Midderm 2 Review Sheet
Linear VL)"a/VlWMlM
Deg Lt V oaud W fe vs. over fht sawme gidld o scalors F.
A Nin. Yromepormodion prem V. o W is a Wc;(-wm T: VoW S«/“@@/Vbj
/) T(’”J) T(x)-v‘T(J) for oM X 4 e V.
T(ex) = ¢T(x) tor ot xeV amd ceF.

Fr,PJz/r-H% o liv. WLVWWM«W

Dbt T: VoW 4 a lin trowp. Thou:

4) T(a) —0 n

@)T(Z'qx) :%“;T(YE) tor all x;eV; q;GF_

DA tunckvwn TV W s o fin tramsg . &> T(exsg)= T +T() por oM xye V), ceF

Thm 2.6 LA VW e vs  vs. over a pield F, and € 5, v,0 b o bosis (or V.
Thew  for vy Veokers W, W, e W Thare exishs ety ene lin transg. T2V W s,
T(v;)=w;, (v [1<i =n.

Deg LA T - V—>W % a lin $ramsy.

)T is m/»wéwe e T(v)=T(a) imlies v=u , (o oM uvé 4

2) T s WJ@@Z/VC I por ey welW theve s senme yel st T(v)=w.
3) T s /du)‘f:ve e itis AL ivjeAive evd mrd'a/ﬁ'vz,

/Vu// spoe  and  ram
Left V,W fe ve and T:V—=>W a hin drang.
) ﬂ\e null spae og T is degined at
N(T) —fxe\/ T() = of.
2) The VWJ/V- GiLT ’5%[”/159}0,&(_ VMMMT/W[S he sof
R(T) = ol{el/l/ 4=T(x) por some xeV§

Thm 2.1
/) NCT) s a snbspace o V.

:_) R(T) is a swhopae of W.

T is iujective => N(T)= §o3. Assuag = 5v1,,V0 s a 4a5is for V.
) T s swrjectie &> R(T) = Thew R(T) = Spam ((Tar), .., T(v)3).

Thwr 22 (Dimension Thewos)
U{' Vh/@& vs., T V—‘?W a //.m V"V‘WS/F ) and o//vw(‘/) £.00 ﬁw

LW 2.9 Lef T V=W 4e 4 //‘M.+}’W,C‘£. Thw 2.2 led T V2w be « lin Aransg.
I L
L dim (V) = o//m(/\/(l))+ o{:m(ﬁ(())

Thw 28 Lt TV oW fe a lin. frausy. , and asswme  din (V) = diw(W),

Theu the potfowing are epmivalenX

/) T is mdz,d‘”u/z

D) T is surjecdive.

3) T s él}MIVE

q) din (R(T)) = din (V).



The veokor space o linear frmsprmations  K(V,W)

Deg. LA V)W oe vs over £, and lh T Y :V=>W e livewr Vausprmad ivus.
Thon  we degine  Vhe punctwns  Tilf ond T, (or every ae:‘:) 4(7

(T+U) () = TeI+Ut) o M x e

@T) ) = aT() for ot x V.

Thm 2.7
l\l_tL T am/ U are /;MW/ ‘h/ww T—f—M ano/ a M arve a/‘so /[Vlw/r,

Deg We denede He set op atl  lin. Yvamsg’s pom Vo W % »C(VWJ

Thew (4 i a vs eyer F} with Ve o"pwa;"levs ot adodition ond  Scahor mw/vl/,o//mw
deseribed  afsve.

When W=V , we wrile A(V) n sead 4 A(V)V)

M advix re/fr%wm‘qv’/iw 5 a lin . ﬁ’w%.

Deg Lt V be @ rs with dim(V) 2. Au wobved fosis for Vo is o Gesis for V' wiv,
La specigied order on its yveckers.

Deg Lef B = SV, e Vnf $e am ovdeved  busis for V.
Thew arey vechor xeV cam fe  writtem  as
X2 a4v, + . xay,  for Sew< unigne  safers a,, . a,eF
We olegive e coordinate veckey 6f X relafive o E @2’

a,
Sy = <q1> ¢ F
an

Doy Lt V W be vs. with ordoved Goses g =5v,.,0.5 ond ¥=5w,, . wa re/spw(ivw{d.
LA T \/;,w b a lin. framspormation.
Then waArix represenhahion o T in ta ordwed Hpset Boand ¥ s degined ok
Tle i\< [:T]X é M,y xn (F) §iven @Z

[T_(Z ([T(v,ﬂ [t - ET(v)L,))
l

wheve [ T(v), ore m wordinakes o v vedkor T(v;) W with respect do (e doris .
ng V=W aud p=0, we suwrpta weile [)jji

Thw 2.8

LA V)M/%a (Lim.o(fwn v.s)s with epdored foxan h2 and ¥, resp.

