Lab 9. Reflection and Refraction

Goals

* To explore the reflection of a light ray from a shiny smooth surface.

* To observe and understand how a curved mirror focuses incoming parallel light rays to a
single point.

* To explore the behavior of a light ray as it passes from one transparent medium into another
transparent medium.

* To verify Snell’s Law of refraction for light rays passing from air to PMMA [a plastic also
known as Lucite, Plexiglass, or poly(methyl-methacrylate)] and from PMMA to air.

¢ To calculate the index of refraction for PMMA from the data.

* To observe the focusing of parallel rays of light by a semi-circular PMMA prism analogous
to a simple lens.

Introduction

The basic behavior of light reflecting off mirror surfaces or passing from one medium to another
is to be investigated. A “ray box” produces one or more thin beams of light that behave much like
the ideal rays used to describe reflection and refraction in the text. Tracing the paths of these rays
as they interact with a mirror or an interface shows the behavior of light in these situations.

By convention the angle of incidence is defined as the angle between the incident ray and the
surface normal—the direction perpendicular to the surface of the mirror or lens. When dealing
with mirrors, the angle of reflection is the angle between the reflected ray and the normal to the
surface of the mirror. When dealing with refraction, the angle of transmission is defined as the
angle between the transmitted ray and the surface normal at that point.

Caution: Avoid putting fingerprints on the surfaces of the optical elements. Handle them by
the edges.
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Reflection from a plane mirror

By sliding the plastic mask on the front of the ray box back and forth, single or multiple rays can
be obtained. To investigate the reflection of a single ray of light, adjust the box to give a single
ray of light. A piece of circular graph paper will be used to measure the angles of incidence and
reflection.

Align the plane mirror with the 0°-360° line on a piece of circular graph paper, and direct the ray
so that it strikes the mirror at the center of the circular graph paper. Without changing the position
of the mirror, measure and record the angles of incidence and reflection as the incident angle of
the ray is varied by 10° increments from 10° to 80°. You will have to move the ray box relative to
the paper by carefully moving one or the other or both. Make sure that the ray always strikes the
mirror at the center of the graph paper. Remember that incident and reflected angles are measured
by convention from a line perpendicular to the mirror surface.

Present your results in a table. From your data, can you propose a general relationship between
incident and reflected angles? How well is your hypothesis supported by the data?

Reflection from two perpendicular plane mirrors

Place two plane mirrors at right angles to each other in a L-shaped formation near one corner of a
piece of engineering paper. The back or non-reflective sides of the mirrors should face toward the
edges of the paper.

Using the same ray box configuration as above, place the ray box so that the single ray impinges
on the front of one of the mirrors near its middle at an incident angle of about 45°. You should
observe a reflected ray from this mirror combination. Use a ruler to draw on your paper the paths
of both the incident and reflected rays. Now vary the incident angle of the incoming ray, always
making sure that the ray’s path includes one reflection from each mirror surface, and again mark
the paths of the incident and reflected rays from the mirror combination.

From your observations what general rule might you suggest for the relationship between the
incoming and outgoing rays for this configuration? How well does your data support your hypoth-
esis?

Note that radar is a form of electromagnetic radiation, like light, and so exhibits the same properties
as light when it comes to reflection. Radar often works by sending out a beam from a point, and
then looking to see what, if anything, gets reflected back to that same point. An aircraft has many
parts that fit together so that the surfaces make angles with each other. What angles should be
avoided when designing “stealthy” aircraft, that is, those hard to “see” with radar?

Focal length of a concave cylindrical mirror

To determine the focal length of a curved mirror, it is useful to adjust the rear box so that it gives
several parallel rays. Adjust the ray box to give five rays, and place a piece of engineering paper
in front of the ray box. Place the reflective surface of the mirror toward the ray box with the center
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of the mirror surface perpendicular to the middle one of the five rays. Outline the position of the
mirror on the paper. Then trace the path of each incident ray and its reflected ray.

The focal length of a mirror is defined to be the distance from the center of the mirror to the point
where parallel incident rays intersect after reflecting from the surface. Determine the focal length
for this concave mirror from your ray drawing. If all the rays don’t quite meet at the same point,
this is called “aberration.” Does this mirror exhibit aberration? Does each of the five rays obey the
simple rule of reflection from the mirror surface? Discuss and explain in each case.

