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Which of the following is not possible
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rank(A) = 32, linear system Az = Ax =b A@R 7):31 #31 Varobles
b,b € R*" have infinite solutions ' # a'—[ Thoation

O rank(A) = 32, linear system Az =
b,b € R*" have no solutions

* rank(A) = 32, linear system
ATz = b,b € R3? have no solution
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Suppose that A is a 3 X 2 matrix whose

Nullspace contains exactly one element. => Aj] (A) = {?3 = Mnk(4) =2
Which of the following would be a basis for

Row A2 5 Rw (M) S IR* | N
O {0} dim(Rew (A)) = Pk (A) =2 P Pov (A)= IR
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O Contains 1 vector but there is insufficient
information to determine a basis

O Contains 2 vectors but there is insufficient
information to determine a basis
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Course notes adapted from N. Hammoud’s NYU lecture notes.






Orthogonal Projection of a Vector onto a Line

Let @ = (a1,a9,...,a,) € R™ be the direction of a line that goes through
the origin, and let b = (b1, b, ...,b,) € R™. We are interested in finding the
projection p of b onto the line in the direction of a.
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Orthogonal Projection of a Vector onto a Line

e Ifb=3d = 2= 1, and the projection of @ onto a is itself = Pa =a

o Ifbis orthogonal to @, then @’ b= 0, and therefore p'= 0.

To find the projection matrix P, we ask:

“What matrix should multiply b such that the outcome is p 7

We want to find P, such that Pb = p.
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Compute the orthogonal projectiqonto the line L spanned
by u = (3) .

. T-u —18+8 (3 10 /3
y=prol) == 5 \2) T i 2)




Find the projection p of b= (1,1,2) onto @ = (—2,3,1).

Find the projection matrix P, such that p = Pb.






Orthogonal Projection of a Vector onto a Subspace

Let'@i,as,...,d, € R™ be a set of linearly independent vectors, and let S be a
subspace, such that: Y ' .;
S = span{dy,ds,...,d,} CR™

A ¢ ‘Q MXn P " y W2, y Un
We want to project b € R™ onto S , i.e., we want to find a projection p of b onto
S, such that the combination

P = Z101 + Lo + -+ + Tp0n

is closest to the vector b. Note that p can be written as
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Orthogonal Projection of a Vector onto a Subspace

First, we must find the vector :f:, then we find p, and then we find the projection

matrix P.
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Orthogonal Projection of a Vector onto a Subspace




Orthogonal Projection of a Vector onto a Subspace
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Theorem: AT A is invertible if and only if A has linearly 1ndependent columns

1 e o & A)TA% © (A7 ) PhilA)=h . Ais £l Bume

Fivy\-L' U Qow  Nuld) = N (ATA) 2 dim (Mul (4) ) = chim (AT
Ths  moomy  dor 0 o X & R \
Ax =0 4 AT Ax =D Yok 1A} =Yon \Q(ATA)
O M=o > AAx=0
Anx = AT [ax) = AT
@ Apx=0 = Ax=o
AT Ax =p = xT(ATAK):XTo:'o &> @i):é_x_’:o > Ax =p
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Examples

1 0 6
Example: Let A = |1 1] and b = [O] . Find p, the projection of b onto
1 2 0

Col 4, and find the_projection matrix P.
™Al Aumn k. Thn ATA i inertible
Dodig pojection 5 ~ 3 L &I (A) 3=> Shing A b= AAX
2 P e ol (p) ATA) T ATL
Cdution 7= PL. P= A (ATA) AT
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