
N(A) = Ex : Ax = 03

Why care? Suppose you sole Ax = b

Suppose VENCA),

Then X +V is another solution

A(x +v)= b-& his to do withA
has to do

with Moreover , if x, and x2 both solve Axi =↓

b then X2 = X, + V whe veNSA).

A(xz-x)= 0



IfA is mode and if the rows ofA

me linely independent we can always solve

Ax = b

A has a night must , At= A (AAT)

I alam x= At b is a solution,

Indeed Ax = AA+h = Ib =6 -

But because A 13 wide the colums of A me

not linearly independent so N(A) is not trival.



Z * =A
+ b

V ↑ & z-xD↳
setof solutions

E

↑ ↑
Ax=0 Ax=b

Claim : = Ab and if Z is moth solutionsIf

of Az =b them /I IIE



((z1R = 11x + (z-x)(= 111(1+ 2x +(z-5) + 11z-=11
-

(a +b) T (a +b) Recall = Ab = AT (AAT) b
T

Y = ATCb GSoxT(z-x) = (AT(b)T (z-Y)
= 6TCT A(z -x)

=O
J= 6 CT [b - b]



1IzIR= 11511+ 1z -AIR

(11)- ((EI)

-

How to fund N(A)? []
Easy case is A isrow echolar

,
a cousin of uppertangular

p's are
P F O differ

p X X x x X x

IO I & pinot& px x x x x--
L& 0000 X

000000 X are any thing.



x X2 X3

!
3

[ · +]()
Xys X 3 pivot vornables.

- X
2
free variable.

O O G

A X

"Special element of NSA) associated with 2
"

I'll set 2 =1 and solve for x, and x3

with Ax= O o

& X
,
+ 3 +

z
= - 2

x, + 2xz +3xz = 0 ↑x3 = 0

0x
,
+ 0 +z + 4xz = 0

z = 0

0x
,
+0xz +Oxy = O] irrelevent. xz = /

X
,
=-2



v= [ = 28] CVEN(A)

for all numbers

C .

(2)(= ] = []



pivots %
↓
yex

x+
b

&

=7 X
,
=-2

x
, +2xz = 0

A = is x3 + 2x+ +3xj = 0 =7 +z
=0L OOr O :↑ X5= 0

Two special solutions xz = 1 xz=0

X
2
= 0 xx = 1
&

-" u2 x + 3 . (-z) + 4 = 0

X5
=0 c

,
v, +c z=0

+ 20 ↳

Xz = 0 ->

=) [] = o



N(A) = Ea + C: ER]

↳ all liner combinations of 1 and Vz.

↳un [rm)(a)
V
,


