
Do	you	want	to:		

• Explore	problems	in	the	healthcare	industry?		
• Develop	innovative	software	or	hardware	solutions?		
• Use	your	skills	for	social	good?		
• Work	in	a	team?		

• Then	Hack4Health	is	for	you!	Hack4Health	is	a	48	hour	non-traditional	
hackathon	aimed	towards	improving	the	quality	of	life	for	those	affected	by	
Alzheimer’s	or	Multiple	Sclerosis	with	over	$40,000	in	prizes!	

• 	Come	out	Nov.	4-6	to	get	innovative	and	get	involved!	

• Visit	uwaterloo.ca/hack4health/	to	register	and	for	more	information.

Hey	Math	Students!





Physical principles

Simplifying assumptions

Conservation of energy 
Linearity of reflection

No global illumination 
Light is achromatic

Local Illumination









Given light intensity   , what is the 
measured reflectance             ? 



Step 1: Lambertian Reflection





: diffuse reflectance of surface (aka albedo)



We don’t necessarily receive all of the light’s 
energy (  ) at the surface!





: incoming light energy

: energy received at surface











Material Light
Geometry



Step 1b: Attenuation

: attenuation due to light rays spreading out



Point lights:

Directional lights:



Step 2: Specular Reflection





Angle of incidence equals angle of reflection











Shininess



Alternatively…





Multiple lights
Use linearity of reflection!

Coloured lights
Treat intensities as RGB triples, add and multiply 
pointwise.



Step 3: Ambient Reflection

Define a global ambient light     . 



Phong Illumination

Blinn-Phong Illumination


