
V
~ runk(Aib]) rank A inconsistent

- 1

↓ cols of A dre independent -> invertible [ATA]

Ax = b

A
+ AY = A

+ b

Ata =

(4 = [5)-i
Y = (ATAAT b

nu

=
b

= ) = (i)=

rank [Alb] > rank A

= (ii)
NUS...

Ax = b

X = (ATA) AT b A
+
Ax = A

+ b

+M : m - (ii)(i) :Little
② ATb &
= [i] diagonal !

"I"nois]
X

,
=

y = 2

Y = /ATA)"At b
xe = 4 =5

SIL EnAx= ->

augment
is x= [05]

sas orthogonality orthogonal
-

-[i
=) ,

= [,)I
a
, &2

lN= 2,



rank [Alb] = 4) 3 = rank A

HO in consistent

Ax = b

AAX=indentcumin
V augmented matrix

6 ~ R2-B3a 12003) ~ R3
-

R4

20026
2

222 4 ~ Ry =3Rq
-

R2
-

Ry
= [2 =10

- ·
00 00 O 20

= 70220 7 = I2 = 2
- 4 It

20026 O 8 O 08

X
,

+ Xy
= 3 - 41 = 3- 44

x =( x2 - xz =3 - X2
= - 3 + 43

-3 - 44 = -2 - Xy = X4-2

- = x4[i + (= ) Xz = 3 + 43
=

- 3 + 14
-2

= 44 - 5

as many solutions with the same

least square



->
columns of A dre linearly3 2 unique solution

independent
,nituin

least

square
An =/ = ()(ax-b)) = 1) - [7)) = /])=

U

Av =

(4)(-) = (2) -bl = 1)() -( : /I/l-r
: Not possible !

+
E= b consistent

T
-
A F

T

F

&

F

9)To definition ! b4 9) T llAY-b11 = 0
...

WTF !?

b)Tv Ay = b
M b) F At not

AY = b b
7

6) Frsor llb-A11f /l b-AE/ !
E > (A)d) Ty min theorem *

e.) To unique solution c) T

d) F
,
columns ofA should be linearly
independent too . Not all ATA is invertible

e) F Granita colsA linearly independent .

f) F MX = atb in ew + back substitute



9) viIW(z)
AX = g

AT(Ax) = AT(0)
: N(A) = N(ATA)

ATAX = 0 XX

6) vinor (E)
ATAx = 0

xT AT Ax = 7 To

XTATAX = 0

(AxTAx = 0

l AXIl = 0

: Ay = o
*

ATAx)= ATO)
ATAx = 0

-

(ATAI-1ATA)X = (ATA)"O
X =

A is linearly independent
AE = 0 only has trivial solution. : Ax = 0 only has trivial solution .

suppose At = 0 :
- columns of A are linearly

independent.

a) A has linearly indepent columns

Ax = 0 only has trivial solution -> NIA) = [03
from 191 NCA) = NIATA) = G]

· columns of At A are linearly independent .

un
↓

& invertible

square matrix

b) Why A must has man ?
since columns of A must spanR

*
-> Dpivot no row -> uniquesol

108 : 1 > M then columns can not be linearly independent 1W : Span RM frm
vector

c) since all columns of A are linearly indep- -> basis rector of (CA) mustainin
= n = rank m in falls



y = my+ d

I(i) =(
--

9
-

independent rank [Alb] < rank A

Ax = b

ATAX = ATb

At [io do is d ints)
↑ b =

[20 jo in +3)(=
·

namentm11
+04

& 1
+ 40480 = 854

B = 854 - 484(2. 11]



1) [i]( = (c)
X Belean

un xiz
,

XTy -> nei lenstsquared clean
= for I

[i] ( = [misy)
X Broisy

mety
,
xty -> L Broisy
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, 1190

synthesis r(m)= WX(k)
x(k) &eit-jjt = zjsinf

sino = eit[ +is
O

3 sin (int) = 3)et

I I I =_ (est_
GITF j2tt +et C eli eit e e I = -ze(en)

! · "eit e
=-w

11m) k= / ↓
to (j) )

(

-
k= 15

1 I



-cartesianrectangular atbi

I

( Lucist
, so

reif z = (2-ic +7
= 4 - (2)(2)(i) + i +7
= 4 - 4i - 1 + 14 - E i - 8i - 4

+-
4 + 1

= 3 - 4i + 10 - 15i
- 1

J

= 3 - 4i + 2 - bi - y + z = 1 -

1
① rectangular -Eithe== tan ,b 9 .3

② trig . plar raise = 9. 301isIn
- 0 . 938 red

③ complex expo 1
.

