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Mirror Reflection

● Mirror reflections are a signature of ray tracing
– Shiny objects

● Glass
● Metal

– Multiple reflections may occur
● Occurs naturally in ray tracing
● Requires tracing ray through

 multiple bounces
● Adds significant effort



   

Conservation of Energy

● Mirrors reflect almost all the energy
● Retains beam geometry



   

Number of Reflections

● 0 dull
● 1 “simple” mirror
● >1 “hall of mirrors”
● Effort grows with 

number of bounces



   

Hall of Mirrors
(Showcases Ray Tracing)



   

Mirror vs Glossy Reflection

● Mirror reflections are “perfect”
● Glossy reflections are “imperfect”

– Reflected ray = 2(N• V)N –  V + 

– Super­sample for many values of  



   

Degrees of perfection



   

Simple Transparency

● Light passes through objects
● Light changes through object

– Rays are bent
– Colors are changed

● Rays multiply
– Reflected
– Transmitted



   

Refreaction
● Index of refraction  = c/v

– Vacuum 1
– Air 1.0003
– Water 1.33
– Glass 1.5
– Diamond 2.42

● Snell's law

– sin
i
 /sin

t
  = 



   

Media Transitions

● Direction of bend 
depends on whether 
the refrection index 
increases or decreases
– Air  is very low

– Angles decrease into 
liquids

– Angles increase out of 
liquids



   

Internal reflections

● Critical angle
– Refraction bends ray 

back into medium

● Higher  contrast 
causes larger critical 
angle
– That is why diamonds 

are so sparkly 



   

Transparency require bifurcating rays



   

Objects Appearance

● Object inside other material
– Objects are magnified when 

not viewed parallel to the 
normal

– Object's apparent position is 
displaced

● Objects on other side
– Objects apparent position is 

displaced



   

Distortion by Glass Spheres

● Sphere as a lens

● Eye position is 
critical ``



   

Light movement through sphere

● Magnification

● Internal reflection



   

Realistic Transparency

● Three 's
– Air
– Glass
– Water

● Colored liquid
● Beveled edges

– Glass
– Meniscus

● Mixed transparency
– Foam is opaque



   

Reflectance and Attenuation



   

Multiple Internal Reflections



   

Colored Beaker



   

The Fish Bowl

● Making it real
– Complex shape
– Three media
– Colored media
– Beveled edges

● Challenges
– Multiple relfections
– Refraction



   



   

Adding Textures

● Per pixel modification of 
surface appearance

● Use texture coordinates 
to map textures to 
objects
– When ray tracing, you 

have to do this yourself
● Textures modify ray 

color on each bounce



   

Caustics



   

Building a Ray Tracer in C++
● Base classes

– Ray
– Object
– Light
– Material

● Derived Object Classes
– Sphere
– Cube
– Triangle
– Triangle Mesh



   

Object Class

● Type of object
– Implicit Surface

● Sphere
● Torus, cylinder, cube, ...

– Compound objects
● Triangular mesh

● Intersection with a ray
– Point of intersection
– Normal
– Textures, etc



   

Virtual Methods

● Base class
– hit
– sample
– color

● Each object class overrides the base class