LA T,u Vs W 4e in, wms(,«rvam They :

l) U =T (meam M(/((x)"T(mew“Xél/) 2=> [“]g = [Tj}a;.
[mﬂ}b LIy +[u])}

S (15 for ol acF.

prvpos/h}m ot lia. fraysg's  and wmaAris M/v‘,p/,cahm

D Let VW, 2 be ve’s over T LeA TV W and U W2 4o v tramg

Tleir Ws&i+‘m is the fumcAion MT//»VW V o 2 dzxf.mw( %

 UTE) = UTe) o at xeV.

Thm 2.3 11‘ T and U are /méa/V‘ ey UT s oteo linean.




Des GCivey waAtrica A ¢ MW,W (F) amd 86/"/,,,,,, (F) , we a{%me the  produdf
AB GMW,XP(F) to Le Ve paaAric wity vhe enAries

(A &),')' = ; A By,

[L\m 2.0 LA V)M/}Q_ te tin dim. vs's with ordayed later L) p,¥ rwre,v@ivz/(/"j\

) for \e}EW\) ,53&1&

L T:V W awd Ui Ws2 be lin. J’b'owns«fe’rvv\ou*l-m& Tleu
Cutlf = Cu3fCTIy.

CM"OMIM/H Lt Vo 4e a pindim vs. with on  ordeyed fosis F
LA U c R(V).
Then [UT]y = (U3, [Td,.
Thwn 202 (P roporties o watriv w [#ip licatios).
Lex Ae Mun (F), B,Ce Mm‘,(F), and D,EeMarww(F).
) A(B+C) = AR 4AC  and  (D+E)A =DA+EA .
2) ol(A%) = ("A)B:A(NB) fof M"ﬁ ael.
371MA:A;A1M) I 0
W hevz IkiMk»k(F) damodes Ll ‘lofxwl)&]% m()() IL = ( '>
y) (AR)® = p*a
S)) Té )A'HM(V)':V‘ aMJ I\/ : V-bV is Yhe iOIU/\*l'g Hm% o V ) L (W CIV])}:Ih pr wug
" ordeved Josis B e V.

l.
0

However | wokeix v [Fiplicokion & ok wcmmutAive, hud ic AR £BA j,wua/(

Thn 20 Lok V)W L pin dim vs’s with opdored foses p wd ¥, resp
LA TV =W & a (intromep.  Then  for cach vedeor welV we hwe:
[T, = TTI} Cdp
(Sa/we. cadoulahe g cootrol i a Atk % flhe Vu/(-mr T(“) frem The WWO(iVlK/(‘Q& o e V?A/{'&’V H).

bﬂ. T, ey wakrix A e MM,‘,,,(F) , we associade a  lineen %wvls/‘wrm/wﬂzkw LA : F"4>Fm
M[M@/ ,é,?
Lot = Ax  por ever (co|wM“) Vet xe ¥
We —catd La Yhe Jb()(‘~mulﬁ‘:h'w.)(’%4/l ‘(’V‘MWW

Thw 2.5 ( freperdics o L./_\\

LA A e M, (F). , "

Te Be Musn(F) sad p, ¥ ore fhe shamdord ovolored fises e 7 and T vesp ) Yaw:

a) [LA]A; - A

g) La=Le 5 A=B. . i =

o)Lf:L\‘L/)_a Za. fer aer.

i It a’\". :"' .,s,l?:“" ‘e Alin.) -{’b::m Neve is « wvn#& CeMm>n(F) 4. = LC_ T {_M) C—’ET:{;:_
O Te Ee Mypep(F), thom Lo = Lyl

O I w=n, theu LI,, = Ipn.

A(Bc) = (AB)C.

Thom 206 For AeM, (F), B eM, (F) CeMp,(F),
L(&o wi a A ix W%}P{imﬁwm Is G/Sso/c'm)ﬁve)



Tnvertifil

DZ/{— LA VW 4e ysds amd T V=2W linesn.

A lin tramsp. U W=V is $he invense o T g
UT= IV o d TU =IW.

2) Tis fuverti®le g it hos am laverse.

Basic
D Te T e iwvur‘\*l«e{&c/ Yam Gts  wverse s MM/ wnd s deowArd % T
2) T is venrtible /=D T i a 4'/)0(/4—&44.
z) T¢ wa are fm—’vwﬂ-{@/f,c) Yhen
v’ (T[/{) ! = M T
. (T—')" = T

Levmma leAr T: V=W b /in. amd /MVW’HHZ/ and a//mfl/) <.

