”

| MA6T T - Lin}o‘w‘ algebra och numecish analys

Olika \watematiska slocheter kan ha gemmsamima e,ae,nskapw\
fex, Slotenmhes: v alla «, B €R och
Xy &IR" \s4 ar "‘"*FSB""R“‘

y A,G € IRM“,‘V‘ Sa' ar d\Apr émex" S, P L
C.fj € C(R) sa ar foBSe c(m) R
“» -
D_"w_,c‘_"_’ﬂigp_}l (L"V\J'a‘r} rom) o

Ety l-l'hJ'a‘H Fom &ver IR Gr en icke - tom Mc'macl V. dar addition,
®:Vxv =V och _m.ut%ukqh‘on e - In v V' Gc definievcade
Sa att: -
@ (¢ alla U,v € Vv finns  eAt &nl'ksdislr beslﬁm‘{ element u@véV
@ foralln «€R 0ch Ue V LGans eht %‘Lt&'d’;ﬁj‘ deimmt *OU €V

o Co’ljande AXI Orn /r‘a"knclagar dr-up‘ofg!tda fo¢ alla - u,v. we V

och o=, B elR ‘ A : : -
B Uuev = veu (Kommokbiis)
@ (u® V) dw = U o (v @W) (G‘Ssoc,('akvikfl-} |
®EIOe Vca ab 00U = U 80 =u (nolledement)

© for Varje u;éV sa Fnns ettt elevnent -u €V s4 gt U@ -y =

b
~-u & u =Q (adder inverses,, HW u)

@ «o0 (p@u) = (xBlou (associahiviet) - Y . ,
x« O(udv) = 40U «xOV (diste: botivitet) | !
g )

@ («+p)ou = xOu @Rou (distmbohivite) |

@ TOu=u (emhetselement) . \\‘

: ' v ‘)

/.
v -
' g.’ ¢,\"\_, ' ;‘.
. e, : ; "; 4
. ; : : 4 i 4 3
: ' g,,i?

o ’. AP
v $




Notation:

Det reella lihjdm rommer i Definition 11 beskrivs av (V, &, o;m)
Om Wi ecsatier IR med € © Def 11 Kallas (V, @,0; ()

Om @.0 och R ar undecforstadda Kallar u V eht  [injéct cum

/Va'ﬁra konselk venser av @-3d:
* U=V -g.—)) Udw =vew ¥welV/ @
 Noll clomentoh ér enbydiigh bekimt
Raunss:
Antag Gven O eV opp kylles ®.
0, qaller speciells 0" @0 =0 , tnen sedan O ocksa ar nolledesenf,

O'®o=0" =>» 0 =0
- For allg U eV araddcbva inversen (nik.

Bewms:
Antaq Gven V aradditiv imvers Hlu ®
@ Ve (usw) @(V@u)a (-u)= 08 (-u) T -u m

= vZveo®
‘(1) Ou = ~u ¥nev @
Ocm ou = 0eV YueV @

'« 00 =0 ¥ 6]
‘ Upprc;(pq& anva*ndm\r\a 9 ger att summan U @ U, 8 __@uU, fru,._os



EYCQ‘}_J 11

o] Mangden W" med
X8 y:7 Xig = (x4 ‘34.---1)("“3“)
X Ox ‘2 X = (d\(,,...,"‘xn) for x4 eIR™ och gem
Nollvelktorn 0 = (o, .. o)

Addi*\'\la (Nversesy @ =X = ("‘«s,....,-Xn)

Rak"c(agarna ©) ’ haller som Celjd av rdky\e\asarna (or veella 4al
€8y = (xerge o xargs) - (i, gure) © g @

F(1) : = Vh&nsdpm av alla veallvarda € nlkhonecr pa intervallet
TCR med f@s:rp&s och *® 0F = «f
Cor F.g eF(1) 8§ =€ R
Dvs. (563](4) = F(4) rq(+) } viel
(xOF)(4) = «{(3) .
Nollelewment 0 €F(T) - 0(@) =0 Vier
Addi‘h’va inversem - EE)N(Y = -£(4) VieT

1@ Méngdm R* - {xe(f{‘xw} med
ue v = uyv fsr u,v e IR*

o

X 0 U = U x €& IR

VCHC«'MMS @ '@ { S’lorSr"Wsdv"‘“ﬁ



De(m;};on 1.% Undecrum

Om (V, 8 0) ar eht lin;\é{d- Yum 0och McV ar &nd@lvmina(ﬂ

Sadan ah ocksa (M, &,0) ar eht linjact rom , sa s4ags (M, & o)
Vara ett undecrovmn Qv (V; @,0)

Sabs 1.1

En icke-tom (}dma:nsd McV ar ett Undervorm av V ovmm
Uv eM =2 uaeveM a®

Ue M , xe R =72 x OueM
Mer elevivalent omm

uveM  «peRr =7 XO0U G BOV €M

Benis: (M ondeccom v V <=2 @)

=2 M ar edt linJ‘c;rJ— o =Y Cg A@ %dllcr =7 @ 3otlle,r
{7 ¢ (Maste verfiera attr @ - GO ga"l!e,r M)
@ imph'cerar Gt @) :‘@ 46&“6/ M.
Sedan @ - @ 6dlle/ ¢ hela V och dgrmed Sf@a’@“* P MV
forersats (1) 0 eM och
(i) ue M =2 ~U e M

(i): For %20 €IR ochh UeEe M Sc aa“l!or

i

0EM ou 20 - @
(ii): «=-1, UeM => -uU = (-1) guem [



E\CVVIQLA 1.3.

For linjara rommet IR® med &, 0 som definiernde i Ex 1106)

v F&Uamﬂc undexrrn:

M

a) M = {0} Pimict av dimension O /‘ M ar linjes gomon
o

o) M= {4u (4R} var uclR>~ §o}
) M= {surdv[srem} uverd\fo} . uzv

ovigo med divn 1

P[a“e/{' SWW\ cn‘go Wmeedl Womagly elctorn = UXxV och d-’mz

wrV,
v
M
U

V(/n' f:m\«% av a¥ M. b) & undecom av IR >
Up, U, €M XA X Bemm => 3 +y,4, €I sd ats
Ugz=t, U 3 U, >ty

=2 XUt Bu, = («4q4 @41)(4 eM (sd @8“—““‘)

d M- ;g?®

_EXW?@( 1.5 {1,1,,_‘: g#"}:jo

Mangdon ¢ (4,47 Gc onderron av FLab]  (se Ex 11d))

V(’m'ﬁe/nhf): s(:g € &[0,6] , X,p el
= «f 4 BS 2 C[G,b] Sq @86&““6/ )



AflGina fum

Li”dvlplaﬂ osv Sowm nte Sozr SW on’so Kan vara lt\'\da\mmw,
(SCdC‘n de inte wne haller mll&(w#c#—},mm de b fivms l&dppl{‘nﬁ

En ddmangd M cV Kallas alhn om dd finns en Us 6V
och et Underumns U av V 8q a4t -
M=zu, @U = fu,®u [ue U]

Xempel :
V“—“’\z ; UWo = (“1,1) , V:(T,f) och M= {uo‘}*v l+ GIR}
U= {+v [+ecRY

Mo*v

40 v



storarygos suamg  19/3

\)Ol’\.uvx\r\eé‘ kﬁ\p 1 (U{’p %, q,€.8.1‘o)

@ Lat V varca vv\&hgcﬂ&m av allg 6>os§¥ivG tal wmed sperationema

Aaé6b = a.k Vabs ecv
Aok = 6™ VA ¢ IR
Visa ot Ve edt veltorrum (linjart fom)

Lésm\'\ﬁ :

Md_ L(Om‘}f“au“a o(L 10 VCgl(,nqa i Delinikion 1 (Jd Sid&nz
( bolken hallee

@ Slotery, Under addition

ab eV = a@hb eV a@b=-a.b eV ok
20 o

@LS‘ULCM Under M(le;ka#on med shalger

A eR skalir ael = Aoa €V Aova=a’

Tre fall:

Aco = a’so

A=0 = a° =1 0

A<o = a’ so ok!

@ Kommetatvy addition
abeV a®b=boa ? a®b:= ab=baz: bea ok !

@ Asso cighiv (‘03

(aab) ®c = 0@[6@(,), 2
> (aeb)ec =(ab)lc=a(bc) = avlbec) !




@ udwwwﬁ
Det skall Cwnas o holla ma.p. addition a00: 0®aza
Vir nolla ar taler  1ev Gel =a.1 =1a =16a=a ok!

@LAM-'HV invers
Va eV JatecV: aea' =a'ga=0¢eV

C{&d”ﬂ\/ iNnvers Va Cor aty @ & YVa = a.—‘% = 1 Q_l(_.l

@ ASSoc«'a"(v Lag

X, gelR , CceVly
xol(poc) »(«ploc |
“0(poc) - wol(cf)=(cf)"=c"F =(«xploc ok!

——

(8) Distribotiv lag
X €EIR , b ceV
xo (bec) - a0bh xocC
x0 (bec) = x0(bc) = (b-c)" 2 6% % = xobgeoc ok’

@ Distribo hv [ag
X, PpeR , CeV
(Ow—p)é)c = o(@cepoc
(°<+p)oc = (_“"3=C°‘~cp=o(0c.$g@c ok’

@ enhtsehernont

Skall fvngs e “eba*  lou =u
1 ér 1 +5 uw = u  for f)osf«h\/a ol u _q_lﬁ.'




