Orthonor mal basis

We say that abasis b, b,,...,b, of avector space is orthonormal if

b b =0,1<i# j<n thebassvectorsare mutually
perpendicular

b|=11<i<n the length (module, norm) of each basis
vector isequal to 1




Orthonormalizing a basis

In an n-dimensional vector space V,, for each basish,,b,,...,b ,k<n

of ak-dimensional vector subspace U, of V,, an orthonormal basis
€,8,...,§ of U, can be found.

To orthonormaize abasis b,,b,,...,b,k<n wecan usethe

following procedure:



First we find vectors a,,a,,...,8, suchthat aa, =0fori # ]

@ a-=Dh

@® 3 =h —iqa, j=2,3,....k wherec :?
=1 [

Then we put

Q=fiJ=12qu
a]



Orthogonal matrices




Example

(3 -1 2
J14 14 (14
-1 1 2
J6 6 /6
-2 -4 1

V21 V21 21

(3 -1 -2
Ji4 V6 21
-1 1 -4
Ji4 V6 21
2 2 1

1 0 0)
0 1 0

0 0 1,



Properties of orthogonal matrices

e If amatrix M is orthogonal then det(M ) =+1.

e Annbyn matrix M isorthogonal iff itsrows
(columns) viewed as coordinates of vectors form an
orthonormal basisof V..

e Geometrically, an orthogonal matrix corresponds
to alinear operator that maps an orthonormal basis
to another orthonormal basis.



An orthogonal matrix M preserves scalar products:
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M viewed as
transformation
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M viewed as
transformation




