;Jiffirﬁjmu CH £ CIMNEAR  TRANS FORMATIONS
G L
D Lo ssina)
SRS et VW be Ve
T:V—W  meewms:
ety Tm;fﬁ/:e ocain U/ b the

Cedgmow
Vv W
-
> =
Tic) =i
T fﬁe M of 7
in the petinage oF &
fﬂﬂdfét :3'#
Flo Bnk& —¥i

/éu e (T)

= E'f l?{ I.?I” rn\.u_?t'j‘




(.12

B)bx

/’Err n ( ;)w"l/R /E’f Tﬁ)“—"‘ﬂ?’;
ZE,VJ:\%;:’ Zy (WAE (v, #v2 , 41, }Vz)

al bnd the mage of iz (4{, -/)

T(a’) T -1)
(5:4(-;; Y- z’/) 2(-1))
(3,5~

2 : 3
ﬂ!‘!;? Eli‘r "-ll)l'-‘”‘"_‘:’ ;R }F

;u‘t:"i"vl:’f A
TS E L US,]?)

U![:’nc{ the f""’e"”"‘“jﬂ' of v (qf! 2,3J
gﬂal fr v JHCA ?KQJL

)=
[L-"’, H/L : V:,J, jl-fz,) [(‘[ Z,})
g v, tv, = ¢
ks { f v-ﬁ =7
J02. 58

4
f =l |2
o 1137

A



3

!/v/& 95‘; z%cz mu'gu& JI?/H

l.r"'

il | ¥ = M U many_sol us >
s _ iy . ‘ ffa:fﬂwx etnge sofaret

@_Lfﬂﬁw’ Trm&zmaﬁm ((Ts)

@0

T V=W isa CT f{, v all h':,;l?’; m

fﬂkﬂ?{. 2F Juna pavy _ﬁm;f_ J.‘u:t(ﬂ#" Lj /
=S o “"-9? ; ) ) o S V/ \
| O Trd)= TGV TG | [ 5FK

hupm mﬁf . . M?g W, Wt :
2 f';:zﬂ 2 ,qcult-h t/:ff‘f' -“ﬂ{‘m ad’i i A ‘ v -nﬂ.;"‘;‘z.]
S A, o s £ PP

7 @ T(QEI,) C f(u |
D S S Y- 1 w
. xC o V) 154 m XL T{:w:l |'II

I‘:r ﬁﬂffﬁ h{"”r”—"‘lﬁ HW
- TQ)rg,. W
@ T(C V; +C t/t -L./“fj__g,):fif(ﬁ)f...f'Q,,ﬁi?,,)

= -:'IH'_ in
'ﬂu:r l’fﬂJj‘ to. .




(it

.@ (:Z:F Q’Hﬂ/ ffi&i

Krf e Anﬁw T(g;}, 7’[[3);) T[gn)
i G bans . (e AL Tt P
them we can Pnd ﬂfﬁjf é’r auy 7 V.
/1[ : Awt?w Aa,v 7. 5 & é/uw_r D){' V
ﬁ rémW f{»vw— T p:’-:ij:r ﬁzfdf.%hf fi }V:
Ex let T'R* =K be a LT such Hat

N
Fthcf .T(-.jfZ)_ '
Rt 1((2])=7((8]+(9])
b Tl

25 “TGe]-27))
£or(B))eznl(s))

= =3 (124 ¢ 2% UG
= {=5-9¢)+ (5%, 0/

<(5,-5,41)

e e —

T can fmd m?, Tl v,)



6L5

T(Lf} /41/ Jerqner o .f, F
I K" —R”

H}/}{W

%.,mﬁ? T{)nﬂ?m |

w:’rﬁrmn w.'d'nr:r)

_E..EL /F Aj[gggjf :‘/feﬁ

[(2)=AC dehines the 2ere hunshmmanon
[ K Y




(L
Ex I A‘-[ﬁ( ’{57]] then

T[L'f'):/{ﬁ JE‘AH{J a’ﬁ: !-i:-afﬂﬁ# fm. vrtaniation
[R*=K*
:K'L I,x&
fee, T)=0 4r all 2 00 [/=W=R" N E=3

W

Yy last) | |
Ex H A= [cos O -5 g _then
ca 6? €7’ (FEE Sectron fz.'f)’_l'éﬂcﬂ‘,fw_uhu.-rh'
‘ v /?: 2 r.ui-‘.n. d L@y
T- fR -—-M, rolafes EWVV e’ff'{.?{W’
i IR* wwfifﬁ, n?ff?im Qhouf he

an;q.«i-: .

