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Experiment 2: Prism

Required Equipment from Basic Optics System

Light Source
Trapezoid from Ray Optics Kit

Blank white paper

Purpose Incidentray !

|
\«—Normal to surface

The purpose of this experiment is to show how a prism
separates white light into its component colors and to
show that different colors are refracted at different

angles through a prism. m Surface

Theory

When a monochromatic light ray crosses from one
medium (such as air) to another (such as acrylic), it is
refracted. According to Snell’s Law, Refracted ray
(ny>ny)
nsin 0, = nysin 6, Figure 2.1: Refraction of Light
the angle of refraction (0,) depends on the angle of incidence (8,) and the indices of

refraction of both media (7 and n,), as shown in Figure 2.1. Because the index of

refraction for light varies with the frequency of the light, white light that enters the

material (at an angle other than 0°) will separate into its component colors as each fre-

quency is bent a different amount,

The trapezoid is made of acrylic which has an index of refraction of 1.497 for light of
wavelength 486 nm in a vacuum (blue light), 1.491 for wavelength 589 nm (yellow),
and 1.489 for wavelength 651 nm (red). In general for visible light, index of refrac-
tion increases with increasing frequency.

Procedure

1. Place the light source in ray-box mode on a sheet of blank white paper. Turn the
wheel to select a single white ray.

Color
spectrum

Single white ray

Normal to surface

Figure 2.2

2. Position the trapezoid as shown in Figure 2.2. The acute-angled end of the trape-
zoid is used as a prism in this experiment. Keep the ray near the point of the trap-
ezoid for maximum transmission of the light.
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3. Rotate the trapezoid until the angle (6) of the emerging ray is as large as possible
and the ray separates into colors.

(@) What colors do you see? In what order are they?
() Which color is refracted at the largest angle?

() According to Snell’s Law and the information given about the frequency
dependence of the index of refraction for acrylic, which color is predicted to
refract at the largest angle?

4. Without repositioning the light source, turn the wheel to select the three primary
color rays. The colored rays should enter trapezoid at the same angle that the
white ray did. Do the colored rays emerge from the trapezoid parallel to each
other? Why or why not?
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Experiment 3: Reflection

Required Equipment from Basic Optics System

Light Source

Mirror from Ray Optics Kit

Other Required Equipment

Drawing compass

Protractor

Metric ruler

White paper

Purpose

In this experiment, you will study how rays are reflected from different types of mir-
rors. You will measure the focal length and determine the radius of curvature of a con-
cave mirror and a convex mirror.

Part 1: Plane Mirror
Procedure
1. Place the light source in ray-box mode on a blank sheet of
white paper. Turn the wheel to select a single ray.
Incident ray
2. Place the mirror on the paper. Position the plane (flat) surface
of the mirror in the path of the incident ray at an angle that
allows you to clearly see the incident and reflected rays. Normal to__-~
surface
3. On the paper, trace and label the surface of the plane mirror { eftocted ra
and the incident and reflected rays. Indicate the incoming and Y
the outgoing rays with arrows in the appropriate directions. Figure 3.1
4. Remove the light source and mirror from the paper. On the
paper, draw the normal to the surface (as in Figure 3.1).
5. Measure the angle of incidence and the angle of reflection. Measure these angles
from the normal. Record the angles in the first row Table 3.1.
6. Repeat steps 1-5 with a different angle of incidence. Repeat the procedure again
to complete Table 3.1 with three different angles of incidence.
Table 3.1: Plane Mirror Results
Angle of Incidence Angle of Reflection
7. Turn the wheel on the light source to select the three primary color rays. Shine

the colored rays at an angle to the plane mirror. Mark the position of the surface
of the plane mirror and trace the incident and reflected rays. Indicate the colors of
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the incoming and the outgoing rays and mark them with arrows in the appropriate
directions.

Questions
1. What s the relationship between the angles of incidence and reflection?

2. Are the three colored rays reversed left-to-right by the plane mirror?

Part 2: Cylindrical S

N\
\

Theory /' \
R miror

A concave cylindrical mirror focuses incoming parallel rays at its focal /
point. The focal length (f) is the distance from the focal point to the cen- ~f

ter of the mirror surface. The radius of curvature (R) of the mirror is bt
twice the focal length. See Figure 3.2. /
/
Procedure s /
1. Tum the wheel on the light source to select five parallel rays. Shine Figure 3.2
the rays straight into the concave mirror so that the light is reflected
back toward the ray box (see Figure 3.3). Trace the surface of the
mirror and the incident and reflected rays. Indicate the incoming
and the outgoing rays with arrows in the appropriate directions.
(You can now remove the light source and mirror from the paper.)
2. The place where the five reflected rays cross cach other is the focal | o
point of the mirror. Mark the focal point. iinslabis AN
- 3
3. Measure the focal length from the center of the concave mirror sur- ——>——> O
face (where the middle ray hit the mirror) to the focal point. Record —>————>
.

the result in Table 3.2.

4. Usc a compass to draw a circle that matches the curvature of the
mirror (you will have to make several tries with the compass set to Figure 3.3
different widths before you find the right one). Measure the radius
of curvature and record it in Table 3.2.

5. Repeat steps 14 for the convex mirror. Note that in step 3, the reflected rays will
diverge, and they will not cross. Use a ruler to extend the reflected rays back
behind the mirror’s surface. The focal point is where these extended rays cross.

Table 3.2: Cylindrical Mirror Results

Concave Mirror Convex Mirror

Focal Length

Radius of Curvature
(determined using compass)

Questions

1. Whatis the relationship between the focal length of a cylindrical mirror and its
radius of curvature? Do your results confirm your answer?

2. What s the radius of curvature of a plane mirror?
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