MTH 261 — Mr. Simonds’ class

Projection vectors in &"

The orthogonal projection of ¥ onto il is the vector proj, (¥)==——1.

The component of v orthogonal to tiis ¥ ———1ui.
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The quantity comp, (¥) = is called the scalar component of ¥ onto i .
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Example

. T
Find and illustrate the projection vector, component vector, and scalar component when ¥ = [2,—4]

and i =[5.1]".
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MTH 261 — Mr. Simonds’ class

A definition and a theorem about orthogonal sets of vectors in 2"

A set of non-zero vectors, [f = {til,tiz,. s u'p} , is called an orthogonal set if and only if each pair

of vectors in the set is orthogonal; that is, it is an orthogonal set if and only if #, -fij =0Vi#].

The vectors from any orthogonal set are linear independent. Consequently any orthogonal set of
n vectors from R” forms a basis for [©”.

Change of coordinatesin [&”

Let ﬂ:{ﬂl,til,...,u'n} be an orthogonal set from R". Then every vector ¥ in [R” can be

expressed as ¥ = ¢, tl + C, U, +--- + ¢, ti, where ¢, =comp, (¥).
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Show that the set 3 = { [l, 1,1]T . [—1,— 1, 2] T . [3, —35,0]T } is orthogonal and, therefore, forms a basis

for R*. Then find [}]ﬂ where ¥ = [5,—2,0]T.
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MTH 261 — Mr. Simonds’ class

The Gramm-Schmidt process for finding an orthogonal basis

let #= { X, %,.... X, } be a linearly independent set of vectors.

Then the set { LTACTRI } is an orthogonal basis for the span of /3 where:

‘:p = "ep - proj\'] (x.p) - projf: (x-p ) - proj,_,‘_il (x-p)
Furthermore, the set y = { ﬁ | :_:2 l, ‘ t“" } is an orthonormal basis for the span of .
1] V2 v,

Example
-2 1 5 1
-2 =10 1
Let’s find an orthonormal basis for the column space of 4 = 0 6 1 and find the
-1 5 7 0
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MTH 261 — Mr. Simonds’ class

A definition and a trio of theorems

If W isasubspace of [&*, then the orthogonal compliment of W is the set of vectors, W™, that
are orthogonal to every vector in W

e W~ isasubspaceof R".
o (row(4)) =nul(4).

o (col(4)) =nu1(47).

Example

Prove that W is a subspace of [B".
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Examplea . )(\/w\/
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The Orthogonal Decomposition Theorem
Let W be a subspace of R™ and 3 € [2". Then there exists unique vectors W and Z, we W,

z'eWL,suchthat[}"=h‘+z'.

In fact, if the set { Uy, Uy, ... U, } is an orthogonal basis for W, then

i = proj, (¥) + proi, () + -+ + proj (¥) anf

Example
et =[1 -1 -1 1, &=[2 1 1 0] ,and &y=[-1 1 1 3]". Let W =span{s,ii,.i;)
and f:[2 1 3 4]. Express ¥ as the sum of two vectors, one from  and the other from W™ .
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MTH 261 = Mr. Simonds' class

Example
- 03 - Y| e . i | = I~ T - - ~ T
A basis from [&” for the x, x, —plane is {#,.1, { where 1, -[n - (h] and u, = [-& 3 U] . Use

this basis to determine the point on the x, x, —plane thatis closest to the point (2,7.5).
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