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Law of Refraction Pg 40-41 Pg46 6,7,8,9,10
Index of Refraction / Snell’'s Law Pg 41-42
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Refraction of Light Waves

Light travels at different speeds in different
materials. In a vacuum, it travels at 3 x 10® m/s.
In other transparent materials it travels slower.

This reduction in speed causes the wavefront in
the material to lag behind the wavefront outside
the material. This causes the direction of the
wavefront to change as shown in the diagram.

This bending of the wave is called refraction is
as it passes from one material to another.

Refractive Index

The refractive index n=
light in the material

< |

is equal to the speed of light in a vacuum (c) divided by the speed of

It is used to compare speeds with the speed of light in a vacuum.
The table below shows the speed of light in different mediums and the refractive index in these
materials, using a wavelength of 589nm and a temperature of 20°.

Medium Speed of light (ms™) Absolute refractive index
Vacuum 3.0x 10® 1.00000

Air 3.0 x 108 1.000293

Water 2.25 x 10° 1.333

Silica 2.0 x 108 1.458

Glycerine 2.0 x 108 1.473

Diamond 1.24 x 10® 2.419

A refractive index of 2 means that light travels twice as slowly in that material as it does in a

vacuum.

Questions

Which has a higher refractive index — water or air?

The speed of light in perspex is 2.0 x 108 m s™. Calculate the refractive index of perspex,
given that the speed of light in a vacuum is 3.00 x10® m s™.
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The refractive index of a particular medium is 1.36. Calculate the speed of light in the
medium given that the speed of light in a vacuum is 3.00 x 10°m s™".

Refraction of Light Rays — Snell’s Law

Light waves can be simplified as single rays.

Normal The change of direction depends on the initial angle,
and the two refractive indices
! Air n; =1.00 _
- The larger the change in speed, the large the amount
) Glass n2 = 1.50 of refraction (a large bend occurs)

We say that a material is optically denser if it has a
higher absolute refractive index. Optical density and
density are not related.

The amount of refraction can be determined
using Snell’'s Law.

. . . nysini=nysinr
v, = speed of light in medium 1,

v, = speed of light in medium 2,
n1 = absolute refractive index of medium 1 or
n, = absolute refractive index of medium 2

Questions
When light speeds up, does it move towards or away from the normal?

Light moves from water (refractive index of 1.33) to air (refractive index of 1.00). It strikes
the surface perpendicular (at an angle of 90°). At what angle does the light come out of the
water?

The refractive index of Material A is 1.4. A ray hits the surface at an angle of 30° and refracts
at an angle of 47°. Calculate the refractive index for Material B.

The refractive indices for crown glass and alcohol are 1.52 and 1.36 respectively.
A ray of light passes from alcohol to crown glass. If the angle of incidence is 50° calculate
the angle of refraction.
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Chapter 28 Reflection and Refraction
More Refraction

1. The sketch to the right shows a Bghl fay moving fram
air inho water, at 45 to the normal. Which of tha threa

rays Indicated with capitel letiers is most likely the light
ray thatl continues inside the weter?

Tex thee righd, & light rey is ashown moving from

air into & glass bock, at 40° to the normal. Which
of 1 hree rays 19 mast liksly the light ray that
travals in the gir after amarging from tha
opposite sida of the Block? (Skelch the path the
light would take nside the gless.)

]

rlf ABC

2. The sketch on the latt shows a light ray
moving from glass inta air, at 307 o the
rorrnal. Which o the three jsmost lilkely
tha light ray that continues inthe air?

4. To tha laft, a light ray
i shown moving fram
wiater Inio & rectemgular
thock of @ (insideathine A B C
wiallad plastic bow), at 407
to the normal. Which of the
rays is most likedy the light ray
that conlinwees inbd the water on
the opposte sde of tha block?

Skatch the path tha light would take
insida tha air.

thanx ¢ Clireres Bakber .iﬂi.ﬁql\

-
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Chapter 28 Reflection and Refraction .
More Refraction—continued __ﬂ._*
5. The two treraparent blacks (right) ane

made of diferent materials. The speed ]
of light im thi left block is greater than
tive spaed of light in the right block. by .

Draw an approprigts kight path through -

and beyond the right block. 15 the light -

Ihal amarges displaced more or lass "
digplacemen

than kght emerging from the left blosk?