@ Lat V vara fecste kvadeanbon | xy-planet dvs V= {0 x50, 4o

Wed Opmh‘ohcma udv =u+v och /\OU’/\u
a) om u,veV = UBV e y?

b) O A€elR ueV =2 Aoy eV ?
¢) av vV eH lvjart Velkbormum ?

Lé ,
Dty w - [E) () s v () o0
V' forsha Kvad ran ten Wy = Wil =(3::z:\) 5, (g) J_A_‘

ev

b) Ligger A-weV ¥Aelr ?
M{é Tas ex A=-41
-1¢0Vu - -1(&4:) ) (-_::) . (8)
C) ,M:e wdar il et I-‘njars rum!
- ——

@ Konstrvew. tn lwe @ B som e qéc gemom oniqo A infe ar
sluten undec “vanlig * addifien : R

Lamm ’ag Lthj(/n «3- X &4 V:= {(’ng)eln‘t% = X11 }
403 2 Pwylokz( ( Pa 1) |
Pqg eP, = (3) 1.33&( PerPy i V2 AF 115122 N |



S‘Zd h} 6 onderron ?

D(’-_“ Uncﬁbﬂ‘um

V Vektorrmm , SV ddm&hsd icke Yom
u,,ules = (A(@uzés

Aeir U €s =3 Aou, €5

a) p() = a4’
b) p(’)=a+’r2 med Geln
C¢) ploy =0

d) %-plo) = pl4)

e pl+¥)%0 do o¢+s

£y pe) =plt-4) 4

4) koefhicienterna ar heltal

wau, hor ser p e Pa o4 ?
4—«3 C(o,a“qz,....,a,. <€ IR v\-shddum skalarer

n

PUE) = Qg+ a,-+r Qg 44 o+ G, 4

D Add.‘nm (,1[v¢4' pt, P, € Pn sé deforiesmr U PetPa & Pn Som
(pe sz) (+) = (ap, +a02) t (aﬂ ! au)" P (Qg 4 Qg We o *lan, +a,, )¢

DMt med skaler Ae R, pe P
(Kep) ()= (Aag) v (Ka)t v (ha)bt + oot (an )b




—

L S_W_M_%:

a) V= {pePa:p)=at? aem]
47(‘3 Pi.pa €V Pt(+)=a1+"' Gq,. @y €IR

- f’%(” =a,4?
@ (Pfepg)(’:) (a +aaq) +* €V ok
—~—

~ €R

X Aelr | pev (Aop) 4) = (Aa)4™ e ole [4A]
'y

b) V= gPePh P p@) = Qet? ,aem}

plo) =a
@ Addikon: ps.p, €V

Pe(+) =G 415 53 p (o) 7 -pq (+)= a4 =2 p,(4) =a
(peo p)(1) = 9a v 25t (py epy ) (o) = %a

AT (Ve ]
C) V- 2 pe Pn : p[o) : 0
D g pz €V (popllo) = p(0)s (o) =0

; 088 g
2 Aem  pev: (Lop)to) =A -plo) =0

- 0O

d) V:{pen: 2plo) = p (1)
1 Addivion: Pr.pr eV

(peep. ) (1) = pl1) cp (1) = %p (o) ¥ Apa (o) ’Z[d),(o) fp*Co))
= Q- (‘pt &p,) (o)

= (p, 6p, ) 11) = 2(pepa)le) =r pop, eV
@D AeR .pev

(/{Op (1) = /{p(ﬂ = /\‘2-({)(0) = L\(J(o) =2 (A op)fo)
= (Aop)t) = 2(dep)lo) =2 Aop eV T




&) Vo= LpeP i pt) %0 di 0ctetl
) Pe ,pa €V
(prp.) G)= Pt pyh) €V

% 0 % O
O¢¥et  ogkgd

R

(Xop) (#) = A-p@) 4V
<: ﬁ;:—o l ’\é‘ S

0g <1
“——
S0 Jdi o¢trg1

§) V- ipeP,\ L p() - pl1-4) |

D pyp €V

(pe ® pa) (v) = P4 rp,04) = p,(1-4) +(pg(1-4) (py @ pa ) (1-4)
@ Aem pev

(Aop)s):= Ap) = Apl1-%) () 640)(1-+) =7(/\-p)(+) @

) Ve §pelut koeflicienterns & hetbal § \Ive;'\
(A-p)ls) ¢V om A€ IR /N
bm A inte ar eft hdixl sd blr Koefhicientems Aop mie hetts)

WV-



’ AV%OY om M a0 ot Undecann Hill V da
sFeV'. F(—X):p(x) VX&'R} V=C(m)

@ Additon ; ¢ (i)
(1/(1 e C(r) = (C, v () (x) = (;(k) +f2(>.)

WAMolk. med skalar
AelR  fe cm)  (A-£)(x)= A ()

LGSV\‘Yjsz Q)
Db hem (Fro6)x)z Gens 0% = fx)rht=(Fog)
D A ER, feM  (Aof)(-x)=A fexy = AFG) = (M of)(x)
=> M av e+ Underrnm Fill V= CUR)
‘.V‘— [RM" M= {méngcﬂoﬂ av alla ()6)‘)&"“‘(‘?&“30(&‘(& M’ln‘SU}
b) {a,, Qqa . ... a-m[ (ku ben. o bMAk
A = :oa“\,__, G an B = ?b“,_ 'b'f‘
6 .. - Gun 0. ou.—-bnn
Lesnig: b)
@) Uagrbay . Gt 51..‘\ t\a“ /\am . )(G,,,
ArB -\ O T Ak 9 - :
Tem G oo o Gt ban oM é T an,
44]
&) V= ¢ (ra) i kevif)tl ffem

(Fefy]Co) - f,(o)fr,m Flet=2 [ah €M (Ng)

) V- (ro4]| m :§ dev. flol=0} @



S\ V- tR“’m“ M = '{A eV SF(A) 2 O} gpc SFQY(‘“CO)
sp(A) = 21 Ay s Summan av  fzlelemede

D ABem spiavs) -2 (ansh) - LA+ 2 bi =0

'
\-—v—"
2 0 = 0

(=1
\’-W
0O
W
Fc?n_Lg'Ls “'“ﬁ A0/

" "
B Lem Aem p(hA)= 3 day - A S ai = k0=0

Mn_ l(od»sa}’rm»\ﬁ@,\ (ovenllar vi sknvsitbe, ugyv — 4tV
«O U — au
frov 6V, xR

Definition 14

Lety U och V vara linjdﬁ. tum . En avkiloﬁw\nj F:U—V kqlias

h‘nj;r om Flxurpv) = «F(u) + BF(v) (D

Yu vel & =, B elR
For X; €IR ‘u,e(/ A kx1 implicecar (1) akh:

F (':Z‘:.d.'u; ) _ F/i:‘q;u; y o«ku“) (:1) F(ijﬁl(\l.") * "(R.F(un):

i =1

k
N 2.—1“:1:(%-) och Fl6) 20 [F(060)= OFto)=c



EXempel 113
U"[R ) V> IR™ och Flx):= Ax var A ¢ Wmxn wmamm’s

For l(‘hjdr: x,B R A uUvel =7 F(«quv)fA/au*pV)’
= xhAu +tBAvV

Excmvﬂd 119
“)
Lat U= ¢’ o] | V=([01]
Di ar F(6) = DF = £ vildekniemd avhildning fan Ul v odh
B ER ¥ uyve ¢ (01]
=7 F(“f'fp%) = a(C'i—ps' =& F(f) » pF(q)

b) U= c“le.1] | v:clo1] pcebf
F(£) = P (o) = (504 (D + _,,+Ck[)k)f

Exempel 115
a) Lat U= cl0,1] oct V= Lo1]

Da ar F(E) ) := ff(’:)d# Vx e [01]  véldefwermd avb{ldwms ach L'U\a

B ¢ fon X Ho:r_\__l.z.

Lat U 3 V vara linjare. rum  och lak F:U =V varn en linjar
avbildnmg . Molrovmmmeet 0ch vardervmmet +Hli F ges av
N(F) = SuelU|FlW)=Y} och

V(F) = yveV [ V= Flu) for ndgod Uell =) |ue))-F)



LZQQ&([’;‘-

Visa ahh M(F) ocl, V(F) ar underrem av vesp U och V.

Crived ve V' Kallas Flu) =v (2
on ("\V\J'G‘Y elvation (u ¢ U Sc’kCS)

E kvak ] Romegen am V= O
anonMen av }V\L.omOSOW O v %0

£ x empel:

Au=V (IMJ‘Er4 ekvah'anssgs}em.)

u =Vv “Mja\r dl'CfWHa’ULVGh‘d"’)

S U ot = v (in&csrqlolcvah‘m) ¥x ¢ [0,1]
Sars LYy

Antiq GH Up [&ec (2). Da ar ue U on Losrmngdil (1) omm
U= Up+ U, dér u, €6 V(F).

