Physics 1C
Lecture 25A

Law of Reflection
We define a normal (perpendicular line to the surface) at
the point where the incident ray hits the surface.
!

The incident angle, θ1, is the angle that the incident ray
makes with respect to the normal.
!

The reflected angle, θʼ1, is the angle that the reflected
ray makes with respect to the normal.
!

The angle of incidence
is equal to the angle of
reflection.
!

Refraction of Light

Also, when an incident ray of light in a medium
encounters a boundary with a second medium, part
of this incident ray may enter the second medium.
!

The ray that enters the
second medium is bent at the
boundary.
!

This bending of the ray is
called refraction.
!

The incident ray, the
reflected ray, the refracted
ray, and the normal all lie in
the same plane.
!

!

Refraction
of
Light
For example, letʼs look at red laser light incident

upon a block of lucite. Ray 1 is called the incident
ray
! Ray 2 is the reflected ray from the air/
lucite boundary.
! Ray 3 is refracted
into the lucite.
Ray 4 is the
reflected ray from
the bottom lucite
boundary.
!

Ray 5 is refracted
into the air.
!

Refraction of Light

When light passes from one medium to another, it is
refracted because the speed of light is different in
the two media.
!

The index of refraction, n, of a medium can be
defined:
!

n is a unitless ratio (n is not necessarily an integer
in this context!)
!

!

For a vacuum, n=1 (exactly).

!

For all other media, n>1.

Frequency Between Media

As light travels from one medium to another, its
frequency does not change.
!

Both the wave speed
and the wavelength do
change.
!

The wavefronts do not
pile up, nor are created
nor destroyed at the
boundary, so the
frequency must stay the
same.
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Refraction of Light
The angle of refraction depends upon the material
(by index of refraction) and the angle of incidence:
!

n1 sin "1 = n 2 sin " 2
where θ1 is the angle of
incidence (30o in the diagram).
!

!

θ2 is the angle of refraction.

n1, n2 are the indices of
refraction of the first and
second media, respectively.
!

Snellʼs Law

For example, for this specific case (air to glass
with an incident angle of 30.0o):
!

n1 sin "1 = n 2 sin " 2
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Refraction of Light

We calculated the angle of refraction going from air
to glass.
!

What if instead of going from air to glass with an
incident angle of 30o, it went from glass to air with
the incident angle 60o :
!
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" 2 = sin (1.32) = ?????

!

Here the angle increased (slow to fast).

!

It is possible for
! the angle in air to not exist.

!

This means that the light is reflected internally.

Total Internal Reflection
!

This is known as Total Internal Reflection (TIR).

It can only occur if you move from a slow medium to a
fast medium such that the refracted ray is bent away from
the normal compared to the incident ray.
!

Here you can see light
ray 5 undergoing total
internal reflection.
!

This means that at angle
that light ray 5 hits at, no
light enters the second
medium.
!

Total Internal Reflection

We define the critical angle as a particular angle of
incidence that will result in an angle of refraction of
90o.
!

For angles of incidence
greater than the critical
angle, the beam is
entirely reflected at the
boundary (TIR).
!

Mirages
!

Mirages occur because of total internal reflection (TIR).

!

Hot air is less dense than cool air.

!

The less dense hot air has a small index of refraction.

!

The more dense cool air has a higher index of refraction.

TIR happens for
light in cool air (slow)
off of hot air (fast).
!

Fata Morgana

!
!

Prisms

Example
An incident ray in air is headed straight towards
an equilateral plastic prism (n = 1.50). The ray is
parallel to the bottom of the prism. Use Snellʼs
Law to find the angle (with respect to the
normal) that the light ray exits the prism on the
right.

Answer
! The diagram is given but it is up to you to draw the normal
(s) and path of the ray.
!

!
!

Prisms

Answer

" 2 = 19.47°

Start with:
30o
60o
!

θ2

60o
Thus, the incident angle is 30o from air to plastic. Using
Snellʼs Law we find:
!

n1 sin "1 = n 2 sin " 2
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Prisms

Answer
! Now, we need to look at the
second boundary.
! We can now examine the
small top triangle created by
the ray in the prism.
! The bottom left angle on this
triangle will be:
!

70.53o

49.47o
60o
θ2

90° "19.47° = 70.53°

This means that the bottom right angle of the triangle will
be:
!

180° " 70.53° " 60° = 49.47°

!

Answer

Prisms
49.47o

Is the 49.47o, the angle we
will use in Snellʼs Law?
! No, it is not with respect to
the normal.
" 3 = 40.53°
! We draw the normal and find:
!

60o
θ3

90° " 49.47° = 40.53°
!

At the second boundary, will this ray be refracted or
totally internally reflected?
!

!

Check by calculating the critical angle.
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refracted,
barely
!

" c = 41.81°

!

Prisms

Answer

Now we need to calculate the
outgoing ray with Snellʼs Law
again:
!

" 3 = 40.53°
θ3

n 2 sin " 3 = n1 sin " 4
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" 4 = 77.10°

This is the outgoing angle with
respect to the normal
!

θ4

!

Prisms

Answer

Overall, this incident ray will be pushed downward
compared to its original direction.
! Donʼt forget your geometry when dealing with prisms and
Snellʼs Law.
!

θ1+θ2 =
180o
!

θ1+θ2 =
90o
!

θ1+θ2+θ3=18
0o
!

Concept Question
!

In the prism example we just performed, a light ray was
deflected downward when it moved through a prism when
the pointy side was up. If you inverted the prism (so the
pointy side was down) how would the direction of the
incident ray change after passing completely through the
front and back sides of the prism?

A) The light ray would still be deflected
downward.
!

B) The light ray would now be deflected
upward.
!

C) The light ray would not be deflected
(it would move in the same direction that
it had originally).
!

Dispersion

!

!
!

!

The index of refraction in anything except a
vacuum depends on the wavelength of the light.
The dependence of n on λ is called dispersion.
Snellʼs Law indicates that the angle of
refraction made when light enters a material
depends on the wavelength of the light.
The index of
refraction for a
material usually
decreases with
increasing
wavelength.

Dispersion

!

!

!

!

!

This means that violet light refracts more than
red light when passing from air into a material.
The amount the ray is bent away from its original
direction is called the angle of deviation, δ.
Since all the colors have different angles of
deviation, they will spread out into a spectrum.
Violet deviates the
most.
Red deviates the
least.

For Next Time (FNT)
!

!

Finish reading Chapter 25
Start working on the homework for
Chapter 25