. Light fram the air passes through plales of glss and plastic below. The speads of light in the
dittanant materials &re shown to the right (these ditterant speeds are oftan iImpled by the “index
of refraction” of the metarial). Conatruct a Et_u: sketch showing an appropriate path thraugh
the system of four plates.

Compared to the 50° incident 1
ray at the top. what can you “
say aboul thi angles af the 1
ray in the air betwesn and
balow the block pairs?

F=06¢

fF=07¢

7. Paralka rays of light are refracted as they change spead in passing from air
o the eye (el below) Construct a rough sketch showing appropriate ight
peths whan parallal light under weter masts the same aye (rght balow)

If & fisk sut of water
wighes fe clearly view
abyjects in air, should i
weor goggles filled with
warer or with e

&ir

B, Why do we need Lo wear & Tace mask of gogghes 1o See cleardy

when under water?
i=s_ = . s : # \
wit!
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Colours have different Refractive Indices

In a vacuum, all wavelengths of light (visible and non-visible) travel at the same speed. In air, all
colours approximately travel at the same speed.

However, for other transparent materials, different colours slow down by different amounts. The
refractive index of a material is actually an average refractive index for that material. This is
because the

refractive index of a material depends on the wavelength of light travelling through the
material

For example the refractive index of silica ranges from 1.55 for light at a wavelength of 200nm, to
1.46 for light at 700nm. This is a large difference in speed and therefore a large difference in the
angle of refraction.

Questions
Based on this information, which is faster in silica, red light or blue light?

Dispersion

White s
When white light is passed through transparent materials, creen

it tends to separate into its constituent colours. This Prism
process is known as dispersion.

Dispersion occurs because different colours change speed
by different amounts as they change medium, and as a
result refract at different angles.

Questions
Consider the diagram to the right. Red has refracted the least amount, whilst blue has
refracted much more. Explain why this has occurred.

Which has the higher refractive index — yellow light or green light?

As it moves from water to air, will yellow light move towards or away from the normal?

Which light will bend by a greater amount — yellow or green?
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Chapter 28 Reflection and Refraction
Refraction

1. & pair of toy cart whaals ara rolled obligusly from a smaath sutace onto two plots of grass—a
rectanguiar plot on the left, and a trangular plat on the rght. The ground &5 on a Sight incine
en that after slowing down in the grass, the wheels speed up again when emenging on the
emaath surface. Finish ezch sketch and show sorme positions of the wheals inside the plots
and on the other side. Clearly indicate thewr paths and directions of traved

“ GRASS

1 L

2 Red, green, and blus rays of ight are incident upon & glass prism &s shown below, The average
speed of red light in tha glesa is |ees than in air, eo the red ray ks refracted. When it emerges into
the air it regains its original speed and travels in the direction shown. Graan ight takes longsr to
get thraugh the glass. Because of its slower spaad it is refractad as shown. Blua light travels
evan glower in glase, Cormplate the diagram by estimating the path of the blus ray.

3. Below we congider a prism-shaped bale in a piece of glass—that is. an "air prism.* Complete the
diagram, showing lkely paths of the bearms of red, gresan, and blue light as they pass theough this
“priam” and then into glass,

A
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Chapter 28 Reflection and Refraction
Refraction—continued

PRACTICE PAGE

4, Light of different colors diverges when emerging from a prism. Mewton showed that with &
second prism he could make the diverging beams become parallel egem. Which placement
 ofthe second priam will do this?

\nD ““ g ”___n__ ED
5. The skeéch showa thaet dus to refraction, the man sees the fish closar ko the water surface than
it actually is.

et T
B S
o, g rat

a. Oraw a ray baginning at the fish's eyve to show the line of sight of the fish when il leoks upward
at 50" 1o the normal &t the water surface. Draw the direction of the ray after it mests the surface

of waler

b. At tha 507 angle, does tha fish sae the man, or doas it see the reflecied view of the starfish at
he bodtom of the pond? Explain,

« To s=a the man, should the fish look higher or lower tham the 507 path?

o, I the lish's eve wene barsly above he vwater surtisce, it would see the world above in a 180°
view, horzon to horizon. The fisheye view of the world above as saen bensath the water,

v, i very diferant. Dus lo the 487 crilical angle of water, he fish seas a norrmally 1807
horizon-to-horizon view compressad within an angle of

o

.Mﬂ._