Dests:

Sedan Flup) =V géller Gljande elivalenser:

Flul=V <=> Flu) = Flup) <=> Flu-up) =0 &> U-Up € M(F)
<= Yy, € N(F) 7

To[kmbg: Lf&hnhssmdn%o‘w HIL Q) ar o ffne Whgdm Up +N(F)



h{opc‘dh'on SPan av Valdzmcjl ; .
Om Uq, .. Un €V sq ar spanfdy, ..., wnb = {E <u| 4. o0
et vndecrim av V

DC C‘V\f”iam 18
Vouorm Uy, .o, Uy sdss élpc}vw\a vpp V om Span fuq, o da f

=V

De({n(lﬂ‘oh 1.4 .

Vf/lLfof{,rnc. Ue, ..., UL E V 50‘65 Vara [.‘rUdN BC(‘oemA-l. om dek
Q\nns N (ke ~trval l{hjarrkom’o.‘mah‘an sa aft Ajugt f‘*“z*---*/l"“'z;
med L, #0 (o vinst em elkvation.

Om ¢ andra sidan (3) o~dast héller dg A1=(\Q .= kp 20 2
GC U, ... u, linjart obersende.
X Cvnped

Verctoremna e = (1,0, ...,0)
fs = (0,10, ..,0)

Lo =(00.,0.4) (" Gppbyller span Whe, ., Ln = R"

och de ar It'nja’r* obervende sedaw Ovn:
O = /{1614-/‘2(2 LA "hen g (/\1,Aq,...,>\h) da M‘S"C /\,’ =0

fo\" alla ‘.



Le/VV\W\_a 1,&
O U)o o, U, ar lt‘nj&\r') oberoemde velhorer TV ooty ve VN Span fq,

Sa ar Ug, ... U,V lu\«\j‘:r(- 0 bewende.

ebenes.

ut'. c ey, u’h ; V df lﬂﬂ‘jgr} bbrow& 4:7 Ve spah iU,,...,Un}

Deﬁmiho.« 1.10

Em oPPsc‘"H—m\aj ve lktorer Uy, ~
Veltorerng ar L‘nj::r* Obervende och 8pan iu-( seen, “m§ =V

U &V Sags Vara énm bas GV om

Debnikon  1.11
EH L‘nj{(!r Yurm Va'r av d(\'\qars.‘o\n n 6[01 00) ov N Qr It
Maxivngla Qntalet L’nj&v& 06&'0:,“&& vektover 'S

Notation.
Divn V2 och M{;"/* scdant n Lms sa saqer u att Vge
Oé‘nd'fﬂfd(ménsmwl (dom V = “’)

E’(onﬂ)e/{-‘
P T‘([V\.a\—a rUWy\(/+ V‘— {O} tV\Y‘{I\’\C““W en '.l.V\jC:rl’ Bcroen&e WW

(X0 =0 FA; €R ) = dim 50} 20 ogvh {0 ar enda L\\J‘aﬁ oM
med divn V-0

‘R har  standardbasen leil. och dam R :n

¢« dim Clas] =00 , Sedan for Varje ne N ar {*k}:‘o ¢ (las] en
bnrary obecvende Mangd‘ av yelctorex .
( Motivakion Feor 3odl"5ckh3¥ yxeﬂ\/ O‘LI Phé p \ {O} " LLaV
PaCs) Maximalt n nolls balien, Lab [k 1o, = {+eles] | (i) =0}, v
04(141:3_56' av Ioha') Z“u+ *0 V+6[q6]\[#}

ﬁ‘%;t« =0 O CJ—:OKM)




Sats 1.5
Antag att dim V=n 70, D4 Awns  mminst en Uppsatining Gv N
\inj&f* Obecoende Velktrorec LT V. Varjt. Sadan ()J)psaﬂ'muhs Ar en

bas for v,

BCM'&'.

Lat u,,...d,, Vara en 60(11'-3(,&[;5 uppséttning av L‘nJ‘¢TH Cbernende
Vewrorer. (divma V=n 3 Def 111 =23 pmst en sadan )

Det Ghenstar alt bevisa aht S@an fug,.,ub =V

An*us det fians VeV N span { U, ., uat.

L_M SV Ug, .., Un v  linjary obecuende

)
= do Vv > n : mo&sc:CJC,IJC

De e 3(,(‘ = ‘S(qu‘ {u,,., Un?} =V W

_55&5 1.¢.
An%g ats V<S6)a“ iuh.,.,unﬁ

Da ar Vacie Ufpsa’““‘“g av Fleron n velttgree knja% bergende

%UA‘S:

Lat v, .., Y Varg vekrorer i Vo med pyn . Sedan Vespan YU, . uat
KGV\ Vi slenva

V; -

SN s

1“3‘“3 for Gy €IR - i=1,._,p
Vi, wJvp ar Imjédd becoende <=2 Xivik .4 XpVp =0 ()
hav  iCke-trivel  (6sning,
) Ke Skvivas Saina s & h “

" Z’“(E‘Hjﬂ\;):o l"7ZuJ'(Aw).=O

=1 J=1 D J

Vac A-nxp matrisen med Aj = ay .Se&im n<p saar Ax-0
ondec boctamy = 3 en  iCke-tivial X ERTN 0T 6 ab Ax-o
Oh darmed odkksa Oz %V + .. +%pve B



Sats 1.7

O i Viengoo Sé beskir alla baser for V av lika wmanga
Uerment ook debbe anbal = n

Ani-ag att dim V= nyo . Sats 1.5 =7 J ¢, has B4 Wed wn el esent
Bﬁc#mtdm 54 mcéddhdckt.’a bas By wmed v eleiment .
l:nl.‘SL Dec 117 mdsbe wmg¢n ooh Sa+5 ¢ = “\M,QNOV"

M<n sa slaglte basen By Vava \inja‘ri— begencle 72

(-hps* l&s ovn Stvma e U4t U, =(u1+u1lu, éU., 2 U 4 euzg
UinU, 63 s Kan Vage UeU,*uU, represen §enss
Gndydlgt pe fornen U S04y, , U, EU, (,(26'()2/

(U +0, = U8U,)



S’rorceg P SGUn x\\g PAVA

_LJ_&C‘]_I Lat U, A Uy, vara undecpm il (l.\nj;c} rom) V sé ai4
dek s u, € Uy 3 u, ¢ (}z Somi u, € U,L 3 U, 4 Uy
Visa ah U, u U, inle ar eft undecrim +HIl V

M: “Mo}ségdseb&vise

Am&—as att U{ S U, ar et uonderrum ’h\\ V.
= U, och U, &ar sluten Ondec addition,
uce U, 0O uge Ugvl, = w@u, €U0l

ra[( 1. an443 aty U, @ U, ¢ U, wen inom 3(74604
U @& u, @ -a, = ® <=9 U, = U, @Uy

U = U -1 2 “d. - ' = A ‘

. = U, @ -1 0, Uy ~U, > stammer ¢!
¢ U, €U,

Fal da A

al 22 => u,eu, e, 1a, €U, + a, =U80,

—
&0, € U,

U =0, ~u,  Shommer wtel
%\/

=7 Mol’&\jdse qev att U vU, ar ¢y undeccum A}




M35 Lat A-({1123) § B-/1126

32 21 1217
121 L0 214-3

6‘) M,a“abl Har noll rummen /V[A) och /V(B) MSOYI 6Wm
Veletor 07

b) Hae Vacderummen V(A) cch V(G) ¢ R migon germerse
Witor # 07

a) N(A]:{WélRQ:AW=@3§
NR) = { % cmY: Bw = @S}

AN&Z:IL, A < [CL A, Ong a\q—I
Ae IR B = [j(b1 b, lbs U.')q]
1“3)8 ‘Rq % = ‘x‘\
m Py 1
o ¥, Ax=0 <=7 Xausxa, sxey +Xar, =
V(8) y
3
X’Y
Metsd - Savs [4: 0] o wdelemmen Ey
60 - @Wo 2 -» be_?>3=1=a
M&sHab gec A ~ OA)'YZ R ~ O@O 3 . B 3 11
00 60 6 06 ¢ o 1 z
S ¢ S &
o 1
[O'smr\g(m fih Ax = @ x = S (-1 *+ 4 2 R
1 NT(A) 53/1/(‘3)

I[’*] } Lesrtngen Bl B-% = O - skar v avender

=7 ¥ = -02]& N _33 \\ﬂ'\.c‘ggq w 40 7
1
; 3 SA

-2 2
o :
o) LD Bag i) 8 W) plan iR




L)) Dimms.'ov\ sa¥sen
N Kolonnee | n = divm (V(A) + dim (V(A)

Qi (VIA) = 0= dim (M(A)] = U-2 =2
p-s.s. dim (V(B)) =

M.a.o. V(A) £ V() plan i 87 sem gar Gewen Omge.

