
1) REFRACTIVE INDEX (n) OF A MATERIAL
When a ray of light is shone from air onto the flat face of a semi-circular block of transparent material

which is denser than air, at any angle other than 90o, the ray changes direction on entering the
material (due to a change in velocity) - The ray is refracted:

The constant is known as the refractive index of the material. It is given the symbol n.
It does not have a unit :

                                            refractive index (n) =           sin θθθθair

                                                                                                                                         sin θθθθmaterial

θθθθmaterial

θθθθair

On entering the material, the light ray bends towards the
normal line - The angle θθθθmaterial is always less than the

angle θθθθair.
If you change θθθθair several times, measure θθθθair and θθθθmaterial

each time, then calculate values for sin θθθθair and
sin θθθθmaterial, you can plot a graph of sin θθθθair against

sin θθθθmaterial. The graph you obtain is a straight line passing
through the origin:    
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  Example

Calculate the
refractive index

of the glass
block shown:
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The refractive index of a material
depends on the frequency (colour) of

the light hitting it.
When white light passes through a
glass prism, a visible spectrum is
produced because each component
colour of white light has a different

frequency, so is refracted by a
different amount. 

Violet is refracted more than red, so the
refractive index for violet light must
be greater than the refractive index

for red light.

Refractive Index and Frequency of Light

Refractive Index, Angles, Velocity and Wavelength of Light
When light passes from air into a denser material such as glass:

Its velocity decreases.     Its wavelength decreases.     Its frequency remains constant.

This equation shows the relationship between refractive index, angles, velocity of light and
wavelength of light in air and a material:
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         2) CRITICAL ANGLE and
            TOTAL INTERNAL REFLECTION     

When a monochromatic light
ray is passed from air into a
semi-circular crown glass

block at an angle of incidence
close to the normal line, most

of the light ray is refracted
into the air at the flat surface.
A small amount of the light is
reflected back into the glass
by the flat surface - the dim,
partially reflected light ray.

If the angle of incidence
between the incoming light ray

and the normal line is
increased to 42o, most of the

light ray is refracted along the
flat surface into the air (at 90o

to the normal line). A much
larger amount of the light is

reflected back into the glass
by the flat surface - the partially

reflected light ray is
much brighter. 

     We call the angle of
incidence at which this
happens the CRITICAL
ANGLE for the material.

If the angle of incidence
between the incoming light
ray and the normal line is

increased above the
critical angle (42o), all of the

light ray is reflected back
into the glass by the flat

surface.
     This is called TOTAL

INTERNAL REFLECTION.
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Relationship Between Critical Angle and Refractive Index
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At the critical angle (θθθθc), θθθθair = 90o.
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Here is how I derived the relationship between the
refractive index and critical angle of the plastic:

Here is how I calculated the refractive index of the plastic:

Experiment to Find the Critical Angle and Refractive Index of a
Semi-Circular Plastic Block

I passed a ray of red light into the plastic block. The
angle of incidence between the ray and the normal

line was small. Most of the light ray ______________
___________________________________________
but a ______ amount of the light was ____________
___________________________________________

I increased the angle of __________ between the
incoming light ray and the normal line until most of

the ray was __________ along the flat surface of the
block (at ___ to the normal line). A much larger

amount of light was ___________________________
___________________________________________ 

The angle of incidence at which this happened is
called the ___________ ______ for the material.

Its value was ____.   

When I increased the angle of _________ between
the incoming light ray and the normal a little bit

further (above the ________  angle) ____________
___________________________________________
- This is known as  _______ _________ _________.

  



C"C"C"C"  %" %" %" %",1,1,1,1()()()(),",",","$-#!$-#!$-#!$-#! !(!(!(!("!",'$""!",'$""!",'$""!",'$"!#"!#"!#"!#","),!$+","),!$+","),!$+","),!$+"$"<$"<$"<$"<()()()()%&"$%&"$%&"$%&"$-%%-%%-%%-%%====
>$>$>$>$!#"!#"!#"!#")(,')(,')(,')(,'()()()()%"'$$, ,%"'$$, ,%"'$$, ,%"'$$, ,5(;35(;35(;35(;3