( ﬂﬁﬁbﬂa} /;’H?f? f{' /;a J"f.z/
{TC /4: I Y% 1 €
e A= § ]t
— I_:R.l '.'"//?z. 5 o )ﬂg};ggbm m f?{z.

Ravde= (101w ]-14]

I
X

{K_X“fvjfﬁ' 1@}



Lt
£x ﬁm’/ff:&/?g]_ -

let [(2)- AG _defue T: K¢+K?
ﬂ/)ﬁhfj the rﬂﬂya pf (’(z(f/

- (5 8- (8]

L) .fm.J I%E pre ;mg{yr: of (3 0)

)= A
“..i) : ?L,)

][véj“ (3]
g OJ)

t (hee)




ijé}lcl the premage of (%2)

[ 513]

fmmﬁm : e s

J’k Efﬂ#’ﬂl‘*ﬂ jrf f
. Jﬂl‘f'i ;
He'p tedf pad

Driviaiv Co i

ﬁﬂ f_m{( to rofation g)(
(£.1.¢)

6.4



60,1

6.2 KERNEL + RANGE

let T:V-W be a L]

@) e, (T)
i ﬁ.ﬂzﬂd m[ 7
= {F " V{T(G/: fjw,}

= set ;?f‘ ve/c,ﬁ:r:r (A (/f‘fwf’ 7
mogs 0 C’m w.

€ a sulspace of |/ (/;' B4/

hab vufow
w W Wit L-L
s “fq_ leevnet?

.Izré:}zue

Ex TR*—=R?,Find ke, (T
Tlx :;// M Cproection on yraXis



601

9,
{?:5 (frce)

Ker CO= {l2.0) [+ & vl #D

X—axiy
iy VANE

el

T(E)IXJEMJ;M Ti/ff”'-*/f?m (#f LT an be given érﬁm«#ix.)
Ler ()= {R in Kﬂ/AfzﬁJ "
= M, Hhe nullsace of A

/1( nﬁ'w?ﬂﬂﬁm = mdm (T)
:’ o neli] (A7




625

Ex TR=R"
T(R)=A%, % in K’

B

Aﬁm:’ a basis for ker*(z} ﬂf. a”.fué.pﬂlff of zﬁj
Solve AZ=0 and fnd o Lasis h MA)

Tide]

S ¢ A
X, = ~Jt ,
Xy 2t —



6.0

7 ;
Rz “LL[}] TR drl,yﬂﬁf#}fq?[r}f
[ R | ling. 1 R 3

ﬂu”x'ﬁ/ (7:’] = /
vt S  fead Fxe [~

@ Karge )

2 I"T(ff}) !{; ix (N {/} (wa:?.:‘f)
L5 a J‘uéJ;?ace ot W |




(2.5

o X

[R)=AR

Then, f’m'!fﬁ (7= {Ax|% s m K"}
= L i R™ARL is connstent ]
= Gl (A), the calumn soae of A
lts dimension= rank (T or vanb(4)

RY=[R*
EX 77';)() Aﬁ X.JMR

")

Arm:! a émrr 7‘3}-’ fanfﬁ(p at &
,ﬂf .yﬂa.tff; (.F' ﬁj

U ':?H

Trow *ELAE 27 I'rSAafﬂe

/(w[@zééz}
0 O 7
Oofo

“
(GKE /,_3 art fw'ﬁ‘ w/:.



hl!

