Isewwrph}sb%.
Semedinter dwo Yedor Sk cousisf o g{;wfs o VMJ o(n"LMM W@ bt fetore
idenst-i ot Vhe adpelyay  por View. e desrcribe A precise w “identi ying * veckor
%mﬂw uﬂ\ﬁ[ peindt o Vi W crife a4 precise % 4
Degivition. Let V,W 4e vs. We Soy that V 65 isomwrphic do W ip There exists a  lin. Yrauy.
T VoW Huwt & invertible.
Sur @ lin.Aramsg. i catMed am isewerphicm  from V oondo W.

Node. 1) V is tsomatphic do V  (usi T,). o
D Vs isewn}a/k)‘c do W/ = ‘UW ic isoWrdJ/i"an v £ xexsice
2)I¢ V is isewlorphic ¢o W and W ic isomatphic b2 than | i /smwpkfc do 2.

Thus somorphism & am W/‘Vw/woa reletfioy ov vedkor Spots.

EXWP/&- Lt T:F*= P, (F) j/vm T/q,,az)‘—‘ﬂ,-mzx
Theuw T is am [soworphism, so  F* & isewerphic do P, (F)

Therrem 2.8, Let V,W te gin. dim. vs. sver F.

Them  V is isoworphic & W i¢ and ww% i Adina (V) = dim (W)

Pkm' st A T VoW e am is&wwrfhiw provm Vo o W
Bdﬂw. lermvwma wgm/e) a({Wl(V]z o(l'lM(WB.

E" Suppoie diw (V] = din(W),  and lek o2 Svis s V], 82 Twyse, Weg e diits for Voand
W, r .
&5 ‘fl/uz:'zztz.é) Thre oxxisAe T: V=W s+ T is Jin. and T (vi)=w; pori =p, ., n.
&a TL\WW 2.2,
R(T) = Spw(‘l’(ﬁ)] = Spwm (§)=W , so T s serpcbive.
P)& Thaaveru 2.5, T /s alrw fw'_)‘fzu('l'v&-
Heme T is an  isewrorphion.

WWJ LAV e a vs over F
Theun Vi< isohmplflfc +o Fw it omnd yw(g ié Ains (V)= u.

Up do (his poind, we hove associaked linear frausgormartions with Viair mafrry reprecodbtiong,
and we have seem MW‘?/@S Ledweey Ve efwwu(;m ou ﬁ{V/W/ o d M oy (F).
Now we cont sthow ttat dhese 4o Spones nay te io(wv‘/"z/’lzo(

Theoront 2.20.
LA V,W 4 vs. over b dim (V)= v, diw(W)=m.

LA p,a A ordored fores por \/ and W, rvespoctively.
Then ¥ra punchion P L (1) = Murn (F) cogined 4
QM) = LTIp  por adl TeL(v,W)

is an [sewsrphiswe.

P,
By  Thurem 2.8, ¢ & lineanr. So remaing Vo stow ¢ s a {ijecton.
7%14/1‘ e, wo need o sty dhat T ey A€My, (F), Hlave ic awnigue  lin Aramsg. T-V=W s+

P(r) = A.
LeA p=5vi,vid, ¥ =3w,. wn§, and X AeM,,,, (F) 4 Gireu.

By Tharem 2.6 . Hure erasds a IAMt'ti/ML lin. framst. . T: V=W s.+.
5 w7 i
T(vd):.-Z.A'JN' sy 2n,
Rut Vhic meas ot 1—7'.]; :,4-) o ¢[T):4, Thas ¢u I



Covollary . J,ﬁ olzizu(l/)=l4) o//'m(h/)-‘-m/ Then o im [ﬁ(V/W//:WN?
(by ™ previos Viworew, as M;W(wau(p—)):mw)4

CAWVI}@ @(_ Wo(/wwk Ma)frlz\’

W@ have seem Ylud suce we ,L(xamch/ééisFotza ve. Vb wery veedor e V we com
a/ss/gw its  corrdinates [M]}‘ And s:'m,'/wljl for T-V 2V, we assiqu (45 ndtrix vep. L71g.

