverted 
and larger than the object.

For a real object between C and f, a real image 
is formed outside of C. The image is inverted 
and larger than the object.



For a real object at C, the real image is 
formed at C. The image is inverted and the 
same size as the object.

For a real object at C, the real image is 
formed at C. The image is inverted and the 
same size as the object.



For a real object close to the mirror but outside of the 
center of curvature, the real image is formed between C 
and f. The image is inverted and smaller than the object.

For a real object close to the mirror but outside of the 
center of curvature, the real image is formed between C 
and f. The image is inverted and smaller than the object.



What size image is formed if the
real object is placed at the focal
point f?

For a real object at f, no image is formed. The 
reflected rays are parallel and never converge.

What size image is formed if the
real object is placed at the focal

For a real object at f, no image is formed. The 
reflected rays are parallel and never converge.



Mirror formula: (Real is positive
convention)

u = object distance   (+ve )

fvu
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u = object distance   (+ve )
v = image distance   (+ve for real image and 
f = focal length          (+ve for concave mirror and 

Definition of term: 
Linear magnification, m = height of image/height of object

= image distance/object distance = v/u

Mirror formula: (Real is positive

for real image and –ve for virtual image)
for concave mirror and –ve for convex mirror)

Linear magnification, m = height of image/height of object
= image distance/object distance = v/u



Worked example
Where should an object be placed along the principal axis of a 
converging mirror of radius of curvature 30 cm such that its virtual 
image is 3 times its size

Solution
Magnification = 3 = | v/u| ; |v |= 3u
f  = +15 cm    (converging mirror)f  = +15 cm    (converging mirror)
u = ?    (must be +ve)
v  = -ve = -3u     (real image)

Applying mirror’s formula, we have:
1/u – 1/3u =1/15
u = 10 cm

Where should an object be placed along the principal axis of a 
converging mirror of radius of curvature 30 cm such that its virtual 

Magnification = 3 = | v/u| ; |v |= 3u

Applying mirror’s formula, we have:



Lenses



Converging LensConverging Lens



Rules For Converging Lenses

1) Any incident ray traveling parallel to the 
principal axis of a converging lens will refract 
through the lens and travel through the focal 
point on the opposite side of the lens. 

2) Any incident ray traveling through the focal point 
on the way to the lens will refract through the on the way to the lens will refract through the 
lens and travel parallel to the principal axis. 

3) An incident ray which passes through the center 
of the lens will in effect continue in the same 
direction that it had when it entered the lens. 

Rules For Converging Lenses

Any incident ray traveling parallel to the 
principal axis of a converging lens will refract 
through the lens and travel through the focal 
point on the opposite side of the lens. 
Any incident ray traveling through the focal point 
on the way to the lens will refract through the on the way to the lens will refract through the 
lens and travel parallel to the principal axis. 
An incident ray which passes through the center 
of the lens will in effect continue in the same 
direction that it had when it entered the lens. 



Image Formation by Converging
Lens
Image Formation by Converging



Diverging Lens



Rules For Diverging Lenses
1) Any incident ray traveling parallel to the 

principal axis of a diverging lens will refract 
through the lens and travel in line with the focal 
point (i.e., in a direction such that its extension 
will pass through the focal point). 

2) Any incident ray traveling towards the focal 2) Any incident ray traveling towards the focal 
point on the way to the lens will refract through 
the lens and travel parallel to the principal axis. 

3) An incident ray which passes through the center 
of the lens will in effect continue in the same 
direction that it had when it entered the lens. 

Rules For Diverging Lenses
Any incident ray traveling parallel to the 
principal axis of a diverging lens will refract 
through the lens and travel in line with the focal 
point (i.e., in a direction such that its extension 
will pass through the focal point). 
Any incident ray traveling towards the focal Any incident ray traveling towards the focal 
point on the way to the lens will refract through 
the lens and travel parallel to the principal axis. 
An incident ray which passes through the center 
of the lens will in effect continue in the same 
direction that it had when it entered the lens. 



Diverging Lens Image
Formation

Always Virtual, Smaller, and Right

Diverging Lens Image

Always Virtual, Smaller, and Right-Side Up



Lens formula: (Real is positive
convention)

u = object distance   (+ve )

fvu

111


u = object distance   (+ve )
v = image distance   (+ve for real image and 
f = focal length          (+ve for convex lens and 

Note: This formula is applicable to thin lenses only. For thin lenses, 
the thickness is far less than the focal length

Lens formula: (Real is positive

for real image and –ve for virtual image)
for convex lens and –ve for concave lens)

Note: This formula is applicable to thin lenses only. For thin lenses, 
the thickness is far less than the focal length



Lens maker’s formula

Definition of term:
Lens power = 1/f  , unit is dioptre (D)
The lens maker’s formula for  a thin lens in air medium
1/f = (n-1) (1/R +1/R ) 1/f = (n-1) (1/R1 +1/R2) 
n= refractive index of the material of the lens
R1 and R2 = radii of curvature of the front and rear surfaces of the 
lens

Lens maker’s formula

Lens power = 1/f  , unit is dioptre (D)
The lens maker’s formula for  a thin lens in air medium

n= refractive index of the material of the lens
R1 and R2 = radii of curvature of the front and rear surfaces of the 



The Human EyeThe Human Eye



The Human EyeThe Human Eye



Normal Eye FocusNormal Eye Focus



short-sightedness (Myopia)
distant objects.

Corrected with diverging (concave) lens

sightedness (Myopia):inability to see

Corrected with diverging (concave) lens



long-sightedness (hypermetropia):
to see close objects.

Corrected with convex (converging) lens

sightedness (hypermetropia): inability

Corrected with convex (converging) lens



Astigmatism
• Cornea is oval shaped instead of spherical.  This 

causes light to focus on two or more spots.
Cornea is oval shaped instead of spherical.  This 
causes light to focus on two or more spots.


