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c Let AeMatmn(R), BeMat,o(R) such that AB=0

Note that columns of B are exactly Be, - Beos where

;= (0,"',0, [ O,--',/O)t ()‘:b ,UQ,)
' tj-ﬂ'\. enﬁfy_ '

Now AB=0 => A(Bei)=(AB)e;=0

= Be-'s are ;. the kerne|l of A

Similarly, rows of A oo exactly €A, £ A where

'F‘\‘ = (O/ “, O, l) O;“" O) (l:‘l v, WL)

T i-th entry

Again, AB=0 = (§A)E=£(AB)=0
Hence: {iA's are in the lef null space of B,

s Suppose A, B € Matss (R), AB=0 ound rk(A)=rk(8)=2

By olimension fhm, MMA)+ rk(A)=3 so MLI(A)=].

On_the other hamol, by previous observation, Key(A) alreacly

contning +he column space of B which (s 2-dimensionel <ince

He(B)=2 | And we @ef VwQQ(A) dim ber(A) 22 >«

aP':g (X, Xa, X3, Xo.) & qu'l Kt Xet Xzt Xo = O%

# 22
={XeR¥| - X=0Y where X=(x, %X, x¢), N=(1101)
Hence this s a hyperplane in ((Q passing  tueugh +he origin
whose Wokimo| Vector (s ‘—yi‘, Co (Cl b, l\)>

cTh order thot & matnx A has P ac its kemel, By Fundam -

ented  thua of Lhens olc,\ebffa (£ p (28 of textbosk) tow space of

A showld lae p*= <(l LLID>.

Coxamples 5 Ci,L L 1) [2,2,2,2Y, eftc.
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[#s] a= (1,2 2)°
afa= (D 27+27=9
! IR
sat=12 |- (4,2, 2)={2 & ¢ |
i (= 4 4
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= (2,2, 1)*

a:* ay = 27+ 2"+ (-1)*=9

/2 [ 4 4 2
saat = | (2 2, ) =| 4 4 =
\ \—2-2 .
. . 44—2\
,‘.P:,:ﬁ—{,%:;:z;‘ 4 +~2)

o \2 =21/

[ =22\ /4 4& -2\

PP=l 244|420

\2 ¢4/ \2= | ]

Interpretaton, What (s the map " —> P Px " %

(\/lalh"plly[né P: on H«e left coprespords to va}ecﬁ»\s
thot pector on the "line generated by &i"=<ai>(i=l2)

Observe that 20, 2> ave om%\ogom,o (,Ua.'TvZG~O)

Le+ XelR2. Then PX is a pl«v,,e,c‘\'\o?\ of x o (@) n pak’ha&(

P.X // @& and hence sz L. - PPx)=0 which exp(ams
why PPy chould be tdentcally O.

# (3 e - “
A=l2 o/ |
0 oo/
) We can use the Hformulo diectly +» ﬁef‘ _
[V oOoN [ s /l?f\—'lnoo\
P:A'(AtA)—('At:{OI? {éloo\,{gol \'olbo
\Oos \oo\o'j \ooo/ oo[O/
o0/ : .
/ r | rl\
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T e
[ [\ [ T
ond _thet ( U3x3 ) 3 \—; 2
_ \ o [tJ W] e
W_Printab,epapérfr%t Or, nohece that in this cace, +he pl/v,e.cﬁok\ map We are

ooking for s easy to cee, namely [R* = [RF

(x, v, 2,w)—>(xy, &, 0)




/T,I N .
Which correspords to | 77337 ] € Mat, 4 (IR)
‘ \ o lo
[#0] p*=p
= (T-P)=1-2P+pP*=TI-2P+P=T—P
T claim thot \QN\(I—P)=K6V‘P
Proof. (€D Let ye Ran(T—P). Then y = (I-P)x for Some x,
S Py =pP(I-P)x =(p-PHx=0 (~ P=p*)
=y eKerP
(2) (et xckerP. Then Px=0 = x=x-Px=(I-P)x
= X & QOMCI P). mCoum
Hence T—P PVD)eC‘(‘S onte Hhe Kemel of P
Eé’zl‘ k(P L n because PRanP (s contained . n—dinensional

subspace , letls call this S,

On the other hanol, o "veS, Pv=y ¢ RanpP 28

which means 1rk(P)2n, Hence P has rank n.

[S s dhe Ima%eCVaM%e_) o P 14
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