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Refraction
Equipment
1
1
1

Basic Optics Ray Table
Basic Optics Light Source
D-Shaped Acrylic Lens

OS-8465
OS-8470
w/OS-8465

Introduction
In this activity you will use Snell’s Law of refraction to experimentally determine the index of
refraction of a D-shaped acrylic lens.

Figure 1: Refraction

Background
Refraction is the bending of the path of light when it passes from one material to another. The
most common explanation of refraction includes the wave theory of light: Imagine a ray of light
traveling through air. When this ray strikes the surface of a piece of glass at an angle, one side of
the wave front enters the glass before the other and it slows down, while the other side continues
to move at its original speed until it too reaches the glass. As a result, the light ray bends inside
the glass. The amount at which a medium (like glass) can slow a light ray down is based on the
medium's index of refraction n. If a medium has a high index of refraction (like glass, n ~ 1.4),
light will travel slower through it. If a medium has an index of refraction close to 1 (like air, n ~
1) light will travel faster through it.
In addition to the different indexes of refraction, the angle at which a light ray bends when
traveling from one medium to another is also affected by the angle at which the original light ray
is incident. The relationship is described by a simple equation know as Snell's Law (Equation 1).
Where n₁ is the index of refraction of the first (incident) medium, n₂ is the index of refraction of
the second medium, and θ₁ and θ₂ are the incident and refracted angles respectively.
n1 sinθ1 = n2 sinθ2

(1)
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Setup
1. Place the basic optics light source flat on the lab table and rotate the knob on the front of
the light source to produce a single ray of light as in Figure 2.
2. Place the basic optics ray table on the lab bench just in front of the light source, such that
the light ray passes through the center of the ray table.
3. Rotate the top of the ray optics table so that light ray is aligned with the 0° mark on the
tabletop.
4. Place the D-shaped acrylic lens in the center of the table (frosted side down), and adjust
its position so it fits within the lens outline on the tabletop.

Important Note
With the equipment set up you should see the light ray passing through the lens. If you adjust the
angle at which the light is incident on the flat front of the D-shaped lens you will see the light ray
change direction due to refraction within the glass.
You may also notice that the direction of the light ray does not change when it leaves the glass,
even though n₁ ≠ n₂. Explain why this happens?

Figure 2: Setup
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Procedure
1. In PASCO Capstone, create a table as shown below. Create User-Entered Data sets for
both columns. Fill in the values shown in the first column.
Table I: Refractive Angles for D-Shaped Lens
Incident Angle θ1
Refraction Angle θ2
(o)
(o)
0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75

2. Set the incident angle to 0° by rotating the top of the basic optics ray table. Make certain
that the light ray hits the flat surface of the lens at its center.
3. Observe the refracted ray of light and record the refraction angle in Table I.
4. Repeat the same procedure for each incident angle in Table I. Record all measurements
into Table I and make certain that the light ray hits the flat surface of the lens at its center
for all measurements.

Figure 3: Measuring the Refraction Angle
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Analysis
1. In the Capstone calculator, create the following equations (both are unitless):
sin θ₁ = sin([Incident Angle, θ₁ (°)])
sin θ₂ = sin([Refraction Angle, θ₂ (°)])
2. Create a graph of sin θ₁ versus sin θ₂ for your data. Turn off the connected lines in the
graph properties.
3. Use a curve fit to help determine a value for the index of refraction for the acrylic lens
(n₂). Assume that the index of refraction for air (n₁) is 1. Record the experimental value.
4. If acrylic glass has a theoretical index of refraction of 1.49, what is the percent error on
your experimental value?
% 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 =

|𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴−𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸|
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴

× 100%

5. What caused error in your measurements and how could these have been avoided?

