8. A The rmatix # o Lirieon mal

7e|=v 'H"Le. Mmathematcal Calodat'ons ‘B_'IE Avriesnr

Lot Vond W be vector Spaces overa Prell K
. V. [P g = ' ~ .
mth given bases ar- («5)7\(_3_ el e (),
Y’G?S«Pecf-i'veff ovndk let f—.‘ V — W be a K-Lhear
V?’)au}a. TI’L&,——. 70 o meI/M&I)/ Aoty rrirred (19/7]’)-2—
ErfrEsm 5.]3.3) lo), +he /L?—na_gx_s
-}\-(/v‘) - E Agg 91eT.
] 1E€T
_n"'f-f—e. L'h'?akgx.\r Me../"*"lwww deterniined L.vy +he
Coo‘FP#C«;‘m’b E)/&'b?am

MAP) = M (F) o= (agg) € kT

kl%/}m
8A1$2FCW&OH Let K ke g freld and :15 T be
(1) The K-vechr space KL*Y 5 cmlled the Space

MI/ o (K)

i .
(2) The rmatux M, (F) = (a,t-j) = mj_;j(x) =
Cellel +hie Tc_?\_t:rix‘ _:H’?.e, Aivieo—+ ko f-‘ V—h

With vespect 4o the baces fl)"z.—_(qg]‘.), ond W =
i it B o s ool Feg

((VJ:L:)(‘QI ,Uﬁ Vp'rn.ﬂ f’\/:/ r'e;{:-ecﬁ'\fcj/_




BA[z

L ed A0 = (C,t,‘?') S MI‘J‘[K) be o TxJT-rnals v
/

(4j7€_JCK@Cﬁ“-L4Q+I—Lalf'{1:;Dl—{*MOQ7Q:T

R Fixel jeT +he T-Buple (co & K

7)1€I
Codlel +he g;ﬂ__cg_lu_»ﬂ_ # #-’- AZ TMF—,,.Q

v the C’ObPP’C‘)-a-ﬂé 0_)44, m e ASTE vopm f’vﬂc(’g—'ﬂa
el i,

ND’(Z_ FHhiat - I)C ‘F V—-au= I 5 a Lirnear P'r’)a)b

Ak V= (f\}‘)q(_d , B W™ = (’?ﬁ')L,er Are baces £

V ank N r‘:.S‘:F-ecanw_),/ Hhe. -f—ww,,,}, 91“6_\3‘

"f(u— @+A‘egmcdemmH uﬁ'f-/'mma:‘fni/ul*

w*i"‘:'{-F) = [ﬂag) Uﬁﬁ ﬂ'h Fﬁr%amlw " evary

fwf’

Coliirnm ajD_“'D'L there are o-ﬂl ;uwf"cj), Silaasr g
rrori- 22,0 CD“FP'C-I%;\F

For +He Foabh slandard cndexel sehs ‘o—fl e
7D'Wm—r L= f’/"‘,’""} ovnd T = {4,";,”"}/W€@;!&‘}%£e
Hiat @ vmabsse A = (O,l‘j) < MI/J-(K) @‘7 uSheal
'Faac*%gm/m ATy

C4 1 C"‘h] C4 7
C-\'. 1 C“'.j i Crt 2



FA[3

We cas these mabnces as i xvie ot cas L.
‘Hfu_sf:ac;e_ cﬁm&e M xr- rlabhaces ever 1< A5 ole -

nolep J’)’ Mm - (K) - An I"’&“Pje‘ (C".')cfél_ré Kl;

wl"—-’—ﬂ HWe CornssAer lj"@':? A mftlzru‘(‘ MJMQ

7

45 Rernolel éy 4. Coha s - V-e.,o"‘rr‘ te. as a LxZ17

H’?a}:nx‘ W +h b'rv)/ orte Colurinr M'Hy Coaf—F,c..z-nkr‘
< e, F/kﬁ—i—u.; L)Q L= 31, ,'fn}/ the, e

