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35.4  analysis Model: Wave  
Under reflection 

When a light ray traveling in one medium encounters 
a boundary with another medium, part of the incident 
light is reflected. 

The Texture of a Surface Affects how it Reflects Light 

The manner in which light is reflected from a  

surface depends on the surface’s smoothness.  

•  Specular reflection 

• Diffuse reflection 



Specular Reflection   

 



Diffuse Reflection  

 

 

 



Consider a light ray traveling in air  

and incident at an angle on a flat,  

smooth surface as shown.  

The incident and reflected rays  

make angles 𝜃 and 𝜃~
  respectively,  

where the angles are measured  

between the normal and the rays.  

(The normal is a line drawn perpendicular to the 
surface at the point where the incident ray strikes the 
surface.)  

The Law of Reflection  



The Law of Reflection  

Experiments and theory show that the angle of  

reflection equals the angle of incidence: 

 

 

angle of incoming light ray = angle of reflected light ray  

This relationship is called the law of reflection. 





Solution 35.2 



35.5  Analysis Model: Wave Under 
Refraction 

when a ray of light traveling 

 through a transparent medium  

encounters a boundary leading  

into another transparent  

medium as shown,  

part of the energy is reflected  

and part enters the second  

medium. 





The ray that enters the second medium changes its 
direction of propagation at the boundary and is said 
to be refracted.  
The angle of refraction,𝜃2, depends on the properties 
of the two media and on the angle of incidence 𝜃1 
through the relationship 
 
 
 
 
where  𝑣1is the speed of light in the first medium and 
𝑣2is the speed of light in the second medium. 
 
 



Index of Refraction 

In general, the speed of light in any material is less 
than its speed in vacuum. In fact, light travels at its 
maximum speed c in vacuum. It is convenient to 
define the index of refraction n of a medium to be 
the ratio 

 



 Snell’s law of refraction. 

•  We are now in a position to express  

 in an alternative form.  

 

• replacing the 𝑣2 𝑎𝑛𝑑 𝑣1 term with 
c

𝑛2
 and 

c

𝑛1
   

• gives  

 

 

•  it is therefore known as Snell’s law of refraction 



A light ray of wavelength 589 nm traveling through air 
is incident on a smooth, flat slab of crown glass 𝑛𝑔= 

1.52 at an angle of  30.0° to the normal. 

(A)   Find the angle of refraction. 

Rearrange Snell’s law of refraction to find sin 𝜃2: 
𝑛1 sin 𝜃1 = 𝑛2 sin 𝜃2 

sin 𝜃2 =
𝑛1

𝑛2
sin 𝜃1 =

1

1.52
sin 30° 

sin 𝜃2= 0.329       →     𝜃2 = sin−1 0.329 = 19.2° 

(B) Find the speed of this light once it enters the glass. 

𝑣 =
𝑐

𝑛
=

3×108

1.52
= 1.97 × 108 m/s 





35.8  Total Internal Reflection 

Total  internal  reflection  can  occur  when  light  is  

directed from a medium having a given index of refraction 
toward one having a lower index of refraction. 

 

 

Optical Fibers 

An interesting application of total internal reflection is  

the use of glass or transparent plastic rods to “pipe” light 
from one place to another. 

 





35.8  Total Internal Reflection 

• Consider  a light ray travels in medium 1 and meets 
the boundary between medium 1 and medium 2, 
where 𝑛1  is greater than 𝑛2 .  

• In the figure, labels 1 through 5 indicate various 
possible directions of the ray consistent with the 
wave under refraction model. The refracted rays are 
bent away from the normal because 𝑛1  is greater 
than 𝑛2 .  

• At some particular angle of incidence 𝜃𝑐 , called the 
critical angle, the refracted light ray moves parallel 
to the boundary so that 𝜃2 = 90°  

 



35.8  Total Internal Reflection 

•  For angles of incidence greater than 𝜃𝑐 , the ray is 
entirely reflected at the boundary as shown by ray 5. 

 

• We can use Snell’s law of refraction to find the 
critical angle  when 𝜃1  = 𝜃𝑐 𝑎𝑛𝑑 𝜃2 = 90° 

 



Find the critical angle for an air–water boundary. 
(Assume the index of refraction of water is 1.33.) 

 

 

 



Summary 

•  The index of refraction n  

• Wave Under Reflection.  

• The law of reflection  

• Wave Under Refraction 

•  Snell’s law of refraction 

•  Total internal reflection  



The End 