6.04
?Exéf C-:?KI. {,j _‘{Ecu_ﬁ

UL

Wt

/ﬂ Lﬂa/l.fﬁ{f‘”u%csz? [ZJVI;VLJ ,Wéi'ﬂfi a ffﬂ 5%

fﬂr‘l

.@_Jﬁm_ébcm.uﬁi
D pank (T) + aullng (T)= 1

c{;}ﬂ L//én/qv. (U) t afa}m flff’w( 7)) = oﬁfm [Jmﬂﬂtﬂ’, V/
I&):A% et
[A] ~ (%“‘

yﬂn ff,f. T) # f G:G’{J'
N r}y {T} #my}mvﬂf coly

Lead /xr £




(L7

B

" ”’4"’[%}5 | § ] L
QUEE

Sl roak ()= dym (Range (7)) -
. :E%,(U o (ke (7)) 1:1@ nk (T

()
O) When is T " One-to-Cne” (I-1)7

© . FUV"EEALA P . /'f:m E(V

H:i'f"'-’“‘# Korge(T)
{i VTL'F'I!.V

W,f»eﬂeuf;f' ;r(w) T{er) f.fien b= Ve

(y

U'f + 35

Ve,  n't have 7
7o) et vectors wl
Imme,-m?ﬁ



7344
P in bosks!

(04
( /4 (T o5 )‘, ;/QF(I):mfmf;%M
E}ﬂ Ir E /? pn.‘:, 5,, —*P-;w
RH
p 2 Y
o has 0 or | .rr.v/ﬂ.i @ solns
. FIW - for eviry é- In ;‘F\?m s @@‘@yﬂ?
b 7 f‘f means A= J o, by the Gl " G e
- ~ Iéufé ca{ of a var-ech, Maffaf/_“{ Aay a@

o
M_

TR-R ], .
TR ') il e

T 0T & |- vank(T )
¢ f__! f:ﬁj:w# cn’:} #[a&ri/

/

f"ﬂn!&CU + w.u/f& T)“"

QJH-‘H{KEV{T};’
=0 & [ [+




6.0.1

_@Mﬁﬂ E‘J‘ T (ﬁn fﬂ

2 CﬂLl W oin W_Am‘ a nﬂa@}cﬁ‘y,&—uﬂuyﬂ sl
o lnge (=W

L r‘qné_[?)f J&n({/f/y |
i —

HIRI=Az ~ -
[ & onto :fx : 05 WH.Eérfmf i[a;revery é MKM
I cols. $pain S@ @/ all &5 are kit

erm[arﬁwﬁ

e of A }mm@

Eﬁ TK—T__}K@(JWWJ
IR)=AX -

EBIEED

T L:@ |
JMV}M )

-“.;mr T:\V=W
5.ﬁ£ mf*'h?‘m{ EEIMEM éE’_._
neithe

ir onto

(xzLasis)



W bty

Gr =t N f'hol .I,EI'
Ermpar- ehfihit

hufw.fr
] I;‘i:fﬂﬂ'l-'-l

?&r' vt bt
W‘nfm Vir st
art i, il

haf 5oy ¢ g,

Complated

a banrin L
.‘r‘l-"‘f M A.P‘Ih.:’.l‘

vaild ha 06,00/

o (i€, X [,u-’i'l {Flr‘ifﬁpﬁkimtﬁ

#Jm jf.‘l;bv:
Coinv, 4o
fgi’h}‘l:, fﬁfrr.r-

MJ”E ‘

(L

& TRE-K?
[(R): AR

0 =2 |
o~[fg5)

H/é / a ‘f(vi[LL’frﬂ"[ @'
mm }‘Aﬁ #ribun JQ‘@[M
S0 TJT /"X

Ma{ outo. [y an J.Eaezm;zm/am

({,E im@;@é!hm[ QE |{e;fgr_f ?Lﬂcﬂf

Vﬂmef W ge Vis ?‘l{fy{ iy
0 ¢—trone and ot lnea T: V=
I%.QL?L mayyi1e§ .ﬂ '.l%f: VLT ot V v
with the vecher of W, @
> dmllV)= dn (W) (F <o)
¥ ~ M ~F =~ B o
-EK R = M}J —/L{fjs-d /p:-{r-ﬁ ):f/;{.’.fvﬁ’ deg.
Basis © L&, ke, &3

Yhwd!" /€ ¢
Aot [d} © [r!} DL GGl HOK 4G @

(G Cy [: _IEZ;T I&Ltﬁ‘**ﬁ] o
[ral6h,)=[G
o vf{,hlv" ﬁ
| W 'ﬁ‘lﬁ J}ﬂit
[hese spaces o fﬁq Scymne” ut itk resyect bl oTRi®

vector + ’,, H.S-r,a e mul'lf.

bl 12



(.31
S MATRICES LoR L

@TAﬁ ffﬂﬂa"ﬂrcx fﬁ?ﬂ]‘ }‘!‘;'9:’ //{7’1

[ﬁ.’d.‘ J 13--=,§ﬂ }

A

fl[ w e x(.i’lﬂm .A_cw a /u-u.'m-- 7‘ mﬁ/r 7]

