Theorem 4.38 (Solution space from shifting the nullspace). Let A be an m x n matrix, b €
R™. Let s be some solution of Ax = b. Then

Sol(A,b) = {s+x:x e N(A)}.

Hence, we can also compute Sol(A,b), despite the fact that it is not a subspace. To
describe all solutions, we just need some solution s (for example the canonical one from
Section 3.3.2) and a basis B = {v, va, .. ., Va—r} of N(A) (see Theorem 4.36). Then

Sol(4,b) = {S+ZAlvzzAleRfor7’e [nfr]}

i=1
1. Solving linear systems (in-class) (*ﬁﬁ)

Consider the linear system Ax = b with

-1 2 5 =2 —6
A=|-3 3 12 -3|,andb=|-15].
1 -14 -7 -6 8

a) Determine the set of solutions Sol(4,b) = {x € R*: Ax = b}, i.e., write down an explicit
characterization of this set of solutions in the form presented after Theorem 4.38 on page 155
in the lecture notes.

b) Write down a basis for N(A) (you might have already found it in the previous subtask), and
also find a basis for C(A).

¢) What are the dimensions of N(A), C(4), N(AT), and R(A)?

d) Determine a basis of R(A).

ﬂ) \/|f w}&&w Tj\wram 4’:'5@/ 0{0\_5.3

Von

Sl (A L) = fsm e N(AYS

W\V\SS'-A—\ W: C

M(}() V\nd tUne ﬁ\'#(

Lssang

XY ()o.msb— 10(&0\'\ IE \«'m:r\ons’-fon :

A
> 0
O

]
|

o ~
O O
AN
N

0
= 1 0 Y O
O /l - A

NL J2 \2 A

Doacas

Lénvur‘ [&] uéé@/\ :

Lc'v;smru&

= bealolle
oles,

|Lé'v'\he,n N e Ous

RREF(A)  ain

l\/*/l“fowwvw 01‘0\65&4 "

Ax-b

L&W\a/ QL\ c Aw& i b t&&-

Uindon.

Lo



M%oﬁm‘m oles ik~ w«”
- G é 2 / E\h)rr.;\(&e/ VI =W BN Baxb&\/&u'v(
Q- A |, =44 5 }

2

4 S A be \ndlese T vom
A~ n\‘VL\‘/ T gohs.\&\/L[LLDh

Do(( e Q,ol KF/ 0{&»

A L
SIA,b)- / 0 L (
L A a2 eRY aeﬂj

0 1
\E} E/\L/ &Cz«ﬁ@ Q&( OLV Nw”foxmm L&L% i ous 0\\ 3

|: e %asﬁ_s vom 6p°’\]\/0\ramm feJr— %&%&L dn prpm coh e
6)00\\3'1,«\ Vo A A lbes D{LV\ lwo“&a&

&A;iuis“
-1 2 5
OLim = 5] :s>/ 12 }
1 A4 -2
) Om (N(A) = LN =
Dim (LLA) = V(A = & i

Din (N(A™N = #Spahn Din( L)) = 3-8 =0
Din (R(W) = Dinll (A= o



-2
Iy
S_
dH
<
N——
= Jd
3
\Nl ./\m..
cL
-
- 9
5
s
A
. T~
4 —
3 QO ~
o> 4
-3 ~_
P_n\. ~
C D [
§ 2 oY
Y
N h =
\\\I//
N\
A\ | O \
o g, = ° ,
=S
L\ I/M -2 <\
Ty
- 9 R
§ = \ q
ﬂ \}
- 3 .
=
¢ 5 d
= - N
\ll
J/




Display Values as: O Decimal  © Fraction

Calculate A=CR Clear All

A = CR Factorization
2 -4 0 2 2 4 10 1 3
3 -4 1 5 = 3 —4 001 12 1
-2 2 -1 -4 -2 2
Initial Matrix A Final RREF Matrix

2 4 0 2 10 1 3
3 4 1 5 01 1/2 1
-2 2 -1 —4 00 0 0

Selection of Columns for C' and Rows for R:

The pivot columns in the RREE.2[e; inearly independent columns of A
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