=7 MC‘SSC\ Ska‘rnmsspmkm x+ & R
SVvaw - \Sﬂ

A . 1 L’Ol AV‘%@" Vl”/\(}l Gv fo Ja\n& avh\dn\hga( T IR ‘—9W\ SO

ar l\nJa\fa

T, (%) = [2] T, () - Lx”x’] T, (%) ——(xf:(

LJsvwv\ﬁ: T:0-v
T ar jar om Uq,u, €0 Tlutu) = Tlu) & T(ua)
AER e Tu)=d 0T
=7 x, 3 €In Ve, vy € U
T(rugt Buy) = xoT(uy) & gOT (uy)

S }35{\ T /:::) +[§:j = T (ow'up\y '—‘(j(oqu#ﬁﬁh):}

O(X'rL“'}qu
g ) - O
X Xg *ﬁ‘sz By 2



x X g+ Bys a& X B u-

[1(0(\’5 ¥ ﬁﬁ)) = [o(xﬁ]z,b{ +0(><2+]3.31J ) d(,(”)gz) f(gu—%

- Xq X,
- [ x: J * B [5”\“] = T () 3 g Taly)

94

72 T2 ar lvjar !

e gy« ] # (] [

Tz ar ke h\«jm}

LAY F: U~V linjar awbildnng
U,V veldorum N(Fi@F) (u) = F,(u) v F(u) YuelU
D(AoFll) = A Flu VY eU YAelR
Visa ais mangden av tnjaca ovhildnmngar Qv et lf‘nja‘“* (U

Lc’smng-.
Mf/f"al" kondvolea gbb alla 10 axvom el feﬁla N
(L(u.vh@@ debnikion P& sidan A qéler

(U, ¥, ) (v, ¥, *) L (o) = Mamso(&n v jare avb(ldm‘nﬁw
fan U HILV

Vf V\on)ﬂ‘oubfar 1.2,5 oth £ (reskm v \GTKG)

1. Slottyy, ndec addifion
Fo R eLlvy) = RER €LV 3((«3 A,Bel® & ug.u, €U
(F,@F'L)(“ ?‘u1 N' uq,) 'F-1 ("L 4+]3 u,_)%'Fz(OQ U1'l'f3 (49.)
= (ot * E(M4)+p Fq(uy )) f(at F(ud&f& Fz(u.L):
= ot (Frfud FR(u)) BBt (F(u) F Falu)) = e
- x?(F, @ R)(u) B (FeR)w) @




2 Sluien, Under Wlkiplikefon mied s kalar
ANell |, Felluy) =+ (AOF)€ L(uv) T
a9 X, B eIR | Uq,up €U
A oF)(«%uy, YR Tu)= AT F(o‘fu,’fp‘ua)
= A2 («Flu) ? gor(u)) =« 2( A7 Flu,)) ¢
=« (A OF)(u) % p2(doF)lu)
=> (A.F) (« T Uy :Byul)
2 A O F & Linac! @

5— /\/ol{ve,km
;Or ¢ Lluy): (Fe0;)(u = (Op@f:)(u) = Flu)
Debnicvray O u +— Oy
=<, Belk u,u el
Op(«Tuy 78 % uy) = 6

o(’.“OF(uJ zxt @, = Qv 0?[“7(41 ;’B?'ui) —_o(f‘O(:(u‘)':F-AOF(u,
B~ 0g (up) = B2t Ov = Qv =2 0 € L(u,v)
(F@ OF)((A) = Flu) 7 OF (u) = Flu) £ Qv = Ov 7 Flu) = 0 («) § P =
— d
o, =0 & F)w = Tlu)
————— e~ e —— — @ -

nxn

L.14¢ | Berzika aub-ilémhsem T: R™ — R S6h o definitynd
Sora T(A) = As AT

2) Visa at+ T ar Wmjce

) Lab BeR™ vam symmesask M AeR™" Sadan ot T(A)= B

¢) Beslon N(T)

d) Visa a4+ V(T) ar W\a‘v\.ﬂd&n av alla bUMMﬁskc. Wadn sec

—p



a) e(IBé[R ABéthxh

T(-A s B-B) = (. A FB) ¥ (a('A*ﬂ‘B]T
< A *ﬁB *’"Ar!"ﬁﬂT
« (A+A7)* B(B+BT)

= -T(A) + B T(8)
=>AV‘of(d2m\«\36v\ ar ltvv‘c‘\n_’

1

\

-
-

5) Grive lﬂ"""ag:B,BT
Vad hander nar T verkar pa R ?
T(B):B;,BT R+ = 2-8

=2 T®)=28 =7 3T(8)=B
T A Wmjar => T(2) =8

Va’(j /4’ Fil A = B
2

) Besknv  N(1) @ = BT < gymnestsha

N (T) ={><elnM":T(J<) = oM™
T(X) = X ‘\'XT =0 = ‘ Skcvstsyymbk‘\

V()= {XeR™ . xT=_x{

& Vir) = [ Melw™ Txem™ e M= xTox

Vi sec lats avt ala M e V(T) AF Summetnska
+‘¢3 MT = (x+x’)T = XTa—(x‘-) - XxVyx = M

Finns dek and ca s(dwwvdr‘(‘skn. SeR™TN Vi(T) ?

S:g_'.é—:gi_s-~s____ésT-: +,Sj :73"’%-»3
2

-

9 2 2

RS [P
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RQ‘}(/&\HOV\:

For ekt l"nj&ri v V ae
dim VE Masimeale anfaled l(njar# obecoende iV
' VO{""U%C {aq L ,a,,} 4GY em bas r V am de av ‘MJ“‘-“ Ol evwende

ochkh de 56)0";'\ nec upp V.

Omoeiw\ V:m(;(o,oo)sa’:
Sal»g 15 ! FMns mmst en 64‘5 (dY‘ V och Vavjt Um)Sc:‘H'n‘hj Qv in
linjact gberoemde veltorer v bas fov V.

\Sa*'sl.l: alla basec b V belirav n edesment

kOw\ ;ha'j.’
c O A AV mxn ks

N(n = {KG(({"IA*-.Q}
V(A =§yver™ | vy=Aw & nagor X elR"}

Kol (A) = AIR"

5};%8 Y (Dimensionssatsen )
Lot A Vara vaxn vaadns. Do 35“2: att diom N(A) s divn V(A) =1

lnan bavis behors hag(z anclee. Tesultelt —>



Saks 19
Avﬂ—ag aty dimV=n 0 gch att Ug, ..., U Mmed N Gr
[(-nisc?("r obmmo‘le v xoeer <V DL Kaw  hen (e Vel to rev

Unpa, ..., Up S& adt Uy, . d, O en bus RV
LQS’ ()V\-. = SPC\V\ {u‘l/ .-.,um} D AV\'"S bn Uny &V Uw

(Ganars Un, =V, i\t ledee b marsdgelsen dvm V= dim U = <

6U levhrea 121 = Uy, oY L,\,\J‘QY&- obevende

--.,uMth*"

Upﬂ"e@c\ Fesonemangek N -(mrd) qangee fi do famis

Lw\jzx} Oberopmde vVelktorer U, .-, U, OCh sak 15 =
TV Whtoren, QY bzas o V. A

Beris (Sats 1.14)
Tre &l

@) dim N(A)zn
(i) 0adivm NM(aY <n
(i) v M (4) =0

() dim M(a)zn =2 N(A)= R =2 V(A) = AR™ = {0}
=2 dm V(A) =0

() Anbeg arb dim WA ZP 0Cpcn Gnlis e, e, Vary
en bas  or N(A) CIR”

Dé wiaste i wiss abt dive VA =n-p . Sabs 4927 T pue, .. n
Sa oh e{,,m,&\f“wb«s o KO -



VGQ@ xeR” ey sknvas X = Z Xie; | vilket g& at
=1
AX: X,( Aef"' - +XpAQP4- XP41A€P’K +-—. ‘ an(n
S X A lpa T A, (D)

Sedan ¢ € N(A) Fvalls i¢p
©) =2 V) = Span (Kepee, ~n Aa)

Aﬂ‘\”as ah o(p,, ‘\'ACPH o4 oLhAen: 0 (0)

Dd g S e NV(4) => ;"‘,O(alwlocp el 55 av -

TPy

0<P‘4 <P'4 ’ v b Xk, = (q" Q1 k... ‘dnen) =O(V)

Se&-am €4,..., €, ar [IMJ'G*H» Ohexvesm
=2 X =0 C@r alla i @)
Vithet speciclis implicerar gt Aepia .. Aen ar I jart obtoende
fn @) ot dammea bas Gr V@)
=7 dim V(A) =h-p

/

) Argurenters pi samme sctr Som i ()

_ roWw, (A)
Debnition rows (A)
For en mmxn matis A = [th,an] L row,.(a)

&eﬁmgera‘ w ko(om,ra.nson GX‘A =dc\~\ V(A) O ok (‘Gd(‘c\n%e/v\ (Z'Y‘
A= div spanfraw4(4),.,,,raw,,(ﬁ:)3 = doa V(AT



Ex.

47F 4
A=z 54 J har V(A= span {(4,3),(15), (195

6 radipmmss = Span § (14 11).(359)

Sc\“s 1.15 (p\z\vxﬁ Sqfson )

For on %odhjdc(,f\c) Mmxn Mmafns A Sd(w att Kal\nnruns%
O th Rdramg)en ar ke,

B& Vi vet att de hovmentere rzdlo‘oml—fonefm

4) row ¢ (A) exsadrs av ¢ vow, (A), Cem\{0}

1) Cowy (k) ersahts av row, (8)+ crow, (A) J*“

d) rowy (A) o Cow; (A) byec plabs o everstbla, Darmed bevars
Vad (inmmed W §emsormetionen

A~ ek (&) = A7
NoWormmet bevaras ackse dvs. Ax<o 427 A'xzo  N(&) "N{A/) )

Vidave o haoger A'- f“(,a,’,.,., a”] av  04V<haim (m, n)
\\‘V\J'a?f’* Ohervende pt\fa("cutunnw aJ-", PR aJ..'

