/Dh;ow-%r@} op lin. v‘rwﬂs,wrwﬂtrws ( W"o(.)

Example

Dt T:F —=F" & degrud éﬁ Tt )= (4,.ra,,) —so T “torgets! dhe n-th compmred.
Thow T is linear, N(T)=5(0,.,0, 8) :0,6F§ and R(T)= F""
And  dim (F")=n1, dim (W(T)=)"" and dim(R(T)) = diw (F") = 1.

2) LA T: R(R) —> R(R) b The ditporonftiatron tramspormartion, i is T(pei) = (' ot oy /Ja(/ynmfﬂ//m
Thew  T(ptx))=0 & plx) =0 &) p)  wwstadd. So §(T)= f vvskond polynomias in P (K.
Recall dpast £, x" 5 is a tasi> por B ,(R). Sine 1= T(d,x =4 T(), .., x"' = LT(x") , 7 follows
etV = Span (FTi0,.. T (x*)5) < £(T)

kﬂ% At (Po(R) =11, dim (B(T)) =0 and  din (W(T) =7

D%{.iwiﬁw. L TV =>4 A4ea ln v‘rwg‘c.
T is injective iy T(v)=T(u) implies v=u , por oM uy el
T i surjective ¢ por every we W heve s some ve /) such Vhat T(r)=w
L T & gyw(ﬂ've ik it is bty /hje/u‘"wz omd S jekine.
Theorew 2.4 LA T: Vot be lincor, Thon T is injective if amd why i N(T)= Jof.
Proog.
D" Supprse T s injeshive, and A xeN (7).
Than T(x)=p = T(c) => X=0. Heue N(T)=3
" Assume N(T)=§0f and suppose T(x) =T(y).
Thea  0=T()=T(y)=T(x"y) , as T is lin
K So x-g € N(T) =§of. Howce x-§=0, or x=y.

Thaevem 2.5, Lot T V=W 4 (iw.) and i (V) :o/iW(W) <o Then fle ('V//Wi”’aﬁ e of/u/Vw/w‘f-'
a T i I'wd ect/ve,
) T is swrjective.
o T s GiJMfVc
04) d i ( R(T)) = fm (V)

Prog.
(53 e dimension «AMTW/ duM(N(T))"‘ dim (R(T)) = diw (V)'

We hove @ quwaary) .
T is Wjeckive =N - Sof (=> dim(N(T) =0 &> dim (R(T)) = diw (V) &>

=5 dim (R(T)) = dim (W] =>  R(T) =w &> T is Serjecie.

k (Thwe 1.11)

€;ra/Wlf/{.
ODegine T ¢ F* > FF b T (a,m) = (aeay, a,).
Thew  N(T) = §03 ;%0 T s inMi\m. @(j Theorem 2.5, T is oo w‘“)u}ﬁve.
2‘) DQ/("M T: Pn (R)%{RMI T(ﬂa "‘?:YF...*‘?MX”) = (‘70/ Ay ).
TIMM T s lineor aud iw(/b(/(-l:\/c} henee T s {Qb()ﬁ;/(_ (az ,,(r}w(Pn(K)):glfm(/K"H/ ‘/)_

Neat we  Stow flat fofj I, ‘ﬁramg'c, Jra Wff/w% p&wm,‘w % (s eflou on a usis !

Theovent 2.6,

LA V}M/ e vs. over a prdd F/ and A 5V, Vi e« fosie fr V.

For Wi,y W, € W there oxsds w(m/"i*’ e lin. Vrospormetion T Y — W st
TU)=w; g izl h.



LU(— A V. nw x= Z‘_:ﬂ; Vi for sewe WWW Scm Q) .-)an € F. ("""‘“’% 2 Vi) yVaf i a‘v&&/)
We degine a wap T: {;_>W {2

T(x) = 20 Wi
a) T s lineer.

SW eV  aud delF We wm  wrife

u= 2; bivi am‘( V:% avi prr sewe Seadog gll-'-léuz Cips Oy efF.

Than “
dut+v = g (J€|-+(;)v;,

gﬂ _l\ v n
T (du+v)= 2. (dé+ci)w; = d 2 b *Zci“’i =d T(u) + T(v).

=i

6) T(v)=w; for iz, 1 — cheer prom (3 ofﬂ/,ll‘h/'v’ww 4T

AT s MM/W_
SW@ Hud U V2W s linear wmnd ok ¢ ahso sadispies U(vi)=Wi 7oz, 0.
TLW/ for j‘(eV w/th JX= .Z«.' a;V, we  heve (a/s U s //W/V‘);
[/f(x) - Z 4;6{(v,-)'—§ aw; = T(9.

Homs U =T

Crrolfwr_ Lw‘ V/LI/ é V-s)’ V /vs a (,,_wi{c 4‘*9.& {V,}...)VL,E,
LI(- UT V—=W we fiear and (/f('/():T(v,')/—rr (2., h Vhon U=T:.
Example, Lt TR SR & e f, Vransporwodion dgined b
T(a,0) = (20, -9, 2a:)
Suppose X U R* >R ic lin. Nvansg.
If we lbuow thudt U(L2)= (3,2) and M(/,/)’(/,&)/ﬂ‘&"’ u=T.
This pollews  (vom the Wa//a/g ) Gecanse  501,2),(1)0)5 s a besis fr /Rl.

