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la
. /
3- X -4

5 →→ / = (3-+11-1--1) + zo
-2×+17=0

( f- a)2=-16

d. = 1+40 , tz= 1- 4i

1b
.

A - ( 1+4;) I = [
2- 4i -4

J - z - ¢;) - (
1 - Zi - z

o o ]
gives Yi=[ Iz ;] -

basis eigenspace t,=H4i : { [Ez;] }
basis eigenspaee tz= 1-40 : { [ , ?z ;] } f- E)



Za .

| 0 2- X O se

no ° '

f- init? ?0 2-d se
O O l - X O

O 0 2 z -X

= ( 1- 1) (1-+112-+112-1)=0

X
,
=L

,
Xz = 2

( both multiplicity 2)

2b
.

B- ZI = (
① 0 0 2

O O O ②
o o ④ 0 )
0 0 2 0

There must be two free variables . This is
only the case for se=o

.

zc . Consider B- I = [888*20]O O O O

O O ② 1

There must be two free variables .

But far
any value of se

,
there is only one free

variable
.
So
,
B is not diagonalizable

far any value of se .



3A
.
Note that the columns of C are orthogonal .

Therefore, we can use the formula

if -_¥; e. + 4¥G.G G + G-• Es
¥⇐€

= E. a- + ⇐ + ☐⇐ = +?⃝ =/ ¥;)

3. b. From part (a) we know if = l - E + 3- Ez -10- Es
,

so the least-squares solution is Ie= [ %) .

Or solve the normal equations CTE = Cry :

oral:& :] . cry:-[:/ ⇒ ¥-1 :| .

Sally -811=1/1,81 -H://t-H-I.N-rs-E-s-o-srl.la
f- Ily - CEH )



4A .

mm
-
= [19-19] # =L} ?] .

-4=2, -4=4 .

4b
.
Let t =/ 0 be an eigenvalue of AAT, then

A-Are = tze for some nonzero I .

It follows that AT / A- Are / = Arkel
,
so

ATA ( Atx ) =) (Arse )
,

with Are nonzero
.

Hence t is an eigenvalue of Art .

4C .

This means that the eigenvalues of Mtm are

f. = 2
, 12=4 and (possibly ) 13=0 .

2 I 0 - I

4d .

mom =/& !/ [19-19]=1; :{
0 - I

- I - I - I 1

MTM - 2 I = (
°

- i 0 -1

÷ :& .it/::::t-.a-=E1
O O O O

Orthogonal basis eigen space b. = 2 :{ (%) }



Mrm - KI = µ !
0 -1

' →
-

'

z : ;) ~ /800
I

☐
; ; ;/ → e-O O l l

- l - l - l -3

Orthogonal basis eigenspace tz=4 : { }
2 I 0 - l l 0 - I 0

o o o o) → ↳=) , -4=/§)mm -1: : : -1-1: : : :0 I 2 -1

Note that Is and Yu are not orthogonal .

Compute e+=H-¥:¥→=H - 3- ↳ =/E) +1¥;) -11¥] .

orthogonal basis eigen space 13=0 :{ µ ]
,

/ }
4e

. Normalize the eigenvectors :

"

¥1 .ie. -1¥,¥÷I4. =L!¥ ) ,
a -11¥) ,

u-s-f-ziromrm-PD.PT
with

2 O O O

P = 1%2 112 'V6 Yik

112 -2106 Yik and D=µ 400)( 1%2 112 ' V6 ' life 0 O O O
-

- 112 0 3hr2
] 0 000



5-a. true Jf A has a zero column
,
then

A is not invertible
,
and by the

Invertible Matrix Theorem
,
-1=0 is

an eigenvalue of A .

5-b. Fate < y , it > = Uiuz
+ Uzu, = 24, Uz 2/0

far some ye Ñ
.

( counterexample :

4=4] ,
then < a.47=-4 . )

5C
. True Col A is a subspace of R

"

.

By the Orthogonal Decomposition Theorem,
each y in IR

"

can be written (uniquely )

in the farm g- = § + E , with § c- Cola

and ZE (Col A)
+

.

Note that (Col A)
1-
= Nul AT = Nul A

,

since A is symmetric .



5d
. true If A is orthogonally diagonalizable,

then A is symmetric . So
,

AIA
.

Consider (A)
T
= (A. A)

'
= AT.AT = CAT )2=A?

So
,
AZ is symmetric , which implies

that A2 is orthogonally diagonalizable .

6. Use Gram - Schmidt :

V
,
Lt ) = plt ) = I

Vzltl = qlt ) -
<9,47
¥54

<q , 47 = 2 . I + 4- It 6 . I + 8. I = 20

< v1
,
V17 = 1. I + t.lt t.lt 1. I = 4

Vzlt / = 2T - ¥ . I = 2T -5

↳ ltkrltl - ¥,>v,
- ve

<✓ , V1 > = -3 . I + - 4. I + -3 . I 1- 0.1 = -10

< V
,
V27 = -3 . -31--4.

- It -3 . I + 0.3 = 10

( Uz
,
Uz> = -3 . -3+-1 . - I + 1 . I 1- 3.3 = 20

V3 Lt)= E- 4T - ¥ - I - ¥012T - 5)

= E- Lit + Iz - t + Iz

= É - 5T + 5
.

orthogonal basis : { 1
,
21--5

,
E- 51-+5 }


