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Table 1. The law of refraction

Angle of incidence §

Angle of reflection 9

Angle of reflection 4,

Average angle of reflection
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- Table 2. The law of refraction
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" REFLECTION AND “
REFRACTION OF LIGHT

Objectives

To experimentally confirm the laws of reflection and refraction (Snell’s Law). To determine the angle of the total
internal reflection and the index of refraction.

Equipment

1. Optics bench 5. Flashlight

2. Light source 6. Slit mask

3. Ray table and base 7. Ray optics mirror

4. Slit plate © 8. Acrylic cylindrical lens

Theory

In view of modern physics light must to be regarded as a having dual nature- light exhibits the characteristics of a wave
in some situations and the characteristics of a particle in other situations.  Bellow we investigate the wave
nature(geometric —ray optics, physical optics) of light. In geometric-ray optics, a wave moving through a medium
travels in a straight line in the direction of its rays. For example the path of a laser beam can be represented as example
of singie ray.

When light strikes the surface of a transparent medium, which optical density differs from the medium in
which it is traveling, the light is in general partly reflected and partly refracted (transmitted) and absorbed. If the second
medium is not transparent, such as mirror, the light is just reflected and absorbed by this medium. The direction of the
travel of a reflected light beam depends on the roughness of the reflecting surface relative to the wavelength of the
reflected light. If the light is incident on a rough surface, the reflected light travels in many directions as shown in Fig.1
This is called diffuse reflection and occurs if the irregularities in the surface are about the same size as or larger than the
wavelength of the light striking the surface.
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Fig.1. Diffuse reflection. Fig.2. Specular reflection.

When a ray of light strikes a plane mirror, the light ray reflects off the mirror changes its direction of travel. By
convention, the direction of a light ray is expressed as the angle the light ray makes with a line normal (perpendicular) to
the surface, as illustrated on Fig. 2.

The reflection of the light from a surface, irregularities of which are smaller than the wavelength of the light, is
lled specular reflection. Examples are the reflection of the light from a mirror or polished surface. The direction of the
nt and reflected rays for specular reflection are shown in Fig.2. A line perpendicular to the surface at the point
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where the incident ray strikes the surface is called a normal line, or, more simply, normal to the surface. The angle =

that the incident ray makes with the normal line is the angle of incidence. The angle 6, that the reflected ray makes witn

the normal line is the angle of reflection. Experimental studies of the directions of the incident and reflected rays lead to
the following conclusions:

The incident ray, the normal line, and the reflected ray all lie in the same plane.
The angle of incidence is equal to the angle of reflection.
0, =0,

When a light ray strikes a boundary between two transparent media, such as that between air and water, the
direction of light ray changes permanently at the interface. This bending of light rays is called refraction. Tie refraction
is caused by the change in the speed of light as it passes from one medium to another. As 6, reflection, the angle of

incidence @ is taken a reference to a normal line, as in Fig.3. The ray in the second medium is the refracted ray. The

angle of refraction @, is the angle between refracted ray and the normal line.

Tie refraction is caused by the change in the speed of light as it passes from one medium to another. The index of
refraction, n, of a transparent medium is the ratio of the speed of light in a vacuum c, to the speed of light in the
medium:

c
n== ©)
v

In general, a ray is refracted toward the normal when it passes into a denser medium and away from the normal when it
passes into a less dense medium, as illustrated (Fig.3).
The law of refraction relates the angle of incidence to the angle of refraction.The law was discovered by Willebrord
Snell and states:

e The insident ray, the normal line and the refracted ray all lie in the same plane.

e of th

e The ratio of the sine of the angle of incidence to the

gle of i e angle of refraction, is equal to the ratio of

1s eq

the speed of light in the original medium, v;, to the speed of light in the refracting medium, v,:

_sind,
v, n, sing 3)

or

n,sing =n, sin 3,

If one of the materials has a higher index of refraction than another one, then it is known as the more optically dense
of the two. The medium with a lower index of refraction is called the less optically dense of the pair. When light
passes from a more optically dense medium with #, in to less optically dense medium with 7,, increase the angle of

incidence ., the angle refraction also increases and at some particular angle of incidence ., called the critical angle,

c

the refracted ray moves parallel to the boundary and the angle of the refraction 9, =90°(Fig. 4). And law of
refraction (3) becomes

. - ano
msing, =n,sin90" =n,,

sin & = L (form >n,) 4
n
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PROCEDURE
PART 1.

The Law of Reflection

a). Set up the equipment as shown in Fig.5. Adjust the Slit plate and the Slit mask so that only one light ray is passing
through them and striking the Ray table. By moving the holder with the slit plate and the slit mask about ~10 ¢cm from the
light source..

b). Rotate the Ray table (with the degree scale side up) until the ray of light from the Light source is aligned with the
arrows labeled "Normal”.

c). Align the flat side of the Ray optics mirror along the line labeled "Component With components properly placed, the
incoming light ray is striking the flat surface of the mirror at a 90° angle.

d). Rotate the Ray table and notice that the angles of incoming and reflected light rays could be measured with respect to
the "Normal" axis. Record the data in Table 1.

e). Rotate the Ray table clockwise and set the angle of incidence 9; to the angles in Table 1 and at each step record the
angle of reflection 9,. Repeat the same measurements by rotating the Ray table counterclockwise for the same set of the
angles of incident and record the reflected angle 9,,. Record the data in Tablel.
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Part 2.

The Law of Refraction

1. Set up the equipment as shown in Fig.6.

2. Place the Acrylic cylindrical lens on the Ray table so that the incoming light ray is striking its flat
surface. Align the flat side of the Acrylic cylindrical lens along the line labeled "Component". To
accomplish setting, adjust the position of the cylindrical lens that the incoming and refracting light rays
pass directly along the "Normal".

cylindrical lens

Fig.6. Setup for the law of refraction

Rotate the Ray table clockwise and set the angle of incidence 9 to the angles in Table 2 and at each step record
the angle of refraction ., . Repeat the same measurements by rotating the ray table counterclockwise for the
same of the angles of incident side and record the refracted angle J... Record the data in Table 2.1.
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Part 2. Critical angle and total Internal reflection

1. Align the flat side of the Acrylic cylindrical lens along the line labeled "Component" so that incoming
light ray is striking its cylindrical surface.

Incident ray 7. Setup for a total internal

refraction

~refracted ray

2. Rotate the Ray table until refracted ray completely disappears and only reflected ray is visible. Record the angle
of incidence Z. in Table 3.

Calculations and Analysis

Find the average angle of reflection 4. Using data from Table L, plot a graph of & versus &, What is the slope of
the graph? Make conclusions about Law of Reflection.
d the average angle of refraction 8. Using data from Table 2, piot graphs of sin 3,; versus siniz; for the acrylic
Find the slope of the graph, which is the index of refraction # for the acrylic.
- -ompare the measured value for the index of refraction with the standard value by computing the percent error
< Find the index of refraction 1 the acryl from the data in Part 3 using equation

Questions:

i ) is the critical angle Jor the light emerging from glass into gir?
You are looking through an aquarium at the fish, is the Jish as close as it appears? Explain by
using ray diagram.





