MATH 332 - Linear Algebra Aupguse 3, 2000
Homework 9, Summer 2002 Duc August 5, 2009

Least Squarcs - Orthogonal Diagonalization - Speaciral Decomposition - Singular Value Decomposition

L. Given,
a 4
A= -5 —1
1 2

Determine an orthonorme)] hasts for the column space of A
2 Given the linear system of equations,
&y F iy =2
1+ = 4
(2) Determine the least-squares solution to the linsar system.

(b)] Determine the least-squares error assaciated with the linzar system.

() Graph the linesr svstem, the least-squarcs solulion, and the least-squares error in B2

3. aiven,
2 3 T
A2 1], b= |3
11 1

(a) Show that the columns of A are linearly independent.
(by Determine the QR factorization of A.
() Using this factorization caleulate the unigue lesst-squares solution £ = R0
4. Recall the Pouli Spin Matrix from a previous homework,
o —i
J' = g =
F [ i 0
ia! Show that oy is self-adjoint.
ik} Find the orthagonal diagonalization of .

() Show shat &y = Axixf + AexoxT, where x; and xs arc the noemealized eipenvectors from part ib).

5. Given,

1
—
—

Find a singular value decomposition of A.

T3 Lhemrem B.5.15 on page 314,

1§ a matrix is equal to ita transpogs then we say that the macrix is symmecric, 1i the matrix has complex numbes then we have a more general
definition. For A £ TP%T we pay that A s self-adjoint if A" = AT = A, Thet is, & matrix i scli-adjoint if it 35 soual to its owm complex—conjagate
Lrunepose. Sclf-adjoint matdoes are the enalouge of symmetbric matrices foe the complex number field. Alss, notice that this definicion revovens the
definition of sywnteetric if the matrix has only real entoies.

Yo should Bad cigenyveclocs with comples entrics. IE you wse the slandard definition of innse-product chen Fou will ger zero length, which is senaible
since pare of the dirscrion of these vestors s into the complex nwmber aystemrm. Homever, this will lead sou to a division by sére when rying Lo normalise
the sigeavector, In the care where vestors have complex entrics the inner-product &= generalized to x -y = 2y = ¥y, Notice, again thac the standard
deliniticn of inner-product & rocoversd when the wectors arc rea].

4Tk i called the speviral decompasition of a scli-wdioint matcix. It i= intersting to nete thae w¥x; = 1, which implies that the 'macrix’ has che
fame sloucrure as the wnilary matrccs of chapter 6. Sines, x5 15 ot the identity matrix vee have that %33} hes the same sLrpcture ax unitary: matrices
from problem 3 in homewerk & Conscquently, we conclucds that the self-adjrint matvix has been decompesed into projection matrices, which project
an arbiltary vectar inte eigen-subapaces of the ariginal matrix.
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