
Computer Graphics
Lecture 9


Light Sources 
Diffuse Shading



Announcements
• Monday and Tuesday flipped (videos are 

posted):


• 3 videos on mirrors, gloss, and shadows for Monday


• 2 videos on ray-triangle intersection for Tuesday



Artifact voting 
opens at after 
class 

Cast your vote 
by Sunday 
night!



Announcements
• Some A1 stats:


• Time since release: 4 days


• Time to deadline: 5 days


• Office hours remaining before deadline: 3


• A1 questions in office hours so far: 0


• Pairs that have created a repository: 8


• Pairs that have made any commits to their repo: 0



Goals
• Understand the definition of point and 

directional light sources.


• Know how to calculate diffuse shading for 
Lambertian surfaces.



Ray Tracing: Pseudocode
for each pixel:

    generate a viewing ray for the pixel

    find the closest object it intersects

    determine the color of the object



Ray-Sphere: Code Sketch
function ray_intersect(ray, sphere, tmin, tmax):

• Use last lecture's math to find 


• If no real solutions, return nothing


• Otherwise, return closest t that lies between tmin and 
tmax

• Also return info needed for shading - store in a 
HitRecord struct.

±t

In A2: t, intersection point, normal, texture coordinate, object



Ray-Sphere: Code Sketch
function ray_intersect(ray, sphere, tmin, tmax):

Why tmin and tmax?

p
d
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Ray-Sphere: Code Sketch
function ray_intersect(ray, sphere, tmin, tmax):

Why tmin and tmax?

p
d

(valid )t



Ray-Sphere: Code Sketch
function ray_intersect(ray, sphere, tmin, tmax):

Why tmin and tmax?

p
d

(valid )t

(invalid )t



Ray Tracing: Code Sketch
scene = model_scene()

for each pixel (i,j):

   ray = get_view_ray(i, j)

   canvas[i,j] = traceray(scene, ray, tmin, tmax)



Ray Tracing: Code Sketch
scene = model_scene()

for each pixel (i,j):

   ray = get_view_ray(i, j)

   canvas[i,j] = traceray(scene, ray, tmin, tmax)

function traceray(scene, ray, tmin, tmax):

   t, rec = ray_intersect(ray, scene, tmin, tmax)

   if rec != nothing:

     canvas[i,j] = rec.obj.color

   else:

     canvas[i,j] = scene.bgcolor



Ray Tracing: Code Sketch
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   ray = get_view_ray(i, j)

   canvas[i,j] = traceray(scene, ray, tmin, tmax)

function traceray(scene, ray, tmin, tmax):
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Ray Tracing: Code Sketch
scene = model_scene()

for each pixel (i,j):

   ray = get_view_ray(i, j)

   canvas[i,j] = traceray(scene, ray, tmin, tmax)

function traceray(scene, ray, tmin, tmax):

   t, rec = ray_intersect(ray, scene, tmin, tmax)

   if rec != nothing:

     canvas[i,j] = rec.obj.color

   else:

     canvas[i,j] = scene.bgcolor

Let's work on this.



Shading
What does the color of a pixel depend on?



Shading
What does the color of a pixel depend on?

Try to think beyond matte gray spheres.


Wood? Velvet? Hair? Brushed stainless steel? Glass? Wax?



Shading
What does the color of a pixel depend on?


• surface normal


• surface properties (color, shininess, ...)


• eye direction


• light direction (for each light)



Shading
What does the color of a pixel depend on?


• surface normal


• surface properties (color, shininess, ...)


• eye direction


• light direction (for each light)

stored in or calculated from object

stored in 
object

calculated from viewing ray and 
intersection point 

calculated from light and 
intersection point 



Light Sources
• Where does light come from?


• Two simple kinds of sources:


• point source: defined by a 3D position


• directional source: defined by a 3D direction vector


• ...many other possibilities!



Point and Directional Lights



Shading
What does the color of a pixel depend on?


• surface normal


• surface properties (color, shininess, ...)


• eye direction


• light direction (for each light)

stored in or calculated from object

stored in 
object

calculated from viewing 
ray and intersection point 

calculated from light 
and intersection point 

Problems 1-2: calculated how?



Problems 1-2: 
Eye Direction and Light Direction

Given a viewing ray ( ) and the  at which it intersects a 
surface,


1. Find a unit vector giving the direction from the surface towards 
the viewer.


2. Find a unit vector giving the direction from the surface 
towards:


• a point light source at position 


• a directional light source with direction 


p + td t

⃗s

⃗ℓ



Diffuse (Lambertian) Reflection

• On a diffuse surface, light scatters 
uniformly in all directions.