Then  diwm (1) = dlim ﬂl’j
bep A matkrix Ae My, (F) is inra¥itle j pave exast B e Mp,(F) 4. AB=BA=T
L Ie swch o B oxishe ,fhe Tf g Wm'wg' , caled he inverse 7 A aud g'bww@;olg/l",

Thwm 206 LA Vi 4e pin. dim. V525 with wdued frges B oond &) resp.
LA T: Vo W £e lin. "
Theu T ic mptile &> He  wefrix ZTJP s tven+ifle.
FwMW{) I:T_'jﬁ = (ET:(;)A'_

IWPW%
D% Two v.e's "2 oww(h/ are ismwd/hxc l’f there oisde om lver ti¢le liv. *Hrowv&(»_
L TV SW. Such o T s coMed am sowsrihisng prome V ke W,

Thwm 218 Twe fin,o//l/w. v.s.’s vam{ ‘4/ ore iso/mwlp%/l D) o“wi(v) = o (w ("‘/)
Cwe'uwg LA Ve o vs over T Vhew V (sowmr‘:bn"c Yo S:M i¢ amd VWA/E] i dwm (V) =n.

Thn 220 Lt VW 4 vs)s over T diw (V)20 , dim (W)= m,

LeA B, o A wded &osr e VW, vesp.

T Yo wop P LOV,W) —> M, ,(F) degined by
P(T) = [TIE for ol TeL(yw)

s am ZSWF/t’H'SMe
Goehary  Le i (V)=n, diw (W) 2 Aran  dim [ﬁ(v,u/)}:o/,-m (M (F)) = mn,

MW’W}Z op werdinade matrie

Peg  Let V Le 4 (i, oim, ¥S., and (A P avd p! e dwo ordeved fices fot V.

L\M we degine VLo Wag, e iinades  paAri (Wﬂmj R~ cospdl. v‘e/g—ﬁoymlcjaéfn{e
[fvj;f

Thw 222 B— o
) LLp s imerttle  wd (1) = [0

2) For % VeV ,
)[v]ﬁ, :Wa[_fvjff [Vl = so we choudade pcoords o the vehor v pren fs B~ cooreds.



Dq_ A lia. v%’om,;,f_ T V=V s cetted a i der o V.

Thon 222 Lt T 4 & lim_orcm;&ar on 4 fin.dim. ve V.
Lt p,p" Ge erdored foses por V.
LeA @ = LT G e mostriy chavging p-Cords do pocerds. Tlou
[Tlpr = @7 [T], @ = LTI [T], LT3,

Dederiinands

Dep Lt AeMyn(F.

N Fer 12 i,) 2n, leg A;,) EM o) & Ao wafrix laid prom A
by do/ g cow i amd Cobwwn

7 Tha WVIAHAM ot A, Aented M(A)/ s a4 soaler (v F ﬂ(ﬂ»(qmd v’fAAA/(SiVIXj ws‘(,g/m—w_&
For vzl = A= (Ay) , we depine dak (A= A,
For 22! we A%,Mz‘

Ak (A) :i(—|)‘+é'Ai,j'M(A\/i)j) o amy (<1 4w
i~

o " . ~
M(A)=§(—!)M)'A1{)'M(AIJ) pr oy L4f¢n

Prwﬁ% ¢ e dederminanst

LA Ae Mnxw(l:)-

Ie Be& Ma (F) s {le AT % Vuﬂw\u( frem A %

)] SchAm‘vna 4wo rews (er dwo (,«/W/Wlws) ) Yhau
ek (B) = - dek (A).

2) wm(\l'\"?( g o rew (oT @& 00 [uamn ) /% a scfen ceF/M,W,
kA (B) = c -dek(A)

;) addivg a wa (+ple o row | do rew A (or a mudtiple v a columin J’DWMWMJ)/%’W’
At (8)= oot (4)

Theot operadions aye  called dwbw(’wt’ﬁ Vew ’TW
tle Using (/(.vwlimv‘zw’d row operaf s, oy Squsre ot con b trawspormed iAo an wpper

mew wiokriy . Vot fs/ a nwaArix sz tle (orwm ) (A",qA" Alv)
= 22 ALh

FMZ Ié Aémew (F) ;5 M.W»Uf J’V“t\ay\j/w/(m/ *H/u’/m Any,
AHV)

L M(A) = Au "ALl‘ et
Fods | amd 2 com e w2 &”oaw(bw + 3-1VWF“7 CAMMEWZ Ve deder mjpards,

MWQ Hefwﬁ%o(. M

y) Te BeMpn(F) , $2u,
gwf (A®B) = M(A)-M(B) = e (84).

) Als davertitle /=S det (A) 0. Fuctlermatve,
deA (A7) = dot (A)7

6) dast (A) = olet (A*)



gngWS avnd  ejqep vt
D-e_(, A wotrie A e My, (F) s o//adw«ww/ I~ /49‘30¢«r M /‘1/',

Dee A i WW Tef,(l/) , dine (V) cw, s d(agwmq'?m ip flere exiss  am evdued
Losis P fr V such {het L'Tj} i q o‘{?ag,mw( el .

by 1 Given ABe M,,xy,(f:)/v/a oy Nud A and B we Swmilar e Nave esisAy ou
mvectiUe maAvix Qe M, (F) suwh tlat B> Q@7A&.