Hower, dhuge comrdinahes  depond o /B./ And v te dif porent o cwice o am evolred Garis.
EXMMP&.
(0, N iﬁi— ~4-,M \/: ]RZ
| P=100), (o0f — srdeved rgis
( EV’I)3 = (l[)

=10 l/ Gy X ¥ = $ (), (008 - awflor oroloved fusis for V.
@1,-1) EMZD' = <ii).

We wm’o{ //ke a mejﬁwo(/v a/o«/iw(e fﬂ( from CWJ} ) for om Mgi'frwvé Awice oL )& 01440/ .
D%,im'ﬁ\m. LA P and }s’ be tvo ordored bucer for a gin. dim. vs. V. »
La dogine  Vhe u{/wug,z o coordinafe waArix  (or "ohwduﬂf frsis Mm/}”} to bc & = [IV]}/.

Theorem 2.22. Y

)@ is mvertitie. (od &= BI) ),

2) For omy vel/ [vig = Q [Viy.

Prw@

N As 1y is ivn/W"H{{lL) & 5 adse wverti#le %Thm 2.8

2) For ve V

L m:%- [Ivc)ol;s: CIv]JfIvJF' =@My, by Therw 204,

Sa/muu'\l‘.)lg'[{/(a éa Q‘/ (‘/{/u/ma,(,g the F—?Wfdiww{% 9},,0( Veo?"b’v‘ ) 1+s P —Wiwq}k&_
Aund W’Ml‘/lf/ﬁl“j éﬁ ] c,h,wwi/v& )s—carrrf/ma;('@l iAo }—mhllwwﬁ(%.

Exa/m[yb _
Tn < Wwp/e a/gﬂ’e/ [IVJ:T: (0' j)
And [y - (7)

Hene [ugy = (;/_7) (:,/) - (/I)

Deginibon A lin Framgy T VsV prowt a  vs. Y/ o itsedp is cafed o livear sperader w I/
Now we dAermive how Vo caf oloatz [7,7}; from [_7]};/; o o e oroyed Gk por V.
Therem 2.23.  LeA T be a lin querakor ov a gindim vs. V-

Lt p,p’ 6 o;o(xwe/ foins fer V.

ﬂLj:; @ = [ly]/&, Y Ve Cha/bfgﬂ f wordiuafe ma/(\r‘fy; yﬁmj/t,j /a/—mwl»; 1fo p-coord,

[T1y = @ [7],8.

Prosg.

Recatt trad  T=T1,T-T1,. )

QLTly = [L1) 073} = [1,733 = [T1,3) = [13, [13p = [13, Q. (b Vhearsns 2.01)
Therepere

K [Tl = @ LT73.Q.



EXMMf/Q. -
Considey The //'wAthﬁ’f T e IR MI'MM( % T(k,ﬁ )= (Xf—i/ Y'a).
LeA = £0,0,008 and f= {0, (0,205 b ordeved gpees.

G?Q[It}j e W ey - ( )
s fp s () Mo Ty =0 o> D) GGG

DeAerminants
B%iwid’l}ﬂ’w
Let AeMnyvn( FB
DFer omg 1¢i3¢n we olz‘r.hj&d’lw togotor maAtiy o the endr A i rew i amd
Wmh/‘ to Lo e madtix A,,Jé /\/](’M)y(ﬂ‘,> (F) gMpiuep( frew A 52 ,,(0{“4,*% Fow i
omd  colpan .
) The determinant op A, dewted deft (A); is a scadar in T degined recursively ox follms:
—)(. M:l) So M A-_(A,,B) we Mf“& M(A)';Au.
—pr w2, we degine

deA (A) :.2i‘(—l)ua./£\;“)‘o‘vlr (Av,)) for avy PR (-f’lm mmul«g/besm;m
2! )

5) Equiv ) pe Jave il :
det (A) = %(.,)"’A,-) "”(Au) fr g 12 Eh

EXWWW/'Q. Lekre consider i Ak N=2 .
= A” A’l | .
LA A (Az/ Az;) e MDQ (F) 4 Jiver

Acording d» e o(l/(_/'u/‘v‘/im/ we Cam evalugile s dedermivpyt Mm/\j W'f('f row | .
L Sdake = ~ .