1$J1 <Ja <o g, &n
o< hy= (0,..,0,1,0, .,0)

e _ — —
k-1 ™ ~-(K +4)
Cow, (A’) (o ... 61 % .. r) 1¢ wgy

—N—— .
g -1 "'{Ju"')
Vidare oc fowy (A7) 20 Fpyc [Gvnacs maste sckse Lp Vo

EXQ/W)(PUI A ar 3x4 vvmmie;:l f\)ﬁs(:z
* o %X L * o
A = )% % 2¥ ~ o 0 1 ¥
A X% ¥ X O o 0 o

i t_é,—L 1 (ke pivet Molohnes
Pivor kylonwner



Det Q’Kjw axs Yow, (A7) ., fowy (&) ac en hes € radamnet FUAT
oth dacrned gukess bas o0 ed turmmet FHW A =7 "aelrz.ng)em Q«"'A’v"
Vidare ac Ai, . fe en bas @ V(A7) och sabs 114 ger att |
dim V(a) = n-dim N(4) T n-N(A7) = dom V(A7) = A

DQ(\%(HM 113
DQ; 6WSG‘W‘W‘Q vardek (36: rd(av\%% ouh Ku\crrmr*av\j K allas
£0\(‘ Mmatnsens mns oth be,‘.wws r““ﬁ A

Eqenshepee (Sebs (6 , 3 lewmms 1.5)

Lat A vara en Mmxn matns need ¢ = Yang A Da 6&“€r @ljande:

“) Elvationes, Ax b ar (csbae L alle b ER™ Grmm €=m

b) O Ax=b &F laksr ar BSY\MjSthMlem (n-()-qun.m(,h«V\j,
O specieit @V\hscl(‘s o Y =n

) Ok pm=n Gr A (Wverdechar Ovwm  Yang (A)=n

Xém‘h X:(x'l, ‘en "(n} = Xq &t .o X, e,

ll\Oordino\v‘d Guh b‘-SL)q‘}‘OV

Lat B,= {be b Vare on bes for el fingark rum V.

Varje Veldor 4 e V Kan e/whacL‘jt Skavas U= Xebeot ..+ Xpbn (#)
Vau <—y X=(%,. . %) € R"

U <~ % ) \/(*7\3 qer
2 (e )bi = Urv =7 xag = (Koryy Xarga, L Xarga) €R

=1

XU (—7 a ¥ oUh VaUJ- LD ZJ émh p(J'é/R Sw
Saju = g ¥ @)
Jd J

Fon # (Zgw det oty Uy, o V% g leaY4 Obersende Omw
21’ = XK Y [IMJ\(.Y Ob%w.



D¢ finitign 1.4
( * k&“(as QY V\oord;‘f\aicrnq (’I” (Abv

Talew Xa, ..., XA
Kogrdma Fveleds rer,

¢ basen % Ooch X -(x X,) GY U5
i

I\/O'{T\H()n = [uYG
La& ‘{51 , 5 b 3 Varo ey Gonen s for V
AM“\@ LT Kcm San‘as
n-= ‘g
Sra s 0 fi @

Qd&kon mcdlla . YKoord g ale/vxq X ogh x’
- x 7 .
) = 2 % [6:0],




Raknest vaa Al/3

T R* — g™
KMT:{Vém"'-T(V):OK
T (« v §pq) :x7(V)+gT(n):0

qc‘) T-RY — R T(;‘r: 2 A ~2nq Y %a =Xy,
:3
l‘\) X(t y X."“ = 1
0
QB Kyl K4 = O when Xy 2Xq =0 (‘33)
e

—

VeR™ yer™ Az vel
Xq,% € A X¢~X2 =U, “U, €()
xq = V & Uy
Xq = V4 U,
b= {ui-us U ag € HY

6) qx, -Q\XQ + X2 ‘LIXL‘¢4
4\61 —1‘31 4 ‘33 *QS" -1
Alx1 - y,) '2("2“‘3«) *“‘3‘%1)*"'("«““3«):0

CS (x“ x_b) Xqky =0
(‘3« ,‘53\ ‘51'5330
(X1+3‘) (xq tys) = XgYsy ty, X3 =
(X,/xs) > (4.0)
(4¢,45) =(0.1)
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Vi Xq Vs X Vi Va4 Zm 0“1
vV, < . - -~ ' P
X
V‘ﬂ x 1 VV?1 - o w th V,H Ve “
1 0 4
%) Ve =77 Vo = | 5 v3¢(1]
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1061 1 0 1 {01
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Gg¢ asa qijelﬂ
svwr DY s
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4% diasonc;\cn (1) ... +h = N (h MJ
A
¢) Q;i = T4 O Gy | (ne) w L (h-ﬂ)
o " = 2 2
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3,‘5:/ ?V‘zg’ao'}atﬁ}*--."ah*“}

' /’t'},.__’l“ d‘il‘h Pn:h""'

ipt . PGM p: (o) = 0 © dp =9
T(p) = p(0)

Pae "Eyépn [P(o) >Oj’ < ijv\{*/*l'q,,..
divn P,

m veéc torg ™M V div V =

mMms n
(o)
st 1)< [50]
Q)
b)Y ke T

Gq = =Gy
) e T (3) ¢ R
F ‘°(+@*”'“')'1
(o) = o



457 Q)
b ke T
p: J’)(o)'—o dy, =o
kee T = a4 +a2}“3

o TN () (3]

S AT | ST EI BT
_ 1 0 0 I;“'i -OZ—/ - (5)
1:[/3) [3) (‘i)j Ex(%)’/él
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Y a) g, Z’

Uy = §

o u -

X1 =% %3 ¥ x5=0
AX4 ~ Sx, Fxg ¥y Ry =0
Xe-txgr X3 352xy =0

X q ‘fx-,\r:{‘(‘blr)(q -

-3 2 0] ’;‘
a
-5 1 1 *

3
_ Xy
X4
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Koordingter odh bashybe.
Lat Bz E"H....,h.\'& 6 ch B'={b,',...,!>n’} Vara v basec r V

Vach ueV Uan da Vepresent €ras W= ZX:&: 2 U= > %X b;

izt H

En 410(143@ W\O*Svan'ghd-or wellan Vot R™
Viu (== Xz (x., .  x.)emr" 3 U = (%, . X0 )

X = [‘“ ]g och x’- [u:(gf ar U:s Yoordinater i resJ)e,chw_ basee

Bade L]g:Vv—w™ 8 [T 0V =R e lnize avbildmngar
(fex. [«u+ pv]e z X E’“‘]G 3 B[M]B)

O\/Vt v k&w X’ = fu}B' SGa ér x=Tx’ Var

L, G, G e,

Bm& o n :::
e [(4] - [—é: xq,b"]e = g‘ Xi'[b;’-]s - T ;"’ = Tfu]st

Vt' SkﬁV‘e,( [u]e = TB‘—B'[HJB' (V@Y‘ Tsrg' av T GZV\ (31))

Fein Mo Fsvarigh eten Vl"8"> R Cljee det att
S «; b -0 <= Z o« [6;]8 =0

izq

=7 D"’]B L fbn’]a ar [inJ’c:r} Obervende Veltoree i R

=7 rcmc) Tg «R’ =h =? Tg —a° ar Nvectecbgc
~1
Fan (3.2) Far v [Ug = Torn (Ul = (Tyeeg)  Cudg
Var T8'<__g - [bhbg‘ ""b"]B'



\Q«U Var 0((/}- oY SV‘GY“' ar¥ b(/(z"lbv\r« T%(—-B’

€= {61.--‘. e} fovenkle, tansformahonen fran 87 4t B needk b2 S key

rdg_s. 1. fq]e '-TQ‘_&, [“]B' (3.’5) p
2.[(4]8 "'Tg (- [“"]( = (Ti’. 4"3) fu]i

E_XMM (Se oclesq Exermgel 1-’)3)

Lat vag?, Q= {(1,0,0), (1,1,0),(1,1 1)1
by ba by
B = {(0,0,1) c(o, 1), (1,1,1)3
A" bar bg'
Lot weln? Vave Velkorn S abh B‘]B :(1'111) oth bes o

Lu T,

Lasnong: (Ul = Taemgr [4]gr [57Tg = (0, -1,1) (Sedan by"= ~b, ¢ by )
[54,]8 - ["710, 1) [53’]8 = (0/5‘1)

o B
1 1 1 1 3
Lébm‘; wa S*‘amtfcf‘ofb_a}‘ €= {[1: O:C’)' (o 10) . (0'01 ()}
. 0ot

Tewa = L0 (0), (57)] —'(‘;;;I
T€<-B : [‘2 g 111] [uzg 1(r€4~a)_‘ TE(—B' [u]B’




Kap 2

P 2 Skal&({)(‘od«uk% for ceellg \,.(g'!c\:@ Curn

Debinition 2.1
Lc{&' V vara eAF reellt \,\\J‘@r"} o, En Sk,aldrd)rodu(l—* vV oar en

fonlhion o UV = IR e G:IJ\QV\J(_ (’,e‘ocm\skq.fc(‘:

