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? APr” 2025 M:

n fovs /A\
Le;l' A be an nxm matrix. {L—]

Tl“— 5(30'\ of the columas oF A 18 the Colwm\ S‘:ace,
densted  a\(A), ad s 4 cdospace of R
T‘lg, Span. of he rous of A s the Row Sfoce,/
densted row (A\, ond  YS a subspace of IR“.

. RANK of a m’Mx 1S 'Hne Common dimeng.on of
'HNL fow _and  Columa spaces.

* RANK- NULLITY THEOREM: rark + nalily = nombe of coloms
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Linear Algebra — Day 23
MATH 220

1. For each matrix below, find a basis for the row space, a basis for the column space, and a basis
for the null space. < Use Mathematica!

Jinmiu.s

| O |
reef (A)= |0 L L]

: A dw (rm (A]) =2 D
Wl spee’ AR don(wl(8)) = 2

i [:
solybins: X, FX3=0 =2 X=Xz ~l -
shorpsa W VT b o)+ £

-] .

2. What do you observe about the dimensions of the spaces associated with each matrix above?
rank notlity

d:n(rw(z‘n\ + A"M(nu"(A)) = pusber of columas
(’@r all Wfrfis A

; b
dim (o () = doe (cal(R))
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MIA M I of N and m-

f”k(M Whicheser s soaller

3. If A is an n x m matrix, what is t@ossible value for rank@What is the smallest
possible value for nullity(A)?

M columas \
e coa(A) s sdospace oF R"™ r “‘: I, (4) 2 O
nxm rolli E
" A ol (A\ is &obspace of R" | ) ’
n o F mon, the wdli(A)2 men

Cless ended here.
4. For any matrix A, how does rank(A) relate to rank(AT)?

TL(SC, Solutiens

are extra

ronk (A\ = rank (AT)/ since rouw (A N) and uI(A) = rou(ATJ

examples

bor P""'"(e' 5. (a) Give an example of a 3 x 3 matrix whose column space is a plane through the origin in R?.

Ono_, ekanfle, s A [""o g]‘

O 2 D

Thea (,ol(A\ is  te xy-rlme i 'Rz.

(b) What kind of geometric object is the null space of your matrix?

Nall(A) is the 2-oxis, which is 4 e )(L,w:‘k He otien in RB.

(¢) What kind of geometric object is the row space of your matrix?

Rou(A) s ‘H\t, ocy-rlau, in Rl (a f““‘e' H\rod\]k the or?aia)_

11 ¢
6. Let A= [1 t 1] , where t is some number. What values of rank(A) are possible?
t 11

_ I 1o Lot 7] o+
Row Reduce: Lt 1 — o w1 - if t21 o
t 1 0 |-t 4 0 0 24-t}

If t=1, Hu conk (A= 1.
T6 t=-2, Hen mok(A) =

For an/ bl"\ei ualue op é, m‘: (A)=3.

(Rm\k O is ot ‘)oss:lale since A hos nonzero en'l'r:cx.)

2-t-¢*=0 onl/ whea €21 o t=-2
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