
Dot Product

(2D) ~u · ~v = u1v1 + u2v2 (3D) ~u · ~v = u1v1 + u2v2 + u3v3

~u · ~v = ± |~u| |~p| = |~u| |~v| cos(θ) ~v · ~v = |~v|2 ~u · ~v = 0 ⇐⇒ perpendicular ~u ⊥ ~v, θ = 90◦
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~u · ~v
|~u|

proj~u(~v) = ~p = ± |p| ~u
|~u|

=
~u · ~v
|~u|2

~u orth~u(~v) = ~q = ~v − ~p

orthogonal decomposition: ~v = ~p+ ~q with ~p ‖ ~u, ~q ⊥ ~u

Distributive: ~v · (~a+~b) = (~v · ~a) + (~v ·~b) Commutative: ~w · ~v = ~v · ~w

Cross Product

(3D) ~v × ~w = det
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 = ~ı det
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= 〈 v2w3 − v3w2, −v1w3 + v3w1, v1w2 − v2w1 〉

~v × ~w = ~n normal vector perpendicular to ~v, ~w

|~v × ~w| = |~v| |~w| sin(θ) = area of parallelogram with sides ~v, ~w

Triple Product: ~u · (~v × ~w) = det

 u1 u2 u3v1 v2 v3
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 = ± volume of parallelopiped with sides ~u,~v, ~w

Distributive: ~v × (~a+~b) = (~v × ~a) + (~v ×~b) Anti-commutative: ~w × ~v = −~v × ~w