• No dependence on view direction.


• Many surfaces are approximately 
diffuse:


• matte painted surfaces, projector screens,


• anything that doesn't look "shiny" 



Diffuse (Lambertian) Reflection

Problem 3



Diffuse (Lambertian) Reflection

Highly recommended reading: 
https://ciechanow.ski/lights-and-shadows/

https://ciechanow.ski/lights-and-shadows/


Diffuse (Lambertian) Reflection

The top face of a cube 
receives some 

amount of light.

Highly recommended reading: 
https://ciechanow.ski/lights-and-shadows/
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Diffuse (Lambertian) Reflection

The top face of a cube 
receives some 

amount of light.

Rotated 60º, the same 
face receives half the 

light.

Highly recommended reading: 
https://ciechanow.ski/lights-and-shadows/
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Diffuse (Lambertian) Reflection

The top face of a cube 
receives some 

amount of light.

Rotated 60º, the same 
face receives half the 

light.

l n
θ

Light per unit area is 
proportional to 
cos ✓ = ~n · ~̀

<latexit sha1_base64="afKoPR9fTwlBuxK5ptXcYSs+KpI=">AAACD3icbVDJSgNBEO2JW4xb1KOXxqB4ChMjLgch6MVjBLNAJoSeTiVp0tM9dNcEwpA/8OKvePGgiFev3vwbJwuixgcFr9+roqueH0ph0XU/ndTC4tLySno1s7a+sbmV3d6pWh0ZDhWupTZ1n1mQQkEFBUqohwZY4Euo+f3rsV8bgLFCqzschtAMWFeJjuAME6mVPfS4ttTDHiCjl9QbAI/ViHq8rXH68kDKUSubc/PuBHSeFGYkR2Yot7IfXlvzKACFXDJrGwU3xGbMDAouYZTxIgsh433WhUZCFQvANuPJPSN6kCht2tEmKYV0ov6ciFlg7TDwk86AYc/+9cbif14jws55MxYqjBAUn37UiSRFTcfh0LYwwFEOE8K4EcmulPeYYRyTCDOTEC7GOP0+eZ5Uj/OFYr54e5IrXc3iSJM9sk+OSIGckRK5IWVSIZzck0fyTF6cB+fJeXXepq0pZzazS37Bef8Chrucfw==</latexit>

Highly recommended reading: 
https://ciechanow.ski/lights-and-shadows/

https://ciechanow.ski/lights-and-shadows/


Diffuse (Lambertian) Shading

• The full model:

diffusely 
reflected light

diffuse 
coefficient

light intensity

Ld = kdImax(0,~n · ~̀)
<latexit sha1_base64="J947lLkTIJqEPbhz/i51mFA60KI=">AAACFnicbVDLSgMxFM3UV62vqks3wSJU0DK14mMhFN0ouKhgH9ApJZO5bUMzmSHJFMvQr3Djr7hxoYhbceffmD4QtR5IODnnXm7ucUPOlLbtTysxMzs3v5BcTC0tr6yupdc3KiqIJIUyDXggay5RwJmAsmaaQy2UQHyXQ9XtXgz9ag+kYoG41f0QGj5pC9ZilGgjNdP7100Pn+Guua+w45O7rL2HnR7QWAywQ71Aj18OcD7YbaYzds4eAU+T/IRk0ASlZvrD8QIa+SA05USpet4OdSMmUjPKYZByIgUhoV3ShrqhgvigGvForQHeMYqHW4E0R2g8Un92xMRXqu+7ptInuqP+ekPxP68e6dZJI2YijDQIOh7UijjWAR5mhD0mgWreN4RQycxfMe0QSag2SaZGIZwOcfS98jSpHOTyhVzh5jBTPJ/EkURbaBtlUR4doyK6RCVURhTdo0f0jF6sB+vJerXexqUJa9KziX7Bev8CTBOdxw==</latexit>



Diffuse (Lambertian) Shading

• The full model:

diffusely 
reflected light

diffuse 
coefficient

light intensity

why max with 0?