7711 WZ;\/( VW«/Y/WW o @ /n., 'fhwsmma)('bw.
ﬁq.x'vu'\‘?/m Lt V b a pindim. vs  An ordored  busic for Vica s s for V' ecodewed with o specigle

ordor.

Exangle. - Tn F' ) p-Se,,6.,6,2 ic an ordored bosis. (H,Ca//( €= (192, €2 = (1,0 )¢5 =(90,1) )
/4/50) X:{C,_)e,,c-sz /s 4n aroloye d fesrs.
So £ and & is the same s bt }fd’ as ovdored &9@; The choice % e ordor ma#ers./
"

rFer g v FY owe wM fee, . 0,2 the sandoyd ovdoved fusis fr F
 Siadan by, por e vs KF) weadl ¥x,, XY ta, sbasderd ovlyed bosis o p, (F)

D(f,}.}'“w.[ml}:fu.)uﬂhf& an ovooves busis fr o fpiadim ve V.
For x eV, It a,, .., a4, ¢ F f Vw  wnigne Scaluors Such flal-

K= 2iau; &@21 Theorowy 1.8.)
We degine Vg wondinate vectr op x  relet jve *o 2 denoted [x1, ,%, o cach vetor cau
o . b descirbed & its
J I .?z . ( So [)(7} is a reAer w F ) worolinates with ng{M
A oz a ﬁxa( fasis .

o 4ice Yt [M,‘jﬁ = e;. )
» The  wrrespondine  x —=[xIg is « lin frwm;formaffwmm V& F (Echige),



~

Exanle. Lot V=P.(K), and kX B = £1,,672 be Voo shudenrd ordored tosis for V.
(omsidep F(X}: Y+by-F x> éV/ len

Y
[F]Jz—’ c)_
-7

Deﬂmi%[w Sufffv‘x VoW e {:}nio{r‘m. vs. with srolved fates f: 5V, Vnd and = z‘w,,.,,}w,,,j/resper‘/l}éd}
Lt T V—W e Jincor.
Then for eanh d'/ 12jsn, thore exist uwaiqnt scallors ajeF, izizm such thet
T Ch)=2la w, for 12j%n.
=1

We Ml the msn  matrie A Aeg i hed % Aiyj=ay e  martric represwkedion s T 1, The ordered
40&% JB and 3'/ ﬂVIp/ wride 74‘[7’]{.
Ig Vaw  aud P, then we wrik A = [Tj)a.
Noetice  + Pra % whawn o A is [TOpT, . .
s Te U VIWis a fin Vramsg. st [Mj;= [TJ)S Ve (/:7( % the ww/% to Thuaront 2'5)
© So [TIn gies an oxplicid way Yo bscrife T which e very vseged in aiputadions.

Exm,ﬂ/e. [est ’/_"RZP»/RB & e lin- tramsy. obqfr}wa/%
T(“l;“1) = (7/*3“,_, ’) 2a - Ya,). .
LAt ) —_fe,/g,_f , F=1¢ 6,65 — The sandowd trtes for rR* ano//p/ r%'aedf/i/'ﬁ_ Now:
T(no)=(1,02) =/e, + 0e,+2¢4
T (0,/) = (3, 0/~l/) =3, +0¢, - Ye,.
Henmce 13

- (3)

o
y’ 2 -y
/)7‘4/# "f we fake 3’/: ffs;ez)e’j/ ﬂLW [T]P - (7 jﬂ)

Deginition LA T, U - VoW § farokios, whove V,Wape vs overF, and lod ac € We oloping :
T+U: V=W (T+) (x) = T (D +U(X) gor Ml xeV.
aT Vs W (qT){x)———aT(x) v M xeV.

So T+U and a] ove 4Vh pn Avons frow Y W.

These opeved iong  preserye /inw}g~
Therpern 272 Lt VW & vs over F} et T,U: V=W G fimear
a) Fov aM aeF) aT+U s [ingar.
6) Wit dhic afwaxfiau_g o adolition omd  scalar M/v‘/p//'mﬁw/ fra  3eX ot A livear \{/uns,cormwfww
Vb W ¢ a vs ever F
Praq,.
d)MX/géVMV/ ceF. Vieu .
(quM) (cxf*g). = (a //(6*7) + U(cxty) = a(T(cfo)) + e é//(x) + M(é) =q (c T(x) +T/z))* C”[XHMKJ) =
frmAnn Ve 1uV = acT(X)+¢M[x)+a7—/i)+b{{3) = C(ﬂ/"’”)[)r)*(dT"‘M)(g)A
IL'L(AM{ M g aT+U o liear
4) Nete vt tle 2ew tramcpmrwativy T, (vecall To(0=0 por all xcV) plogs fie rofe o fhe 2000 veckor
and its sy do vm’;fﬂ ik M op o oxioms (L/S/)—[V,(&)% a rechor spae ave sadispied.

Degiiiction  For VW s, ver F, e dorde Aliyw)= 3T Tis alia dowsy pro VoW f —a s ovy F.
L In cese V=W, we wridp K‘(V) g Nead 2 A’(V)W)



