
1

Waves

© OCR 2015 AS and A Level Physics A

Semicircular prism
Refraction is the name given to the bending of a wave when it moves from one material to another. This happens 
because the wave moves at different speeds in the two media. In the case of light, the size of this effect is given by the 
refractive index (n).

Light of all wavelengths (or frequencies) travels faster in a vacuum than in any other medium. The refractive index tells 
us how much slower light moves in one medium in relation to its speed in a vacuum i.e.:

Refractive Index, nx = 

 

speed of light in a vacuum

speed of light in x

For example, if the refractive index of a material were ‘3’, this would mean that light travels three times slower in that 
material than in a vacuum.

To measure the refractive index of a material, we pass a beam of light through a boundary between the material and 
air and measure the angle of refraction. As in any experiment, to reduce the possibility of making a mistake we should 
take several measurements. We try to plan experiments which will allow us to plot a graph. We can then identify a 
trend or spot any weird or interesting points.

Experiment
To measure the refractive index of glass or plastic, we will use a semicircular block.

1. Place the semicircular block on a piece of paper, somewhere around the 
middle of the sheet, and draw carefully around its edge.

2. On your drawing, measure the length of the straight edge and place a mark at 
its centre.

3. Line up a protractor with the straight edge, putting the centre of the protractor 
at the centre of the edge, and mark the 90° point. Draw a line between this 
point and the middle of the straight edge. Continue this line down below the 
straight edge. Mark this line as ‘0°’.

4. Next, set the protractor on the straight edge again and add a mark every 5° 
until you reach a largest angle of 50°. Mark these lines 5°, 10°, 15°, … etc.

Your sheet of paper should look similar to the one shown here, but for clarity, 
only the 0° and the 45° lines have been drawn – yours should contain all 11 
lines from 0° to 50°.

You will be shining light along the various angles you have drawn – these will 
be your different angles of incidence. Do not forget that these angles are always 
measured with respect to the normal. One problem with this experiment 
is that when light travels through the block, it is moving between two 
boundaries:

a) the air-glass interface as it enters the block

b) the glass-air interface as it leaves the block.

In this experiment, the light beam is always shone towards the centre of the 
straight edge. For the 0° and 45° angles, this is shown in the diagram. The zero 
angle is drawn going straight through the block.
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Question I: Why should the 0° beam go straight through the block, showing no refraction at either boundary?

Question II: Why is it important to ensure that the light beam is going to the centre of the edge?

5. Set out the following table in your lab-book and write down the angles of incidence (i).

Angle of incidence, i
(°)

Angle of refraction, r
(°) Sin(i) Sin(r)

0

5

etc...

6. Shine a ray of white light along each of the 11 angles of incidence and place a mark on your paper so you can 
draw the path of the refracted ray.

7. After you have completed the experiment, draw in all the lines of refraction and measure the angles and fill in your 
table, also calculating the sines.

Question III: What problem did you have for angles of incidence which were large?

8. Plot a graph of angle of incidence (i) (x-axis) against angle of refraction (r) (y-axis). Draw in the best curve for this 
data.

9. Plot a graph of Sin(i) (x-axis) against Sin(r) (y-axis).

10. The refractive index of the block is found by working out the gradient of the Sin(i) vs Sin(r) graph. Draw the best 
straight line and calculate the refractive index of your material.

Question IV: If the speed of light in a vacuum is 3 × 108 m/s, what speed does light travel in your block?

Question V: What do we mean by the critical angle?

Question VI: Estimate the critical angle for your material.

Question VII: What effect do you observe when the angle of refraction is large? What two clear statements can you 
make based on this observation?
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Rectangular prism
Refraction is the name given to the bending of a wave when it moves from one material to another. This happens 
because the wave moves at different speeds in the two media. In the case of light, the size of this effect is given by the 
refractive index (n).

Light of all wavelengths (or frequencies) travels faster in a vacuum than in any other medium. The refractive index tells 
us how much slower light moves in one medium in relation to its speed in a vacuum i.e.:

Refractive Index, nx = 

 

speed of light in a vacuum

speed of light in x

For example, if the refractive index of a material were ‘3’, this would mean that light travels three times slower in that 
material than in a vacuum.

To measure the refractive index of a material, we pass a beam of light through a boundary between the material and 
air and measure the angle of refraction. As in any experiment, to reduce the possibility of making a mistake we should 
take several measurements. We try to plan experiments which will allow us to plot a graph. We can then identify a 
trend or spot any weird or interesting points.

Experiment
To measure the refractive index of glass or plastic, we will use a rectangular block.

1. Place the rectangular block on a piece of paper, somewhere around the middle of the sheet, and draw carefully 
around its edge.

2. On your drawing, place a pencil mark somewhere around a quarter of the way along the top edge.

3. Line up a protractor with the straight edge, putting the centre of the protractor at the centre of the edge and mark 
the 90° point. Draw a line straight down. Mark this line as ‘0°’.

4. Next, set the protractor on the straight edge again and add a mark every 10° until you reach a largest angle of 80°. 
Mark each line with its angle.
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5. Put the rectangular block back in place and shine a ray along each line. For each angle, place a mark on the other 
side of the block where the ray is refracted. 

Once this has been done for all the different angles of incidence, the block can be removed and the protractor used to 
measure the angles of refraction.

Set out the following table in your lab-book and write down the angles of incidence (i).

Angle of incidence, i
(°)

Angle of refraction, r
(°) Sin(i) Sin(r)

0

10

etc...

Plot a graph of angle of incidence (i) (x-axis) against angle of refraction (r) (y-axis). Draw in the best curve for this data.

Plot a graph of Sin(r) (x-axis) against Sin(i) (y-axis).

The refractive index of the block is found by working out the gradient of the Sin(i) vs Sin(r) graph. Draw the best 
straight line and calculate the refractive index of your material.

Question: If the speed of light in a vacuum is 3 × 108 m/s, what speed does light travel in your block?
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