1.5 Dot Products and Projections in R"

Quote. “The important thing to remember about mathematics is not to be frightened” Richard
Dawkins (1941-)

Vocabulary.

e Scalar Product: another name for the dot product (the result of the dot product is a scalar)

Inner product: another name for the dot product.

Projection: an everyday example of this is your shadow - a projection of you onto the ground.

e Unit Vector: a vector with a norm of 1

e Dimension of a space: the number of vectors in the basis that spans the space.

Hyperplane: n-dimensional generalization of the plane. A subspace whose dimension is one
less than the ambient space.

Here generalize the dot product from R? and R? to R” and we introduce the important idea of
projection.

1. Dot Products, Orthogonality, and Norms in R"

By way of series of examples, we will see how these operations generalize to R™
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2. The Triangle Inequality
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4. Hyperplane

Recall the method of findi ng the scala equat on of a plane in R3:
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Using the same method we can find scalar equation of the Hyperplane in
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5. Orthogonal projections onto lines in R”

Theorem 0.1 If a is a non-zero vector in R™, then every vector x in R™ can be expressed

m 6$0,Ctly one way as
X = X1 —+ X2 ‘_

where x1 is in span{a} and x2 is perpendicular to a. The vectors x1 and X2 are given by

X1 = —|\a||2a and Xg =X—X1] =X — |a||2
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Disreqan.




Definition: orthogonal projection onto line in R"

If a is a non-zero vector in R” and@s any vector in R”, then the orthogonal projection
of x onto the line span{a} is denoted by proj,x and defined by
A

) X-a
proj,x = —Ha”2a

The vector proj,x is also called the vector component of x along a and x — proj.x is
called the vector component of x orthogonal to a.

Note: the portion of the vector that is perpendicular to the projection is denoted perp,x.

Example.
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7. A bunch of exercises to do!

(a) Find the orthogonal projection of x onto the span{(2,3)}. Draw the graph.
(b) Find the orthogonal projection of x onto the the line z + 3y = 0. Draw the graph.

(¢) Given x = (7,—5,9,—1) and a = (3,0, 1,2), find the vector components of x along a
and orthogonal to a.
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