
Ray Tracing, Radiometry, & 
Photometry

Computer Graphics and Imaging
UC Berkeley CS 184/284A

Discussion 06



Week 6 Announcements

● Homework 2 is due on Tuesday 3/4.

○ As a whole, you have 8 slip days that are automatically applied.

○ Attend Homework 2 Parties! Please 🥺
● Updated discussion times.

● Participation tracker released on Gradescope.



Ray Triangle Intersection



Last week: Ray-Plane Intersection



Ray Triangle Intersection

But meshes are made of triangles, so 

we need ray-triangle intersection!
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Last week:



Ray Triangle Intersection



Ray Triangle Intersection Derivation
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Acceleration Structures



Acceleration Structures Motivation

● Meshes can be made of hundreds of 

thousands of triangles.

● We sample at least one ray per pixel. 

(Imagine a 4K = 3840x2160 TV.)

● Calculating intersections can quickly 

get expensive!
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Sneak Peek

In the next assignment, you will be able to render images like these!
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Idea: Bounding Volume Hierarchy

Internal nodes:

1. Bounding box.

2. Reference to children.
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Idea: Bounding Volume Hierarchy

Internal nodes:

1. Bounding box.

2. Reference to children.
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Leaf nodes:

1. Bounding box.

2. List of primitives in the box.



Worksheet Question 2



21



22

split this 
side
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split this 
side
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There are 2 valid splits!
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We’ll just consider this one.
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● It’s fine if these bounding boxes intersect!
● Key idea: we have partitioned objects into disjoint sets.
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Using a Bounding Volume Hierarchy
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Using a Bounding Volume Hierarchy
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Using a Bounding Volume Hierarchy
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Using a Bounding Volume Hierarchy
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Using a Bounding Volume Hierarchy

37



Using a Bounding Volume Hierarchy
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Using a Bounding Volume Hierarchy
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Using a Bounding Volume Hierarchy
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Using a Bounding Volume Hierarchy
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Using a Bounding Volume Hierarchy
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Using a Bounding Volume Hierarchy
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Using a Bounding Volume Hierarchy
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Using a Bounding Volume Hierarchy
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https://www.geogebra.org/3d/umn78ybr 

https://www.geogebra.org/3d/umn78ybr


2.2. Using a Bounding Volume Hierarchy

Hint: Axis-aligned ray-plane intersection equation
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2.2. Using a Bounding Volume Hierarchy
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2.2. Using a Bounding Volume Hierarchy
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2.2. Using a Bounding Volume Hierarchy
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Radiometry & Photometry



Radiometry

Flux (Power) is 
measured in Watts.
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Radiometry

Flux (Power) is 
measured in Watts.

Radiant intensity is 
flux per solid angle.

Irradiance is flux per area.

Radiance is flux per 
area per solid angle.

AKA brightness!



Radiant flux is energy 
received per time. 
Watts.



Radiant (luminous) flux 
is energy received per 
time. Watts (lumens).

Photometry mirrors radiometry but adjusts 
for human vision.



Radiant (luminous) 
intensity is flux per solid 
angle. W/sr (candela).

Radiant (luminous) flux 
is energy received per 
time. Watts (lumens).
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Radiant (luminous) 
intensity is flux per solid 
angle. W/sr (candela).

Irradiance is flux per area.
W/m2  (lux).

Radiant (luminous) flux 
is energy received per 
time. Watts (lumens).
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Radiant (luminous) 
intensity is flux per solid 
angle. W/sr (candela).

Irradiance is flux per area.
W/m2  (lux).

Radiant (luminous) flux 
is energy received per 
time. Watts (lumens).

n l
θ Lambert’s cosine law

Radiance is flux per 
area per solid angle. 
W/(sr m2)  (nit).

Photometry mirrors radiometry but adjusts 
for human vision.



3.1. Radiometry Definitions and Relations
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3.1. Radiometry Definitions and Relations
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3.1. Radiometry Definitions and Relations



3.1. Radiometry Definitions and Relations
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Solid Angle

67



Solid Angle

68



Solid Angle

69

Approximate dA as 
a rectangle!



Solid Angle
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How do we 
approximate?



Solid Angle
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How do we 
approximate?



Solid Angle
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How do we 
approximate?

θ dθ

r

r dθ



Solid Angle
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How do we 
approximate?



Solid Angle
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How do we 
approximate?



Solid Angle
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How do we 
approximate?

φ dφ

r sin θ

r sin θ dφ



Solid Angle
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Worksheet Question 4.1



4 Shedding Some Light
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4 Shedding Some Light
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3.2. Solid Angle
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Approximate this value
as a rectangle.

Recall the arclength of a 
circle: L = r · 𝜃

What’s the radius 
of this circle?

What’s the radius 
of this circle?



3.2. Solid Angle
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Lambert’s Cosine Law
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Definition: The radiance (luminance) is the power 
emitted by a surface, per unit solid angle, per unit 
projected area.
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Light Emitted 
By A Surface

“Surface Radiance”



Units Summary



Units Summary



Units Summary
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A scales as R2, so E(x) 
decreases as R increases.



Units Summary



Units Summary



Worksheet Question 4.2



4.2 Irradiance Calculation
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4.2 Irradiance Calculation
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Irradiance is power/area:
2πr2
Φ cos(Ө)



4.2 Irradiance Calculation
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Irradiance is power/area: 

What do we know?
2πr2
Φ cos(Ө)



4.2 Irradiance Calculation
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Irradiance is power/area: 

What do we know?
Φ = 100 W

What do we not know?

2πr2
Φ cos(Ө)



4.2 Irradiance Calculation
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Irradiance is power/area:  

What do we know?
Φ = 100 W

What do we not know?
r, Ө

2πr2
Φ cos(Ө)



4.2 Irradiance Calculation
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Irradiance is power/area:  

Use the Pythagorean Theorem
r = (62 + 82)½ = 10

This is r !

2πr2
Φ cos(Ө)



             =

4.2 Irradiance Calculation
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Irradiance is power/area:  

Cosine angle between surface normal 
and the light position is given by the dot 
product of normalized vectors:
cos(Ө) = (6, 0, 8)/10 · (1, 1, 1)/√3
 

10√3
14

2πr2
Φ cos(Ө)

normal

Ө



    =                     

4.2 Irradiance Calculation
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Irradiance is power/area: 

E =                     
2πr2
Φ cos(Ө)

2πr2
Φ cos(Ө)

2π(10)2
 100

10√3
14 W/m2

    =                     
10π√3
   7 W/m2
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1

Light 
Source

Surface 1:
Irradiance = E
Solid Angle = w

Surface 2:
Irradiance = E / r2

Solid Angle = w / r2

r

How does radiance 
change with 
distance?

Hint:

1. The light source 
emits uniform flux.

2. With irradiance E 
and solid angle w at 
surface 1, what are 
these values at the 
surface 2?
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1

Light 
Source

Surface 1:
Irradiance = E
Solid Angle = w

Surface 2:
Irradiance = E / r2

Solid Angle = w / r2

r

Since L = dE / dw 
(cos θ = 1 here), the 
radiance at the two 
surfaces is the 
same.

Radiance does not 
change with 
distance.
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Let’s Take Attendance.

● Be sure to select Week 6 and input your TA’s secret word 😉
● Any feedback? Let us know! 