Refraction at the surface of a semicircular lens

When a ray of light enters a transparent material at any angle except 90°, the ray bends at the
interface. To study the bending process, adjust the ray box so that it produces a single ray of light.
Use the circular graph paper to measure the angles of the incoming incident ray and the outgoing
refracted by. To do this, orient the flat face of the semicircular PMMA lens on the circular graph
paper so that it lies along the 0°-360° line. Then position the ray box so that the ray strikes the flat
face of the lens at right angles. The point of intersection should lie at the center of the graph paper,
SO you can measure its angle.

Trace the path of the incoming ray from the ray box and the outgoing ray emanating from the
curved side of the lens. Note that when the ray is perpendicular to the interface from air to lens or
from lens to air, the ray does not deviate from its original direction. In this case, the incident and
refracted angles are both zero. Now vary the angle of incidence from 10° to 80° in 10° increments.
In each case trace the incoming and outgoing rays. It is imperative that the incoming ray strikes
the PMMA at the center of the straight side of the semicircle each time. After refraction, rays
striking the center of the straight edge of the semicircle will pass along a radius of the semicircle
and will always strike the curved edge of the lens at right angles. Since the incident angle is 0°, no
additional refraction takes place. Care here will ensure the validity of your data.

To determine the relationship between the incident angle and the refracted angle for the air-PMMA
interface. Make a graph of the incident angle on the vertical axis versus the refracted angle on the
horizontal axis. Based on your graph, can you propose a simple relationship between the two
angles?

Historically the relationship between the incident and refracted angles was not fully understood
until the wave theory of light was proposed. It is now well understood and experimentally verified
that light travels more slowly through materials than through empty space. Air is mostly empty
space, so the slowing down of light in air is very small and can be ignored in many cases. The
index of refraction of a material is defined as follows:

d of light i ,
index of refraction, n = —bo— O 18T 1 VACUUTH, © 9.1
speed of light in material, ¢

Consequently, the index of refraction for air is essentially 1.00, while the index of refraction of
PMMA is greater than one. It has been predicted and verified by careful experiments that the
incident angle, 6; is related to the refracted angle, 6,, by:
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n; sin 6; = n,sin 6, (Snell’s Law) 9.2)

where n; is the index of refraction of the material for the incident ray and #, is the index of refraction
of the material for the refracted ray. Now use Snell’s Law to determine the index of refraction of
the PMMA. A graph is a good way to do this.

The behavior of the light traveling from air into PMMA is characterized by Snell’s Law, but is
the behavior of light traveling from PMMA into air the same? To test this, put the ray box on the
opposite side of the PMMA semicircle. The incoming ray should enter the PMMA through the
curved side and pass along a radial line to the center (Important!) of the straight side. Here the
ray leaves the PMMA and passes into the air. Again trace rays and measure incident (now in the
PMMA) and refracted (now in the air) angles as before. Do you see any differences? For fairly
large incident angles, what happens to the refracted ray? The effect that you observe is utilized
in optical fiber transmission lines to keep the light from “leaking” out of the fiber. Determine the
index of refraction of the PMMA from this data by plotting the angle of refraction versus the angle
of incidence. Does the index of refraction agree with the value obtained when the ray was incident
on the flat side of the lens?

Determining the focal length of a lens

To determine the focal length of the PMMA lens, adjust the ray box to give five rays once again.
Place the lens on a piece of engineering paper and orient the ray box so that the middle rays
strike the center of one side of the lens at right angles. Trace the incoming and outgoing rays and
determine the focal length of the lens. By convention, the focal length is measured from the center
of the lens at its thickest point.

Rotate the lens by 180°. Does this change the focal length? Try rotating the lens, say, 20-30°.
Does this change the focal length? Is the focal point as well defined, that is do the rays intersect as
closely to a single point? Discuss and explain in each case. Use diagrams liberally.

Block two of the incoming rays on one side of the lens. Does blocking two rays change how
the remaining rays focus? If you were given just half a lens, would it focus light properly? Ex-
plain.

Summary

Summarize your results and make any final conclusions.

Before you leave the lab please:
Straighten up your lab station.
Report any problems or suggest improvements to your TA.




