
CSCI 461: Computer Graphics

Middlebury College, Fall 2025

Lecture 2A: Linear Algebra (Vectors)
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Exercise: show that .

Use:

→u ⋅ (→u× →v) = 0

→u× →v = (uyvz − uzvy)→ex − (uxvz − uzvx)→ey + (uxvy − uyvx)→ez

→u = , →v =
⎡⎢⎣123⎤⎥⎦ ⎡⎢⎣456⎤⎥⎦Solution: first we calculate .

Then verify .

→u× →v = =
⎡⎢⎣ 12 − 15

−(6 − 12)

5 − 8

⎤⎥⎦ ⎡⎢⎣−36−3⎤⎥⎦→u ⋅ (→u× →v) = (1)(−3) + (2)(6) + (3)(−3) = −3 + 12 − 9 = 0
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Visualizing the cross product.

Using RIGHT hand: align index finger with , then align middle finger (or all other fingers) with 

(moving towards your palm). Thumb will point in direction of .

→u →v

→u× →v
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We will use glMatrix for all of our linear algebra calculations.

FOR FUNCTIONS THAT PRODUCE A VECTOR, THE FIRST ARGUMENT IS THE OUTPUT VECTOR

https://glmatrix.net/docs/

Open a console to follow along (go to the Chapter 2A reading page, right-click and Inspect).
Vector addition: .add(out, u, v).

Vector subtraction: .subtract(out, u, v).

Vector-scalar multiplication: .scale(out, u, a)

Vector-vector (componentwise) multiplication: .multiply(out, u, v).

Length of a vector: .length(u).

Normalize a vector: .normalize(out, u).

Dot product between two vectors: .dot(u, v).

Cross product between two vectors: vec3.cross(out, u, v)
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https://glmatrix.net/docs/


Back to our heart example.

In your groups: split up the work to compute the total area of the heart.

Hint 1: use the cross product. Hover over the dots in the notes to get triangle vertex

coordinates (doesn't need to be exact).

Hint 2: can you simplify the cross product when  for all points?

Hint 3: look for symmetry...

z = 0
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Summary

Dot product will be useful for calculating diffuse component of lighting model.

Cross product useful for calculating perpendicular vectors (and areas).

Intersections useful for figuring out what we can see (and also what is in a

shadow).

Please try out the example assignment on the  page.

Office hours : (please come say hi!)
Mondays: 10am - 11am

Thursdays: 2:30pm - 4:30pm (today)

Next class: matrices.

Setup
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file:///Users/philip/Documents/github/csci461f25/site/chapter02a/slides.html