VUVwéV ooko‘em&ga((&r
(i) {Uuv? = Lvy>
) <xyvy = « Cu, v
B Cusv,wy 2 duw s (v, W
V) <u,urz0 8 <U,u%? =0 endagh Sor U=0

Exempel .
a) V=R" ool {Xy7 : = :i % Y (s’randardskglcwpmdupw)
b) V=i * ouh Lx,97:i= é‘ KX, Yy

0) V=r* oh {X¥47:= X 4o ¥ Xqyq ,.x,mnma
V%Lorm\c) av (iv): {X,y7 = X, 0r A% Xy & A, = (X xa)z 3 X, 2 )9
(xq %)% 5 X5 =0 <=7 x,%0 X,20 dvs xzo0

‘C) Vzc [a,b] (vac 6@ Gth O ac ¢y Vav\h'Sq Ope/n—.h'onean)
och <Fgv = [ €G) q (+) di

VMQMMS av (iv): <66y 20 ovh om §36 s¢ Rams ;e[q,b)
en €370 odh gma'>o s atr FRB)>E Ws € (F-4 +.) cla3)

- Yc (Ld+>§€45-’9\d'e >0

& <66 =0 endast om (=0



Med xz0 L5 %<y, 0d é‘(o"p) 29 VveV (2) Yy eV
¥ LU, pvy o= <pv Wy = pevu> = pLuvy O el

x<zo<u ZFJ > XZ«;;O((A,,V) Q)

D¢ tmitian NORM.
En norpm ar ekt linjary Com.V are e avb{hdmg £V fo,oo)
50""\ U/oao ku £\ cmd& ! Vq,véV A oacR:

£ flu) =0 emdast om u=o
[“J [(06(4) > |l £ (u)
(i p(u.av) < [lu) s F[V) (’fﬂ'angclo\{khdw\)

Lxé\\'\gd—vﬂ/%@rw% av veldorn veV ar MWUGJ SoMm
HV”-':W Med C«\/S'S’G\\da' MMen U § v Wena s HU-V“

Det alecsdat aly ven fera aky funldionea U-llrY — EO«“’)
Upp Sy tec dek Porm G) - (i), GLE (i) foljec diretes Fan vesp.
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att A7z T1AT Kallgs swilare,

L—C«'% Fé L(mf)) edl S’S'GWLCQA/&V"\&’!“:S%

~-1 ¢4 O ‘ 4 -1 2 1
A - -O'A 0'5;1 Resteom madmiven i F 0 base,, B = 3}/ ZJ ; |
/, ’ /

M Lat € Varz shan dardbase, im3 Enl. v (¢

a A= T AT Var Tc<
S (@* -1 9‘] “—B [&3 &2] {'13I j
2 1
1o Loy ¢ achlab A7 TAAT

_/\/\/—V—v—v/\_/\/\__——\_/\_/\-’—\—_
f l .
Lawsko.gu hos Of"’foko}or\c‘ a tmatnser

1
1

Kom lhaé o A e R Kallas grbogonal om ATA =T

Loex. ’ricmw 6ol Spgﬁlm:)a( chror‘\—ogcvw\‘c\



S&3r5 3. 3

AV\'\’CLS at Ac R™" ae orbscm’. De 8&'1((.(:
Q) DQJ (A) € {10 {}

B) (Ax}. (AEQ = x.b Vxlgemn
) A = Il I Vx e R"

C) Om @ ¢ R e 0 Cksg ar ovdmsw\ A ay AB oh BA or}aecvu.'l&.

Bous
Q) T=deh (L) = dek (ATA) = deb (B7) dek (8) = (det (A))*

(5) AXA:S - (A’(JT 'A(j = ATxTAS > XTIS - )(3

b,) FU(J‘U( Leon (B) M%;X

c) (ap)/AB =@ ATAD =37TR =T

B ™~ S——

_—— e e ——— — ~_

—_ -

Geametntsle behyddse Gy o rtogonalmabiser [ IR* 410"

Onm 4 ar odoaom1 Ix2 wahAs fefcescmbrw A %W\‘)‘Wj

Soim  @AMGE QY e vokeRan (Mo £n Speyimg [ hnpe
qemorn  Inigo (saty, 3.u)

O A ar préogomal 3x3  behyde det (A)=1 ¥ A
«\eg:mwa‘mf e diaiiomsay §ildning
1) dy (&) = att A m‘?msenknr e ro!mHmSaubM

9750( av @n SpPeghmq 1 arige (€(x)= -x)



Foe elasning 23/

For ab slude e%%v&rdm ocL egemveuow il lih\jo'\ra

Qv Bilcﬂw\vxgav behéver v anta Qr#sc?’dhmsow att V ar et
kow\ﬁ)lex) Ve lkhorcom (v, ®, 0, &)

(Sow\ beskrivs [ Def 4.1 meq SKalarer x, B E ¢
isdalles Gy i )

VV\N\M’V\M-—\M

E_xbm,p‘e,l 1.18 (3)

Mo’mgcﬂw V=€ med skalaer € och Vanliq Komponentvis
kOW\&)le,x addiHon och vv\olh'bo(ikah"oh e skelce
C” har basen {eq,...,e.%= ¢
var ¢, av k-le Kolonm , e wetsma Fnsen 1 e R™" ’Sedah
Z e ¢ %ﬁd«g) Pedyrese/\kfas Z = § z:e,
. (=1

Fean ¢"- Span (€) vCEljer det att dim ()0
VM\A/\/V\/\/WM/\'



D@Cin{h‘o\q 4.1

Lat VVa\ra ekt [Aam&‘e\«l [m Gt vow, och Fe L[V)
EN tal X € ¢ kalles eft esemvardle FIl F om det  fnms em
w eV A\ {0} sadan ab Flu):Ay Q)

Va(je, u=+x0 SOm U@(P%(&" (1) Kallas em ese,nveud\’ hw B e “

Eqenrommet hovande KLY E(A)= fu e bl Flu) =du'}
aC et Underriva cv V

O {hy, .. b} =B Greom bas & V Kan sambandet (1)
(e(preseméoras ud Flu) = 4q <357 A = Ax

“

&VS (2) A= /\7( , %X 10 {=? F[q) —:.,lu L, u :GZ"-"f XJ.Aj + 0

AT —

E X(/W\(pd :

’ Avb((dmmjw Flul =y lar emdast engdrw 1 och E() =
(dvs Vvaqe u #o ar egenveletnres fill F ook A=1

« Matnse, A = [£¢] oo avb"c@w‘hgm A e™— €% hae dud

anvardianm A=t A =7 wed "8567 enveleAsvre
@% [;] , C € ¢\f0} €q = 4[] é'sécﬂ\{oj

- [T - LE] e
ﬁ‘f]fé’]f JHRERIE



(Fo'\rel,c’.wms 23/4)

Hor bestammer Mman eﬁwvc:rfﬁ.z_-ﬁ%meﬂi?
1 oo
Lét Fe Sw) var Var Komlex! l.\«ljarlr (om av  dimension n.

Om A &€ waahysem U F i ndgentbas sé & A €gemvadet tu F
omm. dek(A-AT) =0
. ~N

: . (2) Ax = Ax £=7 F(u) ~./\u..
Beuis:; |
Frzn () feliey det att A ax egemvarde hll F oo
Ix ¢ ¢€"\ {0} Sidan ah Ax: Ax, |

0ch  (A-AT)x =0 fom x70 < dek (A-AT) =0 "R

Om 4 ar watdsen fll F ¢ bq‘s@h 8 och A" ér Ma\{'n'sc" il

Fbasenw B sé ger Saks 3.1 velationen

B> TTAT  var Tz Ty g% (3)
‘.

{A och B ar Swilare owm 3 Mverl'u".w'r_c Sa‘d_gnl'} ot A’-CABC}

och dek (K- AT) 2 gk (T(A-XT)T) = det (T<)Ah (A -AT) Jeh(T)

-~ T T-1) =~ L
2 deF (ASAD) sedan der (T = o0,

kOVl,(z{L/S:OW’ | . ’ » SR
Acit 47 har savmma  egemvarden och for palwwmd
P () = deh (A -AT) géller atr Py (A) =9, (1)
Gr alla somilgea vwgtnsec Aoch A7




De bnition 4.9,
Po (4) Kallas Karalctenstiska P"‘t}"‘"”"* Fll A (edlec HI €) ok
elvationen Pa(A) 26 kallas dewn Kacalherishska elvafionen,

Exemgel 4.9
¢ -1
Beveena caen varden 00k eqen Veltorer il A- [E(l -3]

LESWMg! V; séler chn;\nga(‘ HI PA (/\) =0

dvus. Jek (A "{I) = do# =47 -4J = /\2«/‘ -2
4 -3-)

