
 
                 Final Exam information 
 
•  Wednesday,  June 6, 2012, 9:30 am - 11:18 am 
 
•  Location: in recitation room 
 
•  Comprehensive (covers all course material) 

•  35 multiple-choice questions --> 175 points 

•  Closed book and notes 

•  Make up your own equation sheet (same rules as midterm) 



26.2 Snell’s Law and the Refraction of Light 
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Because light from the chest is 
refracted away from the normal 
when the light enters the air, the 
apparent depth of the image is less 
than the actual depth. 

Simpler case -- look directly above  
the object. 

n1 -- medium of object   n2 -- medium of observer 



26.2 Snell’s Law and the Refraction of Light 

Example. On the Inside Looking Out 
 
A swimmer is under water and looking up at the surface.  Someone 
holds a coin  in the air, directly above the swimmer’s eyes at a distance 
of 50 cm above the water. Find the apparent height of the coin as seen 
by the swimmer (assume n = 1.33 for water). 
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In this case, d’ will be the apparent height of the coin, d is the actual  
height above the water, n1 = 1.00 for air (object), and n2 = 1.33 for  
water (the observer), 
 
d’ = (50)(1.33/1.00) = 66.5 cm  è  greater than the actual height 



26.2 Snell’s Law and the Refraction of Light 

THE DISPLACEMENT OF LIGHT BY A SLAB OF MATERIAL 

When a ray of light passes 
through a pane of glass that 
has parallel surfaces and is 
surrounded by air, the 
emergent ray is parallel to 
the incident ray, θ3 = θ1, 
but is displaced from it. 

1st interface:  n1 sin θ1 = n2 sin θ2 
 
2nd interface:  n2 sin θ2 = n1 sin θ3 
 
è n1 sin θ1 = n1 sin θ3  è θ3 = θ1 



26.3 Total Internal Reflection 

When light passes from a medium of larger refractive index into one 
of smaller refractive index, the refracted ray bends away from the  
normal. 

Critical angle 21
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n1 sin θ1 = n2 sin θ2 n1 sin θc = n2 sin 90o
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For this water/air interface:    sin θc = 1.00/1.33 = 0.752  è  θc = 48.8o 

For θ1 > θc the ray 
is totally reflected 



26.3 Total Internal Reflection 

Example.  Total Internal Reflection 
 
A beam of light is propagating through diamond and strikes the diamond-air 
interface at an angle of incidence of 28 degrees.  (a)  Will part of the beam 
enter the air or will there be total internal reflection?  (b) Repeat part (a)  
assuming that the diamond is surrounded by water. 



26.3 Total Internal Reflection 
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θ1 > θc   è  ray is totally reflected back into the diamond 

Incident angle in diamond = θ1 = 28o 

θ1 < θc  è  some light is reflected back into the diamond and 
some light is transmitted into the water 



26.3 Total Internal Reflection 

Conceptual Example.  The Sparkle of a Diamond 
 
The diamond is famous for its sparkle because the light coming from 
it glitters as the diamond is moved about.  Why does a diamond  
exhibit such brilliance?  Why does it lose much of its brilliance when 
placed under water? 

As seen in the last example, θc is relatively small for the diamond in air 
so much of the light incident on its back surface reflects back through the 
top of the diamond, making it sparkle. In water θc is larger so less 
light is reflected through the top, reducing its sparkle. 



26.3 Total Internal Reflection 

Total internal reflection at a glass-air interface.  
 
Since n = 1.5 for glass, at a glass-air interface the critical angle is 
 
               sin θc = n2/n1 = 1.00/1.5 = 0.667  è  θc = 42o  
 
This can be used to turn a ray of light through an angle of 90o or 180o 
with total internal reflection using a prism of glass and keeping θ1 = 45o 
   è useful in the design of optical instruments. 
 
Two prisms, each reflecting the light twice by total internal reflection, are 
Sometimes used in binoculars to produce a lateral displacement of a 
light ray. 



26.3 Total Internal Reflection 

Total internal reflection in optical fibers.  

Light can travel with little loss in a curved optical fiber made of glass or  
plastic (“light pipe”) because the light is totally reflected whenever it strikes  
the core-cladding Interface and since the absorption of light by the core  
itself is small. 
 
Using optical fibers, light can be piped from one place to another for  
many applications, e.g. telecommunications. 



Example. An optical fiber consists of a core made of flint glass 
(nflint = 1.667) surrounded by a cladding made of crown glass 
(ncrown = 1.523). A ray of light in air enters the fiber at an angle 
θ1 with respect to the normal.  
 
What is θ1 if this light also strikes the core-cladding interface at an  
angle that just barely exceeds the critical angle? 



Strategy:  
•  find θc using the known ncore and ncladding 
•  find θ2 using θc and geometry 
•  find θ1 from θ2 , ncore and Snell’s Law 

ncladding = ncrown = 1.523 
 
ncore = nflint = 1.667 

sin θc = ncladding/ncore = 1.523/1.667 = 0.9136 è θc = 66.01o 
 
From figure, since right triangle è θ2 = 90o - θc = 90o - 66.01o = 23.99o 
 
Using Snell’s Law at the air-core interface  è  nair sin θ1 = ncore sin θ2 
 
(1.000) sin θ1 = (1.667) sin 23.99o  è  sin θ1 = 0.6778 è θ1 = 42.67o 



26.6 Lenses 

Lenses refract light in such a way that an image of the light source is 
formed. 

With a converging lens, paraxial rays that are parallel to the principal 
axis converge to the focal point, F. The focal length, f, is the distance 
between F and the lens. 

Two prisms can bend light 
toward the principal axis acting 
like a crude converging lens but 
cannot create a sharp focus. 

Converging and diverging lenses. 



26.6 Lenses 

With a diverging lens, paraxial rays that are parallel to the principal 
axis appear to originate from the focal point, F. The focal length, f, is  
the distance between F and the lens. 
 

Two prisms can bend light 
away from the principal axis  
acting like a crude diverging 
lens, but the apparent focus 
is not sharp. 



26.6 Lenses 

Converging and diverging lens come in a variety of shapes depending 
on their application. 
 
We will assume that the thickness of a lens is small compared with its 
focal length è Thin Lens Approximation 


