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1 Define the following:
1.1 Angle of refraction;
It is the angle between the refracted ray and the normal.

1.2 Refractive index;
The refractive index (n) is the ratio of the speed of light in 
air to the speed of light through
another medium.

1.3 Optical density.
A measure of the speed of light or other electromagnetic 
waves through a medium.



2. Calculate the refractive index of a diamond if an angle of 
incidence of 30o causes an angle of refraction of 12o when 
light moves from air into a diamond.
ni sinθi = nr sinθr

1 × sin30o = nr sin12o nr = 2,4

3. The refractive index of gallium phosphide is 3,5. If a ray of 
light moves from air through gallium phosphide with an 
angle of incidence of 40o, calculate the angle of refraction.
ni sinθi = nr sinθr

1 × sin40o = 3,5 × sinθr θr = 10,58o



4. Light moves from water through glass. The refractive 
index of the glass is 1,5 and the refractive index of 
water is 1,33. The angle of refraction = 30o. 
Calculate the angle of incidence.

ni sinθi = nr sinθr

1,33 × sinθi = 1,5 × sin30o θi = 34,33º

5 An experiment is done to determine the refractive index 
of Perspex, and the following readings are obtained 
when the light ray from air to perspex:



Angle of incidence θi 10o 20o 30o 40o 50o

Sinθi 0,173 6 0,342 0,5 0,642 8 0,766

Sinθr 0,119 8 0,236 0,345 0,443 6 0,528 6

Angle of refraction 
θr

6,88o 23,65o 30,18o 26,33o 31,91o

5.1 for 10o:
nisinθi = nrsinθr

1(0,173 6) = nr(0,119 8)
nr = 1,449 1



for 20o:
nisinθi = nrsinθr

1(sin20o) = (1,449 1)sinθr

∴ sinθr = 0,236
θr = 13,65o

Repeat for 30o, 40o and 50o.



5.2 Sketch the graph of sinθi (on x-axis) versus 
sinθr (on y-axis).



5.3 Use the graph to determine the refractive index 
of Perspex.

Δsinθr ni

Gradient of graph = Δsinθi = nr

ni 0,528 6 - 0,119 8
∴ nr = 0,766 - 0,173 6

1
nr = 0,69

1
nr = 0,69
nr = 1,45



5.4 Calculate the magnitude of the angle of refraction 
if the angle of incidence is 26o.

ni sinθi = nr sinθr

1 × sin26o = 1,45 sinθr θr = 17,6o

5.5 Calculate the magnitude of the angle of incidence if the 
angle of refraction is 30o.

ni sinθi = nr sinθr

1 × sinθi = 1,45 × sin30o θi = 46,47o



5.6  If a material with a greater optical density than 
Perspex is used in this experiment, will the 
gradient in the graph be greater than that drawn 
in Question 5.2? Give a reason for your answer.

nr

Lower gradient = nr and will be smaller.

6 Indicate in each of the following cases which angle will be 
the greatest (angle of incidence or angle of refraction).
Light moving from:

6.1 glass (n = 1,5) to paraffin (n = 1,48)
6.2 paraffin to diamond (n = 2,42) 

r

˄

˄



6.3 medium A to medium B (speed of light in medium 
A = 2,4 × 108 m·s-1 and speed of light in
medium B = 3,2 × 108 m·s-1)

r

7 A transparent block lies under water. A diver shines his 
flashlight onto it so the ray of light makes an angle of 31o

on the block. The refractive angle is 27o.
7.1 Calculate the refractive index of the block if the 

refractive index of the water is 1,33.
ni sinθi = nr sinθr (NB: angle of incidence = 31o)

1,33 × sin31o = nr × sin27o

∴ nr = 1,51

˄



7.2 Use the table in the notes and identify the material 
that the block is made of.

Glass

8 A layer of oil (n = 1,45) floats on water (n = 1,33).
A ray of light shines 
through the oil into the 
water. The angle of refraction 
of the light moving from the
oil into the water is 35o.

8.1 Complete the path of 
the light.



8.2 Use Snell’s law to calculate the angle of incidence 
with which the light hits the oil.

Oil to water: 
ni sinθi = nr sinθr ni

1,45 × sinθi = 1,33 × sin35o

θi = 31,74o θi

Air to oil:
ni sinθi = nr sinθr

1 × sinθi = 1,45 × sin31,74o

θi = 49,71o