TAW M\L %ﬂuﬁ?’f W’m/—ﬂf& a”g/ A,’/ = (Azz) q”d }4,/1 = (A'al>.

Se dot (/4,,,): A 5 A (Al,z)’-Az_l and

det (A) = Z_ (—:)HJA,J-~M(;\V,})): AuAs A A — the (awilior permula .
d:l
Example.
I 2 -2
L-U{ A_’ <‘B s ZJéngs(R)
-y L -6

qu;h , letrs  cadoutode At (A) %/‘MJ cop oA s a//mé e 1% pew.  We sbtain:
of«vf'(A) = (—I)H'Au olet (X\,l)’l' (")HlAlz_'M(A\")’-) * ("), SA}a ot ("Z\/'G) =
0N 1 dek (:’; _26) + (-I)g'?>' et (:j .z(,) + (")L’- -2) - dot <:: _'—IS) =

(500 —2) - 2 (-2 (-2 () ~ 5 (5o - E26n) =

1-22 -3.2¢ -3-(-22) = Yo,

)\l

)]

1"



Proporkies o the deAermivant ( See Sections Y24y in Ve toxd fook (o Vi proops)
LA A€M, (F). T¢ B is amatriv sbonived prom A by
1) switching dwo pows (er fwe M//WMMS)/ Fhawn
deA (B = = det (A),
2) multiplying 4 vow (o a column) st A @2 o schor ceF | tlan
f%( g) = c;’f/e/f (A). — ¢ )
3) adoding a wmultiple rew i rew J(or a multiple o colpwmm |t column |
T k()L Ak ’ e ”
These  properties owe helpeud  por compuv‘i@ et ik,
We oo horve Yhe following properties:
y Ip Be M, ,(F), then
Aot (AR) = dedt (A). deit (B),
5) A s invertible ig and only i det (A) #o0.  Furthorpre,

/

dert (A7) = Ty

6) I@ T, éMm,,(F) is The Io/wvllblﬁ ’Vlﬂfﬁ"h(/ Vew
OJQ}{(IM)_— /
\F) det (A) = def (A*).

The WMMW Me rows o a wafrix degcrifed n 1) ,2) avd 3) aboeve are called

Nementory row elowa)('t}m&. =
Fadt. Usig hele speralions , we cam Yramggerm Squane paATix lodo am wpper Vrianguler
matrix . That 18, 4 mpArix ep Vhe form *4 j

A, An - A
&OA“.\“AA“‘) - M abries bedow e O/I'ddirva/ e 0
Fot.  T¢ e M (F) is wpper Vrianguler | Tlan dA (B = Ay Ay o A,

These  dwe //ao@fc Sﬁwp///ﬁ CW!@ he  deAerminannts
EXWW?’/(L' g )2
LA R= [ -2 -?'/-

¢ -y

Atelyrvng Semendary rows epeyafvns ) we have

() /-2 =3 =S\ (3 [(~r 25 ) (z) -2 -3 -g
g > (o / 3)——5 o / 3 - 0 ( 2 /.
v 4 A o 0 24
2 \ \

eydwaima VOWS | and 2 n»(olrhé 2x(row 1) Yo row 3 mJJtl/a [0x(rev2) o vew 3

As  z) deten’t megz Vhe  difermingudt, we have

-2 -3 =S
M ¢ ¢ ﬁ):—z.l.(zq):-‘lﬂ/w& @ (1) VWZ Mw«j@sms‘}jh % M/ we  hae o(;Xl(g):l{&

4 -4 4



