M/'/%CNM / )QCV}W Sheet
Ve oy spaes.
Def}niv‘/'m. A vedor spre \/ma ‘Ll?,/o/ F ic a set with two Waﬁﬁﬂas) addition and scadot mu/v‘fpli(a)ﬁ'm}
(o fr miy X inl/ and aeF, xtg and ax are (n V) suh (hak Vhe f%(am}:j
covditions hedd.
(vs1)  x+ =ytx for oM ;4 in V  ( commutativi )
(V) (xtg)+2 = x+(g+2) fov oM x)y2 in V' (associativi
(vs2) Theve exists an elownent o in |/  such Whad x+0 = X for dll xeV (/'c/em‘ﬂz)
(Vsy) For each x in V' Hhere is an chwwnt g in |/ such hat Xtq =0 (4 % an inverse % X)
(VSS) I'X =X (for all x in v (WWC [ s the mu/*ip/imﬂ(ive IM‘H@ o F)
(vs¢) a(gx):(qf)x tor oM xinV and af in F
(Vs3) a(x+a) = dx +4q por oM ain F and 54 in V. } Aistri bt ive [aws
(VSg) (oHé’)X:ﬂX—fZ\r pr M G i F qud x inV.
k Elements o | are colled vechors.
E lenentz st F ave catled scahays,

Theovem [/ ( Camcellastion Jaw)
Lt~ V/ te a vs. and et X, 4,2 e V.
Te x+2 =y+2  +ten x=4.

Covollory.
D In avy veotor spue | thoye s ¢ wnigue oweat 0 wﬂ‘fgfg{ng (1539 — fhe 2ero vector oo V.
2) For s vs. V/ aund xinV, fhere i a ww/j/m Mdz i sqﬁ'isf(jﬂ‘ﬁj (Vsy).

It is cofMed The iuVWge_e:L 2 ond  deneted éX —Xx.

Theovem (2. Let V & avs over F.
For al x inV  and ain F we have:
) 0-x =0 [/Vo»k.'ﬂmISJ0/Lca.Sca/d/ran}ﬂwZ’dwixmz’/"ﬂvw v V)
2 (a)-x=z-(ax) =a(-x)
3) a0 =9 ( Note: +hic &mzwa\/w‘vrq(, Vmwﬁfﬁ(lﬂ)

Subspars.
Deguitin. LA V e a rs A subset WEV isa subspwe og V je W itsedg is a vs.
L with respect Yo Yhe additivn oud scaler muftiplication depined on V.

Theswem 12 Lt V fe a ks, and [t WEV le a subseX ot V

Then W s a %SPML o V i and an/g if il o Yhe fa//mi@ coudi Hiom ho/d
(a) 0 W

(¢) X +4 eW fer all xy eW (W is closed widor add ition)

() cx eW for aMl ceF and xeW (Wis closed wnder scahar mu[iplicativy)

Theowem 14 Lt V 4 a vs. over F.
I(- W,)...)Wn are 5u65paws of V/ theu The et W :W, N W, N . .NW, is alse a

Linear combinartime
Deginition. Legt V fe a vs, and lA SEV te a ne-emply subsed o V.
DA vedor v in V ic a linear cowmbinatin o S ¢ ene cam wrik

V=aqu+au+. .*a,u,
o some vectors . u, inS  and some scalaws @y @n in F.



2) The span o S) Adenoded Spam (S) , is the subsed oV wnsz’é}iw frec'twfy % M Jineor combinationt
% <. W/'sl

Sfolvl (5) :fa,u,-f vt QuM, héW/ ;€ F/ M;eS_(_
For cuvenience, we degine Span (g) =508,

ﬂWMM 1S LA S & ay suleod o a Vs, V ﬂw
) Span(S) is a subspae o V.
2) /4145 subspace @V thaX containg S must afso com¥ain  Span (S),

inidien. Lt V b avs and S o sabset op V.
LW@ S0y thet S g;wwm‘f& (or sixwvs) V i Span {$): V.

De/(.m,-ﬂ;m, A subset S o a Vs /i /inwg o(vme I Vhere exisU 9 finide number o
distincA  veckors u,,..,u, in S and scalews a,,.., a, ¢ F/ With at |esst ene a; #0, Such bt
av + ... *d,d, =0.

We catf S //'rwlou, /nﬁ(zf&m@mﬂ‘ AR /ima/r? Aepondend.

Thesremn 6. Lt V be a vs and S, €S, sV L x/'%%uéu‘sq_v.
0 Te S, ic lin depemcent, Yhen S, is elso //mwg Aopon dpnkf .
2) Ip S, is lin. inolep., theu S, is atso [in. indep.

Thesrema 1.4. Lest S be a lin. mdep . subset o 4 vehr space V.
LtV fe vetsr in V' net condained m S
Then SuUsvi is lin. dep. i¢ and o’ng i v e Span ().

Bases and dimension.

Deginition A bosis  por a vs. V  is a sukeet o V which is lin indep. and J,Wwfes V.

Thearom 18, A subset U, unE o a vs. V ic a fasic j¢ and smg i veny veotsr veV
tom b written am}?uogf m the form

= 4, U, + .. Adp U,
Where a;¢F.

(so r’un}m/g'/ heare  mpans Voad thep i« gwta one possi e choice o e scadurs a,,..a, ¢ F $q¥/‘5fJ/}U

Theovem 1&. 1p a vs. V ic }merwéu( b a finike WS,MM semme W%S s aﬁs&/wl{
{\ Tt rollows Sthat w@g ‘Liw\l&? Wa;(e,/ v.s. hot a  fasis.

Theorear 1. 10, (Replacemenst Theoveon)

LA V4 avs. fw.e/raxfed % a self <V with /é/=i7} and fet- L fe a Iin.}wofcf-f«um%y}/i/’”l
Thon m2n , ond there oxisds H< b with [HI= n-m Such Yhat L yH awtwa,v‘es V.

Corollary I Lt V be a tini wenated v.s. Thon every fasic for V  has fhe same munber o
L 4 e o tinikly g K

Depinidion, A vs V i (inike-of imonsionad W it pas  a ginive asis.
ﬂ«a (waigue ) muber op Veotors in d fasis for | s Glled the dinension o V) denated diwt (V).
lp flove s no fnite fasic, Yan Vs rhf/'wi/(—o//mﬂﬂsfmn?/

(Corollowg2. Lt V & avs oo dmension n.  Then:



a) /]U ; a1t MMIVWWVLMM K least n we Ao .
é) /4;/:;/%/1);. iff(:,fr S»:%sw‘ A V with n duwenwrs is a bsic. St
C} EVWJ live. 'mp(cf;, sudoctt o V cam b osclended to a fesic for V.

ﬂ% dl'm(W)éC/IW(V).

Themew LIl Lot W & a pq%spm o a4 vs V' wity o//'m((/)‘cm.
\me/w, i dw(W)=dim(V), Yoam V=W