Ld = kdImax(0,~n · ~̀)
<latexit sha1_base64="J947lLkTIJqEPbhz/i51mFA60KI=">AAACFnicbVDLSgMxFM3UV62vqks3wSJU0DK14mMhFN0ouKhgH9ApJZO5bUMzmSHJFMvQr3Djr7hxoYhbceffmD4QtR5IODnnXm7ucUPOlLbtTysxMzs3v5BcTC0tr6yupdc3KiqIJIUyDXggay5RwJmAsmaaQy2UQHyXQ9XtXgz9ag+kYoG41f0QGj5pC9ZilGgjNdP7100Pn+Guua+w45O7rL2HnR7QWAywQ71Aj18OcD7YbaYzds4eAU+T/IRk0ASlZvrD8QIa+SA05USpet4OdSMmUjPKYZByIgUhoV3ShrqhgvigGvForQHeMYqHW4E0R2g8Un92xMRXqu+7ptInuqP+ekPxP68e6dZJI2YijDQIOh7UijjWAR5mhD0mgWreN4RQycxfMe0QSag2SaZGIZwOcfS98jSpHOTyhVzh5jBTPJ/EkURbaBtlUR4doyK6RCVURhTdo0f0jF6sB+vJerXexqUJa9KziX7Bev8CTBOdxw==</latexit>



Diffuse (Lambertian) Shading

• The full model:

diffusely 
reflected light

diffuse 
coefficient

light intensity

why max with 0?

Ld = kdImax(0,~n · ~̀)
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~̀
<latexit sha1_base64="12Gpi/zQczofbBnZtFXuH8GEYSE=">AAAB8XicbVDLSsNAFJ3UV62vqks3g0VwVRIVH7uiG5cV7AObUCbTm3boZBJmJoUS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsyZ0rb9aZWWlldW18rrlY3Nre2d6u5eW0WJpNCiEY9k1ycKOBPQ0kxz6MYSSOhz6Pjjm8zvTEAqFol7PY3BC8lQsIBRoo304E6Api5wPutXa3bdzoEXiVOQGirQ7Fc/3EFEkxCEppwo1XPsWHspkZpRDrOKmyiICR2TIfQMFSQE5aX5xTN8ZJQBDiJpSmicqz8nUhIqNQ190xkSPVJ/vUz8z+slOrj0UibiRIOg80VBwrGOcPY+HjAJVPOpIYRKZm7FdEQkodqEVMlDuMpw/v3yImmf1J3T+undWa1xXcRRRgfoEB0jB12gBrpFTdRCFAn0iJ7Ri6WsJ+vVepu3lqxiZh/9gvX+BflNkUA=</latexit>

~n
<latexit sha1_base64="VBSIovnEWUqEdBO+PCwFzt84w3A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqaRW/LgVvXisYD+gDWWznbRLN5uwuymU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0o7zaRVWVtfWN4qbpa3tnd298v5BW4WxpNiiIQ9l1yMKORPY0kxz7EYSSeBx7HiT29TvTFEqFooHPYvQDchIMJ9Roo3U6U+RJmI+KFecqpPBXia1nFQgR3NQ/ugPQxoHKDTlRKlezYm0mxCpGeU4L/VjhRGhEzLCnqGCBKjcJDt3bp8YZWj7oTQltJ2pPycSEig1CzzTGRA9Vn+9VPzP68Xav3ITJqJYo6CLRX7MbR3a6e/2kEmkms8MIVQyc6tNx0QSqk1CpSyE6xQX3y8vk/ZZtVav1u/PK42bPI4iHMExnEINLqEBd9CEFlCYwCM8w4sVWU/Wq/W2aC1Y+cwh/IL1/gW7eY/3</latexit>
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Ld = kdImax(~n · ~̀)
<latexit sha1_base64="UWm/vUObnleImdV+u8NmR87cOts=">AAACE3icbVDLSgMxFM34rPVVdekmWITqokyt+FgIRTcKLirYB3RKyWRu29BMZkgyxTL0H9z4K25cKOLWjTv/xnRaRK0HEk7OuZebe9yQM6Vt+9OamZ2bX1hMLaWXV1bX1jMbm1UVRJJChQY8kHWXKOBMQEUzzaEeSiC+y6Hm9i5Gfq0PUrFA3OpBCE2fdARrM0q0kVqZ/euWh89wz9xX2PHJXc7pA43FEDvUCzROXg5wPtxrZbJ23k6Ap0lhQrJognIr8+F4AY18EJpyolSjYIe6GROpGeUwTDuRgpDQHulAw1BBfFDNONlpiHeN4uF2IM0RGifqz46Y+EoNfNdU+kR31V9vJP7nNSLdPmnGTISRBkHHg9oRxzrAo4CwxyRQzQeGECqZ+SumXSIJ1SbGdBLC6QhH3ytPk+pBvlDMF28Os6XzSRwptI12UA4V0DEqoUtURhVE0T16RM/oxXqwnqxX621cOmNNerbQL1jvXwRAnS0=</latexit>

Diffuse (Lambertian) Shading

For colored objects,        is a 3-vector of R, G, and B reflectances. kd



Problem 4: 
Diffuse Reflection


