








Chapter 5  Let Us Entertain You
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Physics Words
critical angle: 
the angle of 
incidence, for a light 
ray passing from one 
medium to another, 
that has an angle 
of refraction of 90°.

total internal 
reflection: 
a phenomenon in 
which the refracting 
medium acts like a 
perfect mirror and the 
reflected light stays 
inside the medium.

Snell’s law states that as light enters a substance such as acrylic (high 
index of refraction) from air (low index of refraction), the light bends 
toward the normal. When light leaves a substance such as acrylic (high 
index of refraction) and enters the air (low index of refraction), it 
bends away from the normal. The larger the difference in the index of 
refraction for the two materials, the larger the difference between the 
angle of incidence and the angle of refraction.

If the light is entering material such as air (with a low index of refraction) from 
a substance with a higher index of refraction, the angle in that substance may 
be such that the angle of refraction is 90°. In this special case, the angle in the 
substance is called the critical angle. If the angle in the substance is greater than 
this critical angle, then the light does not enter the air but reflects back into 
the substance as if the surface were a perfect mirror. This is the basis for optical 
fibers in which laser light reflects off the inner walls of glass or plastic and 
travels down the fiber, regardless of the bend in the fiber.

You noticed in the investigation at every air-glass interface, some of the light 
was reflected and some of the light was refracted. The exception to this was the 
light’s angle of incidence was greater than the critical angle. In this case, all of 
the light was reflected back into the glass. The result is total internal reflection.

It turns out that the index of refraction is also related to the speed 
with which light travels in vacuum and also to the average speed with 
which light travels through the material. The 
relationship is expressed as 

index of refraction
speed of light in vacuum=

sspeed of light in the material

The speed of light in a vacuum is 2.99 � 108 

m/s, a very high speed! In fact, it is the fastest 
speed that anything can attain.

Checking Up
1. Why do light rays 

bend when they 
travel from one 
substance to 
another? 

2. Explain how you 
can measure a 
diamond’s index of 
refraction.

3. Explain Snell’s law.
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Section 8  Refraction of Light
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Using Snell’s Law to Analyze 
Your Investigate Data
The law of refraction (Snell’s law) can be 
expressed in mathematical terms. The 
expression involves the trigonometric sine 
of the angle of incidence (θi ), the sine of 
the angle of refraction (θr), and the index 
of refraction of each of the two materials.
This relationship can be mathematically 
expressed as 
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 1. Using your data from this section, find 
the sine of the angles using a calculator. 
(Use the SIN button and be sure the 
calculator is set for angles in degrees.)

 2. For each angle of incidence and angle 
of refraction pair, calculate the ratio 
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 3. According to the law of refraction, this 
ratio should be the same for all pairs of 
angles. The ratio should equal the ratio 

of the two indexes of refraction n
n

r

i

. 

Does this relationship work for your
combination of air and acrylic?

What Do You See Now?

The cartoon at the beginning of Section 8 shows how a person can see a fish 
behind a rock due to the bending of light. In the cartoon, the arrow shows the 
direction the person is looking. The light actually travels from the fish to the 
person’s eye. Should the cartoonist reverse the arrow? 

What Do You Think Now?
At the beginning of the section, you were asked the following:

• How can a jeweler tell the difference between a diamond and cut glass? 

Now that you know how refraction occurs, what would be different between 
diamond and cut glass to allow a jeweler to recognize a diamond? How does 
your answer relate to Snell’s law and critical angles?
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