A"-4-2:0 gec Ari= -2, Ayt

ESC”‘VCU'UPU {5 qenmon atr [63a /A—,{J)X 0
4 -4 ) 1}
&VS b -1 ¥ =0 ‘&'O\;. 61: Y

1 -1 _ ' 1
oo Ao (AL T)x=0 dns (L{ -qlx SO e C"z[?]
\/\_MW\‘\/W

D?/} kﬁ%‘dﬁMSl’fSka po Ltdnowej

Vid vhveckl, £4r vrman FoC
(4«'/\) Aq4q - A1 PA{'\) =M(A -AI) = " '
A AT =| ay0 (-2 o)A (0 [T aa
: vor e (4) .
Own1 (a.m—A) (4

MOJILMS: endash prbchU-cV, E(au. -/[) biafrzr H" A” och
AV - toeme, 0ch Palo) = detA) |

S@&CV\ PA(/\} ay PO( Nnovief av ad n, S L\\hs M MI;S'J'

a[gg,br‘o\ns fm&am H’ﬁo\pi n  rctres /(1, ,..‘}w\ e (

Des be,indc,/ G+t L}l)'ahcﬂz V‘cpmsemkkon ol % 3&(((% —>



Pa(A) = ()" (4 -4 42) ) (k A, ) [5)
=)\ +( (f ,l""* ¥ ... 1 ILAK

_36*5 yq = ,{“_M)h av ese/\vércﬂma il A och (4) 8 (5-) N2l
N’{AHO% "

C T he = Z A 7Spla)

T e s g (8)
€q

W

Saks 4.2
Maéfn‘semq A och AT L\ar Samma egemw::rd,w

%CMS

Par (N = dok (AT-AT) = ded( (A-4T)7) = deb (4 -4T) = Pu(4) B
\/\_/\_/\/\_/-\/\/\/\’\——\/\,/‘/-\/\/\/\/\/_\—v—‘

BLOCQ_ —'}Y{av\gu(atrq matnser E'- aC en Sdo | bo‘% %}j
nxn I infedoehone.

Olm A={oﬂ AA;zz] ¢ A -

vav A4 6 " gk AQI € lK"""“' med etn, =n Ralles

A 2x2 block -yppa Mawauwnr

Oa &ler (scsidan x:) atk  Pu(A) ‘M[A—/\I) z

Ay — AT A
1 "y 12 - A“_ i AT,
= det [ 1 A ')Ih] e (Asi-ATu) ks 4T 2)

koallosion: A ac Capmvirde HIL A ovwm Aar egemvarde Hill A
O / Mer A’).z .

Qe (he3cf 85((1,( ocdesa b N xN b[(pk—u&pa} Jﬁargu(&n watnsec

och Se dan A och AT hay Sawmm 4 éﬂC/wva\YCQn oclese for block -

A edlat +Y\'an8.)(a\/a WGk viser,




E xemgel 4.10.

1 6 )1
Bestam ceyevardena LW A {LE,‘J 7]

o o2

Losnmg Sedan A ar  Hoce vppdd  dnaugolar ned

Agq=(-10 -
B [-l O] o Aage[a] & cgermerden

P, (4)= Al Efé‘ tfﬁ FAT-sAT S et Ay 2 Ag= 2

M

Exevuped Y11

Lat V= ¢ (R ¢) ok D vara dlwivwwxsom,ra#arn
DeYw = £8) , £ 6 cT(m,¢)

Bes%—dw] egm ve torer R dngm(L&\"W,

Mo
Lonirg: For Varje 4 6 € a0 §U) « X7 ae ew
%WHM%@A sedan Q(ﬁ,\)[&) = £JG4) = Ae™ = Ay ()
,\_V\'\/\_V_W
Er\ N XN vm&y{g A C" — (I.“}\,cw\a,“h'd V\-QSMVW'(VM

vmolhp(tcinJ men det Fans ¢ allkd y Ljard oherpende
woksvavande €&4en Whiorer,




EXC mé?gl 413
0 1

FoC va trisen A"[Oo] av pA(A)';/\a"O 27 /\1‘:./‘2 - 0

o1 -
Egem vetrorer Hll 20 miste a3 (A‘- )tT.)X =0 =? EOIX =S
=7 A har endast en  lin). obemende caomwelchor X iy

N\NVW\——‘\_—\/

Definition 4.3

Dem al%e,bmiska vaallt'dlﬁ-w mg (A)  ar an“'iﬂh'd“dfm hitl

QSQMVUT(&U’ A Sovm ot Hit PA (A):O.

Den deomenyska molkiplicikbon mg(l) i= dim (EW)

(Gr deb waxivnala antaled linj obemendle capreletove
horande HW A)

\_,/\_/—\/\/\./\,_\/

Om Mg (U] 2 g (A) Kallas  egemereles A & defesel

N\/\/\/\/\/\/\/W\/\f\_/s/'\/\/\/\/\_r—v\,f\/‘\_,
Levmma 4.1

Owvn A a‘rﬁe/’r} eqenvirde Pl Matnsea A . & ar
g (A) € me (4]

I R e T il




S4 Or%fopp&iv nna A3/

OL Qe,_(j.&ikow.‘ kOnvuge,.\sorAwmcS (S“da 37, ehew 7..‘1)
{xlkfﬂ talfolid l(mweﬂ.smf Mol X" 5 Konvergens odning
\ AC deh Storska Kal q i B Dxee o %

L —» 0 (Kt _ x;\‘l

= (¢ oo

A/. Q16’ V{Sa q*’, NW{‘OHS Vy\,()"od kOVlAI»(/(SW ],ihjaff med
assymptohsis fellonshanka €=z wd dobbel @ther

Lo'gmi\g'. \/a[( VIsSaG Q=4 3 C-= [/1.

£0x)
Newrons medod X, =% - -

('("u)
Vi Ta%toru Jvecklar §(x%) dac x* ar rolen.

=2 0= (0xe) r £xe) (Kewy =X
(1

0~ £lxt) = lx) + £t -nn) + 29 (x )2
dav Ee (x, ,X")

Vi sitler ()= oh Bremilar  £Oi) # £/ (ne)(Xupa ™ %6) =
= (()‘2)4-«(’(&,_)[,(0‘ - %) & p”(f)(xﬂ_xu.)z
2

= -0 0a) (x* - xup) = E:éi)(x‘-xb)" (3) dar fe(x*a’ft)

{lx) = (x-x*)*h(s) dar h(x*) 40 =
=y £7(x) = Ax-x*) h(x) §(c-x*)h1x)

Vi veb aft €/(x*) =0 =y 0= f’(x“)f £(x) "n'(fa}("““xu} .
=2 x) = - £7%,) (x* ~x) (4) frngt Selx x|
(4) 7 (3) = C"(?K)M) (x”—xu.‘) = r/(fk..)(k%-xka’

2
X* -~ Xy 1 FU0%,) Aoy = .
A A So50 € Oton)




-Q|V\-\ ’g“- - x#

Vd g‘_\;hao Xq_ = )(’ =

LM lxh"ka\l

Et’\liss M\(HOV\ av kawvuﬁwsof&wf"\s" 'k —p0@ (x“—).’u’ -

PPV LQ;Q/ yoert) ]
?  pe—poo 2 r”(gu) -1 rﬂ(k k) * 1

\/\/\_’W

N 23] Vil bedna 16 pwha, £xs 0 med £lx)=z x*-a
Onderscwe  tva Varanier av Qk(pwu'si‘rm“@"eh
Xeva = 6(’0«-) ar  lokaly l‘»onvwsmh de a=3
Kontrolless  Lorsh ats Q‘xé)mwksoms(uwww\g avina Ar Komreldts.

6\) 6(X)“6\+><-x,‘1
6)6(*) = 14 ><—-.:5_;
O Hor sec prw(o*s Mifezro ey UF for NWWS vekod ?

1de skiv om Fx)20 +HlL x=q()  lokalt kowwxso,.)
oV lg’(k‘)) <1

G) ((x) = x*-azo =2 x2-oxyx=-G =0 -v-&(k):a-x -xT X

6’(&)'—‘ 1-2%
lg'(ﬁ)f E ,8’(V3J o243 21 Mkl

K3
b) f(?‘) e x'-a =0 = a(% -1J z0 » q(%m‘f)r—x-'t) =0 =y
s> X wixo1 =0 = x=1rXx-— x2 ’S(k)

g () 1 2x a
g (@) |- g @)= L= 201 er ghai



c,) uxp 26(*“)*

'C( )fu,)
/V(/WJ'Z’V'S’ Xupg = Xu - £7(%1)
g‘f\—
3 ()
((’(lc) = Xt 4 . _ Xet-q \ 3
6(“’) T 2w ) Zuu.(x" *;’u,)

?’(ku.) = 21X
\NW

N, 2. '%] @Q,&’(Z‘(L&'C{ X, ~1zx-1 =0
sz.t"‘(: XS'&@

&) For villkem S&r#a@@)mx;mmm % wmisslyceas Mew fons etod ?
b) Uise akdy metoden Kenverqeme e fer b hemRoner ?