éﬂ.ﬂi 0{ ﬁﬂ?ﬁwﬁ /(wm- A«w T mag s

9-a—y My

n 0

MM&M@&EK ?4»** T:fR ﬂ--ﬂ‘fﬁm [/mmf}

ALT€) Te) - Tied]

[ﬂ/umn -{H'I‘I T(éjﬂ)) r"AE wmage 97( éff
(the (* st basis u-tt‘ftw-)

mfan(f‘)f/{F :Qfﬁﬂz:’l,t. v fhl ﬁ-Hf



6.3.L

il of )
T e T(t?) = T[[ ])
”EL;{T';?J ek, b P
=T (v.€ +.. v fh)
=y 1) r. + v TG,)
A7 =(16) - r(fs,.,),J[vf’*] -

l»hfa?-rﬁ'

}
v, Tle) ¥ +v, Ue,)

2§

-

(© Exaupler
fx T:R* =K
lixyl= (x+y, {x, $x=%y)

Method | (Kon!)
Tle)=T(Ls))

= ([+0 Z(/); 31) -4/
<(l, 73

G2 () 300-90)
={l, 6~¢

A=LT@) T(e)] - [ { cé J
.



61,3
Methad & (kg trud)

M{;‘;f-t Ceo f?t‘ﬂ”?.ﬁff T(x; ) ' Fﬂr.:rw.l."
((ﬂu ;”wj&t “Fffmfj il

X + y

X

A:[z 0

LS -‘-f]

EE_L[:&_M J’éw"'ﬁu‘f‘ twf;rn-ry E

[ R - RK* -
r(x;y,t): (x- fy) foy/

- Yon '
_ X Ey fﬁr—f;f‘
é-x y o I eoldmp

Az [Ej ) *IZ' g’]

ey RS 1% / 3
PO wEiY J 7 =
il -'IR ¥

ﬁﬁ. T:KE - ZJ r Jf}—t*&l&f vec Tous gy a tacte of v
b | Te,)= T(Lo))=CE] MethalZ_ T y)= @52)
@)= T(C7)=(?] e
4 T4 eq, (% 2104)=(F) '



Pk

xttasien
Lomposihon . (Motiyates ff ¢ way we mulhply matter))
Meger 1Y rm.r
Thir (5 wh
R ANACE L6 - /:f 4 7
S5 - Homy G
-Ma 91 r‘ M qu ﬂ’(f?f ’pwm m?fﬂ
Py o Rk RR™ Standocd maties
T SRR e
"'-lh-1 Ler - Lv?

F ey ey i iEAJ {}'( J? (ﬂ,?;jj
.JI’Z?;SZZA
ﬁ:l-ﬂw; ¥
ﬂfmﬁuuh A zak:ﬁ fan § .
r" (v) = A7'p

Uﬁdrt?'c.f T
R" r"
“IP.-I
i‘;,ﬁ?if? ﬂ,fﬂfﬂr’ Tfj‘ mwf.r-ﬁé-/ﬁ > /1’ iy f‘nv-:rﬁagé'

g ¥
T s c:wt h:—uﬂt’. auu.ef
Gn -'.FWA:}#M @

feaa/ éX ?%ﬂ ;.E-V'f)



A fow doole
[ Y

ffaakurfr A
f!‘-ﬂ«I 5.-‘ ﬁ‘ﬁ'ﬁ}

Wha WHIJ lure
or A1

o't ¢

Clnfurt wiA’

(41

LY TRANSITION MATRICES and SIALUARITY

E!:E,&?.L .S-;'m.-'faﬂ"'fy i aw-MLm.LL_LtZa.ﬁmi

A A" A"~ axn
A s cimilay to A (A/2A4) &

r‘:ﬂ"f existy anjzhuﬁr_-ﬁéfe XA wiakhix /9
such that A =FU4F
/MuH\ 2ys!

