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3D Math



Welcome!



Next Few Weeks



#👀showoff recap



So… YOU want to make a 3D Game?



What is a vector?
● Sometimes we need more than just one 

number (a scalar) to express a quantity.

● In 2D, we can use a Vector2.
In 3D, a Vector3.

● Godot hides a lot of the complex math in these 
types to make your life easier!

This movie was 14 years ago…



Can represent a point in space,



but also a direction.



What is a vector?
● “A geometric object that has a 

magnitude (or length) and direction.” 
—Wikipedia

● We usually write just the head.
E.g., Vector3(3, 3, 3)

● The tail’s position is always* (0, 0, 0).



What is a vector?



What can we do with vectors?
● Add
● Negate
● Scale
● Find Magnitude (or Length)
● Normalize
● Angle between vectors
● Perpendicular vector between vectors

● Rotate…?



Adding Vectors



Adding Vectors Geometrically



Moving an Object



Live Demo



Negating Vectors



Negating Vectors Geometrically



Moving Backwards



Live Demo



Scaling Vectors



Scaling Vectors Geometrically



Moving with a Set Speed



An Aside on Delta Time
● The amount of time, in seconds, 

since the last frame.

● 120 fps => 0.00833… s
● 60 fps => 0.0166… s
● 30 fps => 0.0333… s

● Everything happening every 
process() should use delta.



Moving with a Set Speed Per Second



Live Demo



Magnitude (or Length) of a Vector



Moving Diagonally



Using length_squared()
● Avoids costly sqrt() function.

● Useable for comparisons.



Distance Between Positions



Godot Makes This Easy



Normalize a Vector
● Sometimes we want a vector to represent just a direction.

● We can normalize it, meaning make its magnitude = 1.

● Resulting vector is called a unit vector.



Moving Diagonally FIXED!



Angle Between Vectors (Dot Product)
● Also called the Inner Product.
● 0 if perpendicular, positive if angle < 90, negative if angle > 90.



Angle Between Vectors (Dot Product)



Can the Enemy See the Player?



Perpendicular Vector Between Vectors (Cross Product)



Godot makes this much easier!



Use Cases?
● Calculating the normal vector of a plane
● Lighting calculations
● Physics engine calculations
● Inverse kinematics calculations

● Mostly stuff that game engines do for you



Representing Rotation in a Vector?



Axis Order Matters



Gimbal Lock

https://compsci290-s2016.github.io/CoursePage/Materials/EulerAnglesViz/
https://compsci290-s2016.github.io/CoursePage/Materials/EulerAnglesViz/


Say NO to Euler Angles



Quaternions

“Quaternions… though beautifully ingenious, have 
been an unmixed evil to those who have touched 
them in any way, including Clerk Maxwell.”
—Lord Kelvin



Quaternions Video by 3blue1brown

http://www.youtube.com/watch?v=d4EgbgTm0Bg


Use Transform3D Instead



What are Basis Vectors?



Rotating a Transform3D



Rotating a Transform3D



Use Quaternions for Interpolation



Putting it together: How does the free camera work?



Exit Survey: 

Don’t just awkwardly shuffle out!

Fig. 1: Homer dislikes exit surveys.