Wyt o

AY\J’W veetor 05 derohed as T4y~ I maf:n‘zc/

e p— —— ——

‘H'werrr-e, the vects~ (c ,‘;) & thvaa wriHer as

(a')1<(_<m = (C1,"‘,Cnn)
AA‘ we have a.ﬂrvuy\{ r‘—brﬂwk-r.aﬂ, an e ok o—ﬁ
a (erum H'?a\.):v r avﬂ—.-y CoIMP-‘nl"'J e e Are e;-nj Pu-rnf—
t% Mq»n)/ o7 - 28,0 Cq—p-n’:c-ﬂ-bn,‘s CO‘WV-C—{‘\SO%/ H
-E'/\/J-? el s b= (nﬂ:—j) 't S i:—mlaa.f,?(!a
+he malsse cr# kn‘mq,r-m-m_#ﬁl V—1 KW vWhth

espec, v AS 25 ornd
resp }--»‘-o*'ha.aa—cﬂb V= (775:3-#\/
N~ = ('rV\"‘ )L¢I vﬁ W n’]ﬁh—nu% e P'na,;, f afq.,F-ruu:{
)7, ﬂ:(f\)‘ - “']mr Scnce Hhe mﬂjg 30 —>

teT

Lo (F) & obvionsl, Kobineor we note +he folloming
W‘fbw{,—n-n'é r‘eS—wf.l- ‘Pn’ ]tzfrwtc, Ad'rmensvrnal vechkor

c;?atzc .



SA[4

&sz Thwm L..g,f, V and W Lbe J:wu‘f'z, A renss s~
al Vectwy SPHC:J over PL'-e,ch K m+h anu l:‘:

)jGJ_ p Y—{S)bicl“l'\/-c[y_ ﬂu—q +'l—,_L

Mﬂ}ﬂ

ek = (”C‘)c‘éi

Hem (v, W) — Mr (k) # /Vitj:(#)/
Wha'els mafas eV Ary K- Lirear ek F:vVv—r
to Us rmabsx et r‘bzy»jpcm’- 1o +he gvan basesw
ol o 05 a Ko rormerpheism from Hen (v, W)
ote Mp (). b paricalar,

We rome mowdd Aike o Gomsiter +e Camposihin of
Lo mMafos omd ther malscer. et U, V, om&
W ke veclor sT:«m var o freld K rath Hae boses
U = ("'Lr)y-g';e = ('”_‘) amd o = (. )LGZ.I' y,
(eSpechivel, . I_.e,f - U-——>\/ and £: V>
ke ,?»mm—ma#; with & = =ML (,9} = (k r)e:'ﬂ E(,K)

andk VT = /WL f:“—) (@ 7) = J_(l-()/ respechivel,
W 'Fur Y*E(R A d QNE_JW‘I’_I’WWC:
9(%— Z b, Vg omd 70(- Z:_artj )

9 < 1 eI

Mb)avrc,_ L;l' 7Eo ”UT-RS‘ +hat : 'j:tn’ +he CUWFC)SJ‘J‘J'U?)
fcj 3 U > W/




A |5

09)(u,) = b ar-) L. Flv

(C)Cﬁ)() J"\(%g 7) %Jf/7)
:::-Z %rZ ﬂd‘y‘fW:-

7?; ’L‘G.I
. =L C. NV
= 3 (Z aaybyr)w; 2 G
1e1 gé-J' 1€l
Whare AP E .394~9'177*‘,_ 7D!n’ (4"} Y‘)@IX K.
JET

(Nb’&(« }’L‘f’e Hhat wWe hoave nsel the Cu-r-nmuJ—Bl'""’.T}
K.) The v 1 g £ .

cﬁ ) ab x 1 = /VVI/@ ('Poﬁ) ::(Cir)e:l\g-;;g()

’# H'LP- CO"#‘H}Q(:S-:‘J‘IEJT‘J j:oj 1+ r_g_g.f.e_c/f— Jo He l?ﬂ-ﬂes_f

awn an & - C’ﬁ VUV and N/ r‘af—fc.o}-ﬂwz_&/ > +}1A&P-o'r<_
+he -)bY"fofrlC.'é c:ﬁ +he rnobnces VT and 5 i Hae

Sense of the follonng Aoflimifron .