301eit

1 dimos

↓

a) b2- 49 = 8

answer: b:
32 (4)(- 2)(- 4) = 0 == 31580

9 - 8 = 0 - 4

c = Iv
b) c = +2 : v = =b. b=

49 =35/9 - 141(2)(-2)
=

-

37 -7
2a 2(-2)

X = -31* = fi
4

- 4 more negative

I deta : there will be complex costs : but Enesimno
d) de -0 : there will be real rootsWell but wines

For
more positiv

X



- f + Demoirve's theorem

----

(rcise)" = r"cising
z = (1 + 2i) = 1 - 2i - r=m+22

mysing
= 55 Crest" = ugine)

⑦
E 8 = +an)- )

principle argument
& 2

- 1
. 707 rdd

- 8Xπ
-11 .

107
+2π

ze
>

z4E (5)4954 .429
= 25954. 429

= 25257 .

856

(9-bil2 (3 + 5i) = 1-6 + 241) 57Homiasis
↓

tanf= 1

(a-bij = (-6 + 24i)
x(3

- 5i) solution Most e f = T
F

(3 + 5i) (3-5i)

(d + bil
"

= 3 + 3i r=53
a2abi - b

=
=

- 18 + 30i + 72i + 120 =To
X

9 + 25 a + bi =5+ zi = 352

a-zabi-b2 = 102 + 102 : => (cis) = cro (cis
34

(abi) +i2b) = 3 + zi roots "To cist ,tois
k = 0 V

k= 1

invusis : a b ' = 3 + 1 -=) - b = 3 +
- zab = 3

a
=
- 3X -2- b2 = 3 a =

"
to cost ,To c It

2b

- 9 - 4b4 = 1262 b =To sinI ,rosinat
- 4k

2 -
124 - 9 = 8

... b2 = - + b= i
4k+ 12k+ q = 0

(2k + 3)2 = 0 DeMoirve's extended (n roots
a =

-- k = - z = a + bi = rejt

: d = - i In Misanisu wk = z = (reit)

: a b

Wal

=wei(

ca=Eil , Ii-Ei = rE (cis (*))
(k= 0

,
1,..., n - 1)



-NOTE :

2 sample of functionf taken
X(w)

at discrete N time-points

X DFT crefficients
tell us how much of the

signal can be expressed

x = z((wi)((is(wt+ <(x(wi))) = -
using that frequency

w represent different

a) DFT analysis ji n frequencies ineach time points
Mik
+w = (wknj gen)

t = 2πkV-N
= rights

b) DFT Synthesis

x(u) = (k) X(W) pand column only !

-t ↓ I
= e

=·j (t-I
3)

I I I I
n = 1

C) DFT Synthesis

x(u) = -k) X (W)
# 1&L

I I iF +2I-·F
+ 2

3e 24



Chapters : eigen

non-zero

X

Y

X

X

6) Ax = Xy

(3) = (=
: Ligenvalue x = -2

7) Ax = Xy

Ay = 47 nullspace of A = x]

e
[A - 41]X = 0 -> xw)a - 41 consistent ?

-I diagonal - dependent columns
0 -1

A - 41- a + az = dzI
- 3 41

I E nontrivial solw !

consider homogeneous augmented matric

2 - 118 0
- 1 =18It%0) - Rat R2+ R,

->T01 J-R2-24-5!
d

: x , +X = 0

↑10

Xz = = X-↑
= X1

basis-) e.g . [i] no xs =

of eigen space

in it =

[=
↑



x

x=[
x2

= 5343
Ay = xx

Ax - 11 = 0 x,
- 142 + 343 = 0

IA-1X = 0

=> (e) - Ra
- Rz= m

X =X-
<

n
= 54

=>I OR R = X
,/

=>/)
↑

-18
· I : 3 = 1 O

X
,

= X2 = 0 = Xy = xz =: 3x2=xz = 0 - X2 = ↳
8 . 13 quiz

O square ,
o all linearly dependent

columns
14

5

II s Ioncanvalue -095 ,e= imagine[5(x,
+ xz +43)

rowlin
by INT

,
A E= has non-trivial solution if=== - = x[ , )(A-I) = 8 where can find

a linealy
A = x = 5 indeerecte !

J

I==(J

↑