En iteahom ned Mowras wekod
:"> éé()&“) S = - Flxe) dar J = X ™ e

)(LLH S Xk Jw -

6{1 &‘F1

X -1 ‘ = _—

@(’ﬂ‘ﬁ\ z [K‘O -1 I \SCX,U) <l o dﬁ

r b ah

Sny) =" OJ R
Lo %

Nae § ar singolar (dws. tdse vecrechar ) fmtar & Atwtons
mked  ded () 2x de(J(x)) = X6 bmler g wor x, =0



I:V\ devaion weed Newkons ngkod
{ ‘\()K“) duz - £ (%) dav & = Xiwr ~ %X

1T Xt S

2 7 . Yo
0} (3er
{=%o t
1-2-"‘11’<<o+050 [ ] Bo»,i-o =7 x“:iw'l-ga
O (Q
@11 °J4—1 1 to O 16/()
-y ~
%o | 'l'(so»l;—om’) Borlue 1 4—(30,%°) Vo [M(yee

uCTZJ'fOn"'. 1 % _1]
SIEY ( L)L fres) {"b -
(50 Ay - Yo
Weaston 2:
o 4 . )
=D C51 = 1"(30* A?"):] =y Xl :32(11'J1 :ém%] +g_(3°447;&)\/
)

. - (*a] =% (50 %csq\, JCQ(O)CS'O s rC(%o)
Jo
X4 —X
[1 C)/ 1—)(0/:( 10 1-"0.] (S 1'-)‘0}
o %o 1'&30 O %Xy 1.’" Yo ¥xo o A 1—;:60
(52 865 Qv 3(’((05‘2 = _g(m)
N



N.3.1 Bestam infenpo laho»spo(bnomd il '
(1,1) = (xep0) , (oo = (%e,9¢) 4 (1,1) 2(x7,92)

LETSnM%! Vil hitia P(}) = ot Citoc, 4™
Ve S[Cv-ivu Var 4 Po(bnav\_. f)': N ey, Gofm
G)(X\ T Co v Cy (k-xo) ¥ Cl(X'Xo}(k '7(4)

L vert &1, 6)<") = Cos G (X4 1) ¥ Col(x44) x (1)
Vill Va’lja Co,Cq,C, Sa alt P 8&( qNom P letevna

pl-1) =4 plo) =0 p(1) -1
=30 =\«.51 —“02

P02 G4 Ociip e, =1
p(d): Co¥ (y ¢ OCqg =09
91 = (4 # 2, + 2¢y =1

100 Co { Craoss haminadTon 6“
12 2 Ca 1 C = C"I = ’J
(e q

= 1'(){+1)4”l(x4.1))f:‘-1“')(‘-4‘*-)(Q+)
= %%

@(x\ * 14 (-1(x41) + 1 (x+1jk)

.SVc\(i(k\ 7 X




N.3.9| A deb allmanh ¢ Mojh‘g‘} ath passa em lvad ratsl
S(ph\u, Hll d&h@w({r‘k«/‘ e et
a) Kon%(nuer“:)lr decver ber
5} '}'Vd 66(‘ kont cﬂ%vexbc‘f ?
Jvn ngy o hov th‘njq &Gh(})m leter

4) Ja, en Sﬁ)lw av %(q&k Kovwmer GllN'd ha ke
nL.Cg—UiV‘a“D(‘

o) Vej | emdsst hio Wod devvater har n=3 dy dgar
Spline - Mk,,zpa!a h\onSG)ol:jmm.




Ferelasning M4

Q(aqona|iseﬂ'fnq av aaknsec
oI ~

AV\‘faS Ay nxn W\ahiSem A kc.r n lihj&r‘: obexoemfﬂ’z
Qe rorer @i , i 24, n med Hilhorande egomarden Ai

D«‘.Sictﬂu att:
T“'AT,,D daxr T cf€1 ¢, ”,é.“l

och

Olh vavje equmwarde opplyller w,s(»\c)= wa (A;), 1= 1-m

Be/v\s-.

Fran _ovan hor v AT = [Ag Az,. . A ={;\4 [ A;C: e Ah(«n] -
o
(4]

Ay

_ o

c T T: ...,T[] = 1D
0 g"

Sedan Cq, -, 4n ar Liny:r’s shevende A | invecterbar

och TAT =D, (hlecstac  my thpliciteh gamma g =wme)

Lot A, A, ,.,.,X,Z }ul—cckv\& de ofCVla eaemwardema HU A,
Da CZlJ‘or dk akt J%w\s(/\J") = h = 3 ma (A5) 0

J-

\/\/\N""‘/\’\/\MW e ———

LEM'W'\a L’(."

ma (A V\«a(/\)l = W\g(’\j) = Ma (Aj)



Qe-\%_')_\i“QL LI. Y D{ngna_"c}gfbgc:

Matnsen A keallas &:aﬁomt:wgm ovn dek Fms e inverkechar
Mmatns T och diagonalmatis D sddana ath: A=TDT?

Sats 4.6

Egm%‘-’—bm« HIL A Rllhsrande olika ee)emw\r&.n ar
Linjars  obevemde

Bevs: Lat Ay, .. A vara olika egenvirdem bill A wied wotsvarvande
egemvuwor*er ey,..., %
Lt m = dim (span ey, ... €)
A.ﬂag m k&~ visa att debla ar ww&sdsdse.
Eﬂcv‘ V. OMnomrecng Kan vi anta €,,..,2. @r lmJ'.
obervende oL, TP @, T &€t Xgly b ...¥ Xim m (1
d.o"gcﬂw
APplice,(a A pc, e ky. (1) : /\,‘eu = ocu\q Qg+ Lt X A €m Q) (s
Ay elev() - (,lbv(l) g 0= o4 Ju'/l,)é, & _ ¥ “m()k‘/\w)(m:

Eﬂ'cxssm '{u"/lj 0 VJ =1, ., m {Vnplicerc.r (3) aH4
O(,, = Tem T Xy :O (eq,.,.., em ’l\ﬂJOACf()

EkVa‘lZOV\ (] med o= ..z0o, =0 ger ol €, =0
Som ar en Wotsiqelse .
oﬂ'm(f’pan (64,...,&‘) z vh ¢ K

=Y 0mnomreck € =0 = moksagedse =3

= dim (span(e,, .., el =k £



NXN matrise, ar 0["“\36"\41"56(56\0

* Ovam, nged eqemvarde ar dofets (Sa¥s 4.3)

‘ Mf o A har n olika esemvé?fchm /Sf_"t.s q'})
Speciulfalt 2. om A ar SUMM sk  dvs. 0w A=AT (i‘/"’:____h{“k‘m

i

W

EX@WL{){J 4.14

-1 01
I
I ex. 9.10 806 vi ai A <| oo 2 har egemv&‘fd-zma
At = -1, k=g s Mg
Hithlac ¢; qemom ot Lo (A-4;T)e; =0 ;=129
(= 1: o o 1 5
35 1/¢ =0 32,( i e x =

(’.1 - 3

o

S X

€27 |06

3 3
Saérs e = e e, €5 ar lth‘. obexvende och

Sats 5 = T7AT =D Var | 561]

(@] 03
a
Ch pé Savwwmg sa ezf[é[
Y )

=1 060G 003
och D=|0 4o
0 0o 2

J\/\_N\—/\—/\MMMA/\_——



S_%WWSKQ av bildnmgar

E Se,vxvﬁrdxw na Hhll S&wwndniskq liVlJ'ti(a avbildm\n&C«r visar 853
vara veella. Dac foe betralhar U+ forkschs nng e et
veelly Veltonum (v, @, 0,R) wmed skala\ré)fbduuw <02

\/WWNW\M/\/\/WW—/—

Defniton 45
@) Fel(v] Kalles symmesic om <u, AW 7 = {Flu) V7 VuveV

5) Eh mahis Ae R L(g(las sammd‘ﬁsk O AT°A
W I

Sats 49  [-1.:V—r"
La* €=€1I .. ln VGYG N -~ bas  fSor V‘jcﬂ Fe L(V) 6ch

lat A vara wmatnsen il £ | basew € Do ar F
SSW\WMS(( Onimm A =AT

e N N e N e RS

’Sa “rs 4. lo

Ovv\ A e {R e axv Sbywmi'n’S(C Sa o allg €SC/V\V(D"CQ£/V\G veella

BWS‘, La* (/\,k) Vara €3(M(f)a( ""“ A IAVS' Ax:/\x /X¢o (LI)
ot amLaS art U anw Mite olesloyr att Ae £ ool X e ¥

iLa'l' T bedecens ko«mpommf'w‘s kow\pf&sr kov\\juac‘&- ‘,‘ET: x”@

—0



Fran () hae v RTAx= X Ax = Aixi? (5)

Ocly

(A% )= (5x)Tx dvs %TATx = AlxI?

sedan (X1 #0  Sypmmett och A€ R™ g kcerar (5) £ ()
x'Ax = XlixlI? (e

=> 4=/ = w0 0

OVV\ d(\f\q[‘/):” , N 6['1,09J och F éL[V) avy gawmk Sa lq.qr

F mmst eAt ("tom) c,gemvam.

Benis: lat €= e eq, ..o, 0n Vare. ON-bas Vooh lak A varg
Mg Fysen Till F 0 baSen €.
Da g fec:
F(u)’: /{(4 =D A[ujiz AB‘JE G)
Se:cﬂam A zr ngm.ﬁ'k- (Sq#s.‘(.?) g\'\nj Mmnsy eff Cﬁov\qu
AelR och xem” sedan att Az Ay

(7) =2 F(u\ s Ju , Var u = [54'];1: .% X e; Eﬂ
N N e R P o e

Sets 4.1

——— e
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