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P4.9 Nature of Light
Light interacts with matter by reflection, absorption, or transmission. 

P4.9A Identify the principle involved when you see a transparent object (e.g., straw, a piece of glass) in a clear liquid. 

P4.9B Explain how various materials reflect, absorb, or transmit light in different ways. 

P4.9C Explain why the image of the Sun appears reddish at sunrise and sunset.

P4.8e Given an angle of incidence and indices of refraction of two materials, calculate the path of a light ray incident on the 
boundary (Snell’s Law). 

P4.8f Explain how Snell’s Law is used to design lenses (e.g., eye glasses, microscopes, telescopes, binoculars).
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  Items;

    1- Light, Refraction
    2- Index of Refraction
    3- Snellʼs Law of Refraction
    4- Apparent Depth
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LlGHT, REFRACTION

Light travels through a vacuum at a speed  c = 3.00 x 108 m/s.

Light travels through materials at a speed less than its speed in a vacuum.  
Therefore, light changes its direction as it passes, at an angle, from one medium 
to another.  This is called refraction.
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Example1:  Refraction or Change in Direction Applications;
a)  A straight stick appears bent when partially immersed in water.

b)  The sun appears oval rather than round when it is about to set.

c) The pavement shimmers on a hot summerʼs day. 
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INDEX OF REFRACTION
The index of refraction (n) of a material is the ratio of the speed of light in 
a vacuum (c) to the speed of light in the material (v):

Index of Refraction Formula Index of Refraction of Various Substances

                 or

            v = c / n 
                 or

           c = n x v 
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Example 2:  Refractive Index of a Liquid;
The speed of light in a liquid is 2.25 x 108 m/s.  What is the refractive 
index of the liquid? The speed of light in a vacuum is: c = 3.00 x 108 m/s.  

 Data Table Data Table Data Table

c v n

3.00 x 108 2.25 x 108 ?

n = c / v = 3.00 x 108 / 2.25 x 108 = 1.33

Using the table above (Index of Refraction of Various Substances)        
the liquid is probably water.
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Example 3:  Speed of Light and Medium;
Using the table above (Index of Refraction of Various Substances) 
calculate the speed of light in benzene.
The speed of light in a vacuum is: c = 3.00 x 108 m/s.  
According to the table, the index of refraction of benzene (n) is 1.50

 Data Table Data Table Data Table

c v n

3.00 x 108 ? 1.50

v = c / n =  3.00 x 108/ 1.50= 2.0 x 108 m/s
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Snellʼs Law and the Refraction of Light

When light strikes, at an angle, an interface between two transparent materials, it 
breaks up into two pieces - one reflected and one refracted (transmitted).  

The diagram, shown below, illustrates this phenomena when light passes 
between air the water and shows both partial reflection and refraction.
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 Partial Reflection:  Part of the light is reflected.  The angle of incidence and 
the angle of reflection are equal (θ1). 

The angle of incidence is the angle between the incident ray and the normal at the point of incidence.  
The angle of reflection is the angle between the reflected ray and the normal. 

 Partial Refraction:  The remainder of light is transmitted across the interface 
and change direction. The ray that enter the second material is said to be 
refracted.  The angle of refraction (θ2) is the angle between the refracted ray and 
the normal.
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SNELLʼS LAW OF REFRACTION
Willebrod Snell (1591-1626), a Dutch Mathematician, determined the exact 
relationship between the angle of incidence and the angle of refraction.  
 When light travels from a material with one index of refraction (n1) to a 
 material with a different index of refraction (n2), the angle of incidence (θ1) is 
 related to the angle of refraction (θ2) by:

Snellʼs Law of RefractionSnellʼs Law of Refraction

    

The incident ray, the reflected ray, and the normal to the surface all lie in the same plane.
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a) When light passes from an incident medium of smaller refractive index (air) 
into a medium (water) of larger refractive index (n1 < n2) the refracted ray 
bends closer to the normal (θ2 < θ1).   Example is figure (a) below.

b) When light passes from an incident medium of larger refractive index (water) 
into a medium (air) of smaller refractive index (n1 > n2) the refracted ray bends 
away from the normal (θ2 > θ1).  Example is figure (b) below.

n1 < n2 n1 > n2

Subscript 1 is used for the incident medium, and subscript 2 is normally used for the refracting medium.
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Example 4:  Refraction Through Air/Water Surface
A light ray strikes an air/water surface at an angle of 46 degrees with respect to 
the normal. Find the angle of refraction when the direction of the ray is:

(a) from air to water and 
(b) from water to air.

 Data Table Data Table Data Table Data Table

nair nwater θ1 θ2

1.00 1.33 46o ?

According to Snellʼs law of refraction:

So
sinθ2  = n1 sinθ1  / n2
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a) medium (1) is air (n1 = 1.00).  It has the angle of incidence (θ1).   
medium (2) is water (n2 = 1.33).  It has the angle of refraction (θ2)

 Data Table Data Table Data Table Data Table

n1 or air n2 or water θ1 θ2

1.00 1.33 46o ?

θ2 = sin-1 (0.54) = 33o
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b) medium (1) is water (n1 = 1.33) .  It has the angle of incidence (θ1).   
medium (2) is air (n2 = 1.00).  It has the angle of refraction (θ2)

 Data Table Data Table Data Table Data Table

n1 or water n2 or air θ1 θ2

1.33 1.00 46o ?

θ2 = sin-1 (0.96) = 74o
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Summary;
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APPARENT DEPTH

A sunken chest is viewed from a boat.  The light from the chest is refracted away 
from the normal when it enters the air and then travels to the observer.  
When the rays are extended back into the water, they indicate that an observer 
sees a virtual image of the chest. 
The apparent depth of the image is less than the actual depth.
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Similarly, looking directly above the object at an actual depth d, the object 
appears closer at an apparent depth of dʼ. 

The apparent depth dʼ observed directly above object can be calculated:

n1 refractive index of medium 1, or medium of object,
n2 refractive index of medium 2, or medium of observer,
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Example 5:  Virtual Image of a Fish Observed by Refraction.

Example 6: Depth of a Stream 
A stream may appear to be much shallower than you know it to be. 
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