2) A waArix A e M.,,,‘V,(F) is o{iwgma./fl'ao\/ﬂe it A similar Jo a zy{iadqmqa/ .

Thw Lt TeL(v], dim(V) <o and B,& ovdored fosss (oc V.
Than M(ET]};):JU‘L<ETJ,{).

Thus, def ([7,) does net deptud on p, aud is colled  the dedsvmivamt o T, or Aot(T)

P repesidinm

)T s %id'wﬁve &) dt THo. N

) T Is %.‘J'u/(‘ﬂ/z => M(T”) “»(MT) )

3) Te Ue (V) ,+tan  ded (TU) = dok (T) et (U).

Thn  LeA Te LIV, diw (V)20 ond g om ord. osic por V. Tleu:
L/I_ s Mn‘wgﬁmq\\iof/& =D ETJF is o&(oﬂg,ovw-/(’\’aa/é(ﬂ.

MW«J Ae M (B is o‘l'qgom«/h?_a% E> Lg s off.hgm/m/ﬁzw@(e.

Deg plet Tel(y), duw(V) <#-
A veiztve vedkor ye Vs am %BWVWO{_ Tie T(v) =\ v for Sor@ el

Theu A s au <€iqemn valne o(_‘l- Coreress pomdl ( o Ve cid&m/u/é—sf v.
D) Lok Ac (D) B

won- 2249 ve FEU s am {;rlalbt/t/\/bol's’r o A it AV A AV T sema ) e
Than X e am e}?@w\/a/blw(yf/& MVQ@/F. o Vv,

Tl A lin. WW Téx(l/) /s a’(r‘ﬂlj«oﬂﬂw{/éwg/f(. e awm'f‘m/% I there eslsts
an evdsved Gosis /g {-or[/ ms(%(‘% e t/g,em/;/em‘ors o/
Furdlermere ; Vheu

A0 o
[T, = (‘7 /\1)\0)} wheve ) is the e/iawwa/{/u wrrspondivg o the aﬁ'vw
0 0.~ /\n In F>
Thn $2 \eF is w eigmmabune o T (=7 At (T-AIy) =o.
Coclargy  For AeMuen(F), NeP s wmtignmnlue s A & dok (A - AT.) =2

Doy V) For AeMann(®, the potypomiia () = AA (A~ 1,) is cated
e chorutenisiic F’%"Wlﬂlﬂ/{ o7 A

) LA Viteavs, div(V)=u and B s o erd hasis o Vo B Tel(V)
We degine Yoo chonchenstic prlynemad o T b 4o ((£) = defA(7-t 1)
Prepertios op chur. s
Lok AcMy, (F) L gfvw/ let ¢(£) fe j#s char PW/M.M
() 6.(%) Is op Wuw y avd e evesr F(f)=(—l)w*b"* ('”_,'t +...4C, for se«mzcﬂ/?c,,_yeF.




2) Ne® is au egenvatue g A > (M=o (tt s, Nis a rest e (D).
B)A hee oA et n disYinct QZ,&MVM fa/s tL[-(—) /wiéﬂ)(‘ mest fo»e4$)

Lf)_LF AeF ¢ am Va/ﬂmaa; ) _
& aun -@(j%WM&fA wrresp. fo ) (=> x#o avd  x e /\/(Z—A ‘/\i,:'ﬂ).

xe FY

Duiormrm% cdwvw(ms wnd eigonvabuns g a  lin qporoster
LedA V4 a us o//m(V =un. LA )3 be am ordeved fusic fr V.

LU(’ TG_,C((/) be a i ppwouﬁ(vr o |/
the resudts of Vhe previeus W/ we ohscrite how Yo Adevuive The ¢ val's amd

[

Summmari
tle  e.vecds op T
1) Dedermine  fhe mafrix repretendsdivu [7‘])5

2) Ou{—orwnfme e ewvale o T.
AeF s an eved o T &> kT a oo ot fle  char. rof(jmw-iw( o T

That is ) we wneed 4o {_(,,,,ﬂ The soludious xeF o AW‘(ETJF—XIV\\:D

Thare are ot wast N disdiuchd  selkions ),),,(,Am-
3) New por cath ecval ) o T, we cn oedermime e wrWr/hg ¢ vee's. We hove:
T() =dv &> (T-AT)) =0 <> [T-21, T[], =0
WW« er vecdsrs wr%fw.a(} Y A are e &o/wﬁﬁvfs% 1his ?W op near
( rmere /vrcc/;eéj a/fvuaj this  Sysfenn we find 7 jB—wﬂfo(ww(eg LVg , which

Vhew dc#vﬂwmeg v).

o T.




