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6.3 Orthogonal Projections

Recall: From section 6.2 we saw that we could project one vectqr ¥ jgpito another vector i proj .
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Now we would like to project vector  onto a subspace W of B": @ = projyo. o can be written as 4 C{/ / () , C/ > — v

a component in W (¢) and a component perpendicular to W (z].

Definition 6.8. The space perpendicular to W = spanfu;, uy.....u,} is called theortimgonal
complement of W and is written W* (read "W perpendicular” or simply Xutc: a_/ (B C) G/(,O‘Ca' S+
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Example 6.3.1. Show that W is a subspace of B". /U —

A
Start with uw € W and show 7( N |

L. zero vector (is 0 € WL?) N
2. closed under addition. (for v e W+ and x € Wk is v+ 2 € WH7)

3. all other properties inherited from E®
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Orthogonal Basis

Theorem 6.5, Suppose {uj,uz,...,u,} is an orthogonal basis for B" and W =

\/\] Ly, ta, ..y t, b then any vector y € R"

Yy <(-1u. + catia + -+ + cwa,,)‘ Cprilpsa + - - - + Cally
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\/\} {itg, tg, . .., up } then any vector y € R"

+ cotip +

kﬂmuﬁ_: R R | f

are given by f

Note: The weights ¢; are thefrojections o each vector in the orthogonal basis.

Example 6.3.2. Find the g#rthogonal projection of y onto the subspace spanned by u; and uws where

1 1 1
y=141, w = |1{, = | 1
3 0 0

Find j = proj,,

Y = - rq 0= 3
Ud =4, el TS
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Orthogonal Basis

Theorem 6.5. Suppose {uj,uz,....u,} is an orthogonal basis for R" and W
1= {ur, ua, ..., up} then any vector y € R"

Cpi1Upil =+ =+ Cptty
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Example 6.3.3. W is the subspace spanned by #

| 5 U
u = [ _:a_J. uy = H %ﬂf/
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Exam ple 6.3.4. Find the closest point () and the shortest distance (||z[]} to § |:_,J] in the
1
subs)
3
1
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