COMMENTS ON PAGE 1

How are mediums more optically dense?

Refraction

I understand what dense means, but what is an optically dense medium?

A.C. NORMAN

anorman@bishopheber.cheshire.sch.uk
What does incident mean?

Refraction at a plane surface What determines how much the light ray bends towards the normal?

Why does is bend toward the "normal"?

This leads to refraction, meaning i i How come some light is reflected and some passes through the medium, is there a way of
as it enters the medium. working out how much of the original light goes each way?

What’s the difference between reflexion and reflection?

Do light waves reflect when the cannot pass through a polarized material?

When light slows down in
another, it bends towards t

the familiar law of reflexion, i.e
to the angle of incidence ¢ and is in the same plane.

Note that the frequency of the wave is unchanged as it
refracts (this is a property of the source not the medium).
Since the speed of the wave has changed, the wavelength must
also change, because of the wave equation v = fA. This can be
seen most easily with shallow water waves, which slow down
when they enter a shallower area, refracting and decreasing
their wavelength.

"'When light speeds up at the interface between two media, it bends
away from the normal, as we shall see later.
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.. OMMENTS ON PAGE 2
Refractive index C
The refractive index of a medium is the ratio of the speed of

light in a vacuum c to its speed in that particular medium c;. What has the highest refractive index known to man?

c
n=—
Cs

What determines how much a light waves angle of refraction towards the normal?

Since the refractive index is a ratio of speeds, it is a pure
number having no dimensions. For example, the refra(?tlve What is "the constant” referring to?
faster in a vacuum than it does in water. Some

indexes of common substances are given below the refractive index is how many times slower light travels through a medium compared to

traveling through a vacuum? so the higher the index, the slower light travels through it?

medium refractive-index

V(ixcuum 1 (definition) Can you give examples of both eugations to understand fully?
air 1.0003

water 1.33

crown glass 1.52

diamond 2.42

Snell’s law

An accurate description of the geometry? of refraction c
given as follows:

1. The incident ray, refracted ray and the nor
at the point of incidence) are all in the sa

2. For a given medium

sin 2
= constant.

sinr

This is known as Snell’s law3, and the cordstant turns
out to be the ratio of the refragtixe indices of the two
media at the interface (and therefore the ratio of the
speeds of light in the two media also).

A more general form of the refraction equation, for light
passing from material 1, having refractive index nq, into ma-
terial 2 of refractive index ns is

ny sin #; = ng sin f,.

2If you want to take care of the polarization and the reflected and
transmitted intensities, too, you need the Fresnel equations (see a book
such as Hecht’s Optics).

3 After Dutch astronomer Willebrord Snellius (1580-1626), though he
was not the first to describe or use it.
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Total Internal Reflexion COMMENTS ON PAGE 3

When light passes from a medium into one of lower of refrac-
tive index (meaning that it speeds up in the process) it will Is TIR when the angles of incidence are equal or one in equal to one out?
have an angle of refraction greater e angle of incidence.

What determines whether there is partial internal reflection or total internal reflection? Is it
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For small 4, most A critical angle of
light is refracted incidence ¢
into the water at is rea and
an angle r > 1, ight leaves
but there is parti the surface; the
internal exion refracted
also.

Could you explain total internal reflextion eg 1) in class please...

Y

1 > 0., total
internal reflexio
occurs. No li

the normal.
or light travelling from glass (n; = 1.52) into air (ny =
1), we can find 6. using Snell’s law and the fact that 6, is the

angle of incidence for which the angle of refraction is 90°:

nysin@; = ngy sin by

) g Sin O,
sinfy = ——=
n
sinf, 1 x sin(90°)
1.52
=41.1°.

Application: Fibre Optics

Light can be piped by total internal reflexion inside a glass
(or plastic) tube which can guide it along a curve path. So
long as each angle of incidence with the outisde of the tube is
less than the critical angle for the material used, no light will
escape from the tube. This has a wide variety of applications,
from illuminating awkward spots for inspection, to medical
examination of internal organs via endoscopy, to transmission
of information in a fibre optic cable.

A typical optical fibre comprises a central core with a fairly
high refractive index, surrounded by a cladding material of
lower refractive index which will keep the light confined to
the core by total internal reflexion.
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