C"C"C"C" D %!"D %!"D %!"D %!"#",#",#",#",&&,! %&&,! %&&,! %&&,! % !$ !$ !$ !$%#"%#"%#"%#"(5%",+"(5%",+"(5%",+"(5%",+"!#"!#"!#"!#")((*$-/)((*$-/)((*$-/)((*$-/

a b
45o

(*(*(*(*("%("%("%("%!#"!#"!#"!#"%$7"%$7"%$7"%$7"()()()()-"-"-"-" ('&,"('&,"('&,"('&,"*$!#*$!#*$!#*$!#!#"!#"!#"!#"
%$7"%$7"%$7"%$7"()()()()-"-"-"-"55559999EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
!!"!!"!!"!!"!#"!#"!#"!#"+ "+ "+ "+ "()()()()-"-"-"-"5555////EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
#!#!#!#! '"'"'"'" $%$%$%$% -$+"-$+"-$+"-$+" !(!(!(!( -"-"-"-"  *#"*#"*#"*#" !#"!#"!#"!#" $-#!$-#!$-#!$-#!
,1%,1%,1%,1%,",",","%%%%%#(*9%#(*9%#(*9%#(*9EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

0air = 90o

%"%"%"%" !#"!#"!#"!#" $-,'$-,'$-,'$-,' !(!(!(!( ",$+"",$+"",$+"",$+"  "0 !$("0 !$("0 !$("0 !$(*#$#*#$#*#$#*#$# $;%$;%$;%$;% !#"!#"!#"!#" ,"),!$+","),!$+","),!$+","),!$+" $"<$"<$"<$"< ()()()()
%&"$%&"$%&"$%&"$-%%-%%-%%-%%====!(!(!(!($!%$!%$!%$!%,$!$,$!$,$!$,$!$ -"-"-"-"////

 !" !" !" !"!#"!#"!#"!#","),!$+","),!$+","),!$+","),!$+"$"<$"<$"<$"<()()()()%&"$%&"$%&"$%&"$-%%-%%-%%-%%====////

"%,$5""%,$5""%,$5""%,$5"*#!*#!*#!*#!*$*$*$*$#&&"#&&"#&&"#&&"*#"*#"*#"*#"-"-"-"-"  $%$%$%$%$,"%"$,"%"$,"%"$,"%"5(+"5(+"5(+"5(+"6.6.6.6.((((3333  " " " "!#"!#"!#"!#"
'"'"'"'"()()()()!#$%!#$%!#$%!#$%&,("%%/&,("%%/&,("%%/&,("%%/EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

<&$<&$<&$<&$#(*#(*#(*#(*1( 1( 1( 1( ;(*;(*;(*;(**#"!#",*#"!#",*#"!#",*#"!#",,1,1,1,1()()()()$-#!$-#!$-#!$-#!*#$#*#$#*#$#*#$#%!,$;"%%!,$;"%%!,$;"%%!,$;"%!#"!#"!#"!#"$%$"$%$"$%$"$%$"% ,)"% ,)"% ,)"% ,)"
()()()()'!",$'!",$'!",$'!",$*$*$*$*$5"5"5"5"!(!1!(!1!(!1!(!1$!",1$!",1$!",1$!",1,")"!",")"!",")"!",")"!"////EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
"!",'$""!",'$""!",'$""!",'$"*#"!#",*#"!#",*#"!#",*#"!#",!#$%!#$%!#$%!#$%$-#!$-#!$-#!$-#!,1,1,1,1*$*$*$*$5"5"5"5"!(!1!(!1!(!1!(!1$!",1$!",1$!",1$!",1,")"!",")"!",")"!",")"!"51515151!#"!#"!#"!#"(&!$(&!$(&!$(&!$
)$5,"/)$5,"/)$5,"/)$5,"/

normal48o

n = 1.48

 !" !" !" !"!#"!#"!#"!#"
,$!$,$!$,$!$,$!$ -"-"-"-" )(,)(,)(,)(,
'!",$'!",$'!",$'!",$*$!#*$!#*$!#*$!#

,"),!$+","),!$+","),!$+","),!$+"$"<$"<$"<$"<()()()()
3..33..33..33..3

6666 !" !" !" !"!#"!#"!#"!#"
,"),!$+","),!$+","),!$+","),!$+" $"<$"<$"<$"< ()()()()
% 5%!"% 5%!"% 5%!"% 5%!"*#$#*#$#*#$#*#$##%#%#%#%
,$!$,$!$,$!$,$!$-"-"-"-"()()()()

623.623.623.623.((((3333

>>>>

>>>>5555
>>>>

>>>>

>>>>""""

>>>>))))

2>2>2>2>

>>>>5555

  