——
—_—

: | . ./’_____ -
@ @ (5 .j.ﬂ'l-'ll-;dl-"' fo t‘fdﬁ/lz) O@ﬁﬂmwﬁg) Q"‘/{’D
bt A=I'AL (let F:1)

QI A7 15 simitel to 4, Carig
Qiféﬂ ﬁj;%ﬂ;ﬁ}afﬂﬁ (jymmeﬁfy) M AMA

')'f)(memﬁf?-/jf P"AF
PAP-1= PR AP
prisd
4= tar
A=q'AQ et Q="

e — i
@ ‘( /4! 15 Sim /mf 1o /4; /’{/‘1 m/{/?\
[rV;ﬂIrhvrf‘Y

ﬂni/‘f j,;r Similar— o A
'#IEH A 1 5 .L":H'lllﬁ.f o A

froot #19



(42

Wl (hom 47
Let E'= {0 e, 0nd be o buss b K"
let 5 = £6,€:,.6,) le the standud buss.
FZE hrausifon Bt X "Q"’*ﬁ [(" ' 1o E iy
P=(2 o, 2.1
kka U C3lgr are the coords of % relane s 8

ﬂfHJ &J ,{SH}
ﬁéﬁﬂ
g,":éﬁ[f]ﬁ” :[X]g
= Ole= PR
£ mEﬁM (e
e
Ex B'= {41 (1)
f - !{ (] w ‘w,1)
P /7
k
; Gy sl %
Ao 5 .
Jg"’{ :;;‘; il GJE: F&]gf = [‘fJ

‘LL‘__"___#/



(¢2
@ ?E /%1[71)( Af’ T KE&?M o « .f'%ﬁ.[*ﬂmaérq/
VATAY

Lx (42

0)bind the matvix A' o TIRE =R
; 7-(&.‘7//3 (x + v, 7[/%)

St 8 /

05 before, rr_'fqnbﬁ fo }éié Layrs K/: I‘(‘?{,f)j {/ "ﬁj.

Sl

T/H:. jjﬂﬂyﬂkﬁf Harx 7{_”,, 7
(relatie +u the .cf'anJg;:a{; Lars/

Az 1.
[¢ 4]
D haertton wabie fe K b £ s
Pal -4
-
Tfun / le_’ hanatian marix hosse K + K ! iy
-‘? '

P_!E#'['fz ¢
&P L-1 -4
e

1) 4]




(ET

A!ﬁ' ates entirtl,
w.*"l:Z?; fhe E#nf-fk?;
of he new, nonstandod ()

i J}fﬁem,

.. Ae gl AL HEE L]

[ EJ
= XY -f,
C;_D

Vestvibes T selohe v £

rf-'('. 1o H‘l{i‘
quy.j fl?a'l-(m. .
thy e

i:’H{,nIr{f Eié | '- TM m;,rﬁffffj l’%ﬂ}’fff_nt f'zlf Jame l{‘;’ffﬂf
w#féruw-: T-' ‘/"L’{, mayé’ e wﬁeyecf o ué%rf.ﬂ?*

Laes &> _tiuils-

=3 =
e ——

Euses - £y £
\g/eft.

/Huﬁ*r'wff ff T
b T %/1 M Gl

—

s £ bk
St dave-mn
]-34?-{1 al Al L"I'u

Lok, Ll )
jeile, Crpaly
{not 2recy )



Ll H*'l.f

U‘-'*\-I?‘.ill (LI l}dﬂﬁ"'f

g+ alr'hf‘..r F:T :

H urpaioint
Al it o

’Hﬁ?fr" PN YA
.;‘;ﬁ.e-_.-,"-{
L by [
1';"‘-“-l't .'rql-«_,[ll [t b
"j./\m 1 “;rru'l ﬂ |
. Lﬁ-'_,f Bl |'I'l,ll"’t:-
-3 Fr [!I-Ta fadrn ;J

%’?mf ali-'-' f"z\fft IJMHI&V' mahaces /{QH w1 Chintiirdn

hale (&:r)
el

rani , aalli _
ﬂrgt’nmfmi:/ ((4, 7)

5“”[{!35# inkan ﬂfi

rl{far’ pa}: ,( /J-e e :?Y( Lf c:inj 1{1&;» MMEJ‘
;{ ? fi:faﬁrt t'?;i?}"ﬁ/" [Zmﬂ-.}'“.) mq/l‘perh:!ﬂlf.

§£¥S



(#¢

From Matrix Analysis and Applied Linear Algebra by Carl Meyer
268 Chapter 4 Vector Spaces

We share a philasophy about lincar algebra: we think basisfree,
Fart when the chips are dowen we close the offiee door

atd compute with matrices like fury.

Irving Kaplansky (1917 ) speaking about Paul Halmos (14316 )
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