TAP 317 - 2: Measuring refractive index
By tracing rays of light through a rectangular block of transparent material and measuring the angles at the interfaces, use Snell’s law to calculate the refractive index for that material.

Apparatus

· rectangular glass or perspex block

· ray box or optics lamp 1 cylindrical lens 1 single slit

· power supply

· leads

· protractor

· A4 plain white paper

· shaded or darkened conditions
Safety

It may be necessary to remind some students that ray boxes become very hot over 30minutes.

Preparation

You will be using Snell’s law to determine values for the refractive index of transparent materials:


[image: image1.wmf]2

1

2

1

sin

sin

c

c

r

i

n

=

=


[image: image2.emf]
Have a look through the instructions below, and decide how best to record information in a systematic way from the start of this activity.

Measurements and calculations

Using the apparatus shown above, direct a ray of light to enter the block near the middle of the longest side and to leave by the opposite side crossing directly from one side to the other. As you change the angle of the block to the light, notice the alterations in the direction of the emerging ray.

· Draw round the edges of the block for one arrangement.

· Mark the paths of the light outside the block with a few pencil dots.

· Remove the block and draw in (with a ruler) the path of the ray through the block as a straight line. Use arrows to show which way the light travelled.

· Construct a normal where the ray enters the block and measure i and r.

· Estimate the experimental uncertainty on your measurements of i and r.

Repeat for at least five different angles of incidence. Calculate the refractive index for the material of your block.

Return to your ray diagrams. Measure the angles of incidence and refraction for the ray as it leaves the block. Calculate the refractive index at the exit.

Extension

You will have to add a lens to the ray box to make suitable beams of light for this part of the activity.

Go back to your apparatus and find out how a broad beam of light emerges from the block if it enters as:

(a) 
a parallel beam

(b) 
a converging beam.

Describe your observations.
Writing up

Write a short account of this activity for your own use later in the course when you need to revise this work. Include a diagram and a clear record of your measurements and calculations.

Include your answers to these questions in your account:

· How does the value of refractive index for the emerging light relate to the earlier value you found for light entering a material?

Could you have predicted this?

· What is the connection between the directions in which the light travels as it enters the block to that when it leaves?

Describe any evidence you have to show that the coating on a compact disc (CD) sharpens the focusing of the beam. Include a diagram if possible.

Practical advice

Snell’s law of refraction

This is a standard practical method to determine refractive index for glass or perspex.

For some students, this might be pre-16 level revision. You might need to explain to students that we measure angle from the normal not the surface so as to be able to deal with surfaces that are not plane.

Students should appreciate that the angles are related to changes in the wave speed.

The calculations give an opportunity for the revision of sine functions and the use of calculators.

Encourage the mathematically timid to write out their calculations line by line.

Some students might find the use of suffixes off-putting so encourage them to treat them as useful labels.

Insist on clear drawings. If this is the students’ first experience of ray diagrams, ground rules need to be made about using rulers and sharp pencils. Check that students can use protractors with precision.

Agree with students beforehand what you require in the way of a written account of this work and its format. We suggest asking them to produce summary notes and diagrams for their own later use.

External reference

This activity is taken from Salters Horners Advanced Physics, section TSOM, activity 22
_1188653344.unknown

