
Today §

6.3
: Orthogonal Projections

Next : §

6.4
:

Orthogonal ization

Reminders lease fill out your CAPES
.

My Math Lab Homework # 8 : Due March 15 by ltispm

MATLAB Homework # 5 : Due To NIGHT by 11:59pm

MATLAB QUIZ : Tuesday , March 13 @ your usual

section time+
conflict qnittainmehonday

.



A collection thus .
.

, yp of vectors In Rn is orthogonal if dittjto

They are orthonormal if
,

in addition
,

built -1 for all i. j
?

Set
u= ( y y , ... . up ) 1 nxp matrix )

Then the ii. j ) - entry ofUTUIs syi
, yj )

.

Therefore

{ b. b. →
Yp) are orthonormall IF and only if

utu =

Note : if n¥p ,
this does net mean that UUT =



Definition : If the columns of an nxh matrix U form an

ortho normal basis for Rn
,

we call U an

orthogonal matrix
.

This is equivalent to

Better yet , thinking of such a U as a linear transformation
,



Orthogonal Projections

I

)

E -9 .

a. =p;) ,
v. =/ ! )

,

w
. =/ 9)



what's really going on :

If V SIR "
is a subspace ,

it has an orthogonal complement

Vtslrn
.

The two are complementary : dimViolins Vt=n
.

Vectors In V are linearly Independent from vectors in Vt
.

Thus
, any vector go.IR

" has a unique decomposition :



How de we find Pnejy for a given subspace V ?

We already saw that if V =

span { y } ( i - dimensional )
Pnojv 1 f) =

Tying y

Theorem : Let { yi, U.s...

, up) be an orthogonal basis

for V
.

Then

Projv ↳ I = peanut Efrat .

" +

tfhtftpup



This allows us to compute the matrix of Pnejy .

Start with an ortho normal bas B for V ; then

Projv G) = ly.G) y , tly.G) 4 t .  - - + ly. ,Up ) .Up

Theorem : Let VSIR
"

be a subspace ,
and fix an

or the normal basis 14
,

.
.

, up ] for ✓
.

let 4=[44 .  . . tip]
.

i. Prejyly. ) =



Eg Compute the matrix of the orthogonal projection
in 1123 onto the subspace span{H)



What is an orthogonal projection
,
really ?

V

Y

Theorem : Projvly ) is the point

in
V that Is closest to

g. .

Ie
.

it is He best approximation of ginV
.

F- 9. §. |}| , ↳ =p
,

} ) )
is an orthogonal basis for V.

Find the closest point in ✓ to yf}) .