§AB Defirbiorn Lot T I R be indixed sehs
amnd /oz=(w,,:j) € My 5 (), & = CLs) emjj,‘i{w)
h-z YWGDL_ﬁJCe\S‘ OV A ++Le ‘Pt‘-&fc:? x . S\/\/P}’o-&. ')“HQD’IA&
ﬂ’nah;x %’ Q/v)-g Golur'nh Con +avro cs‘-nb, ﬁ‘rﬁa'%
rh’?a—ny - Rego ederments . Then Hhe mals <~

T = (<) € MI‘/P (<) wWhere
Cop ¢ = 2 9‘4'7' %’r/ (4/ ) GIXE/
g
5 Colled +he prodact R VL and S5 and 45 dens -
Aol Ly LA

_17’1-& )br‘Da?ﬂCE /D'CE% G:F o P‘Y)atj—'?;cs_r Tt Wnc?%— s



PA| &

OJL—P‘H_Q_Q ( 'f'ﬂ;fr tndexed Db -7Q.r-r+4'1& Colwrmns
D:IE‘HQL 7D:‘r._r mﬂbn'x an & Fhe Lndexed Set ‘[Qtr‘r
the romns °}P Hhe Second ()&ao![-mr)mou&ox‘ M-LL‘IYLA.Q,
9“075&»/\‘;"&»1/»9 Fhe .]br"oﬂﬁmc'& v UL & Hm‘!nf}(')
oamd G e VJP'[(K)/ w,h, P4 € IN nS> Aefriel
?Wﬂ& cﬂb 670/ Y'):#J'Wﬂcﬂ e FhaS Case +Hhiei
product VL & Mo, o (K). At +he positon

N e, — e — N — e,

’_CE:_(—:T" o’ﬁ '}_}’u_ 'L:-'#:‘ s Veotr—rr DOv. = (Rﬁg)y(_g- i’?}—

b T

mith the y=th Golumin vecks %5 = (L) . PE

i S W N,

Tt e it
T — e~ ——

’ N\ 2 Sagh
Gor = W= (R o ) [ = =, I =

nr
Mg dye + - + ch}:b

1]2 A Co:%ﬂ‘a‘:-nkr viE/O'L And I re m Z ov rrere
W”?’ Mm@ g A/ Then all Coefpreienks 7? +he
product L are also M A The maksx product
5 olefinad fo that the folloning ascsabin holds:

QA-LI' _rpu-ofl*ﬂ /l?&f;_muj mf& be i‘f_‘”’;"’f_ff"'c”
GV @ Px“a(& WK w'th bases U f'U“-——("U“').

gnd 0 < )y Yeppachbey. Barther o€ 9:UsV)
on & 70-‘ V — W,_ibf: LW m&/)mm F+he Frabsxe

NN T e T e N

—

| — P R

Hhe Ctrr*n*osf}')‘uv—; ,f,o_i,_y.. —> 1l Yﬁ,’i&fp:‘f—t_-‘?h

T ———— T N ——— — T T e N ——

e basen @t smd OO 47 Soped v Hhe prpduck of



8AlF

'H'Le, Vﬂa_};h/)(‘ O:E\ZD VV'I‘H*) vespbect o e boses
A ‘o W amd e rroke Fesbe

o ool 1R of 9 rith Yespect
w ‘ﬂﬁJ-eJ N ov-rw? e T}’T—l«‘c»PuYe :
/WL (7903) = (7‘1) /VVL (9).

Usvn:y +he miabrx a}o a Ay reor rado crn.e‘ Cernm
e.q%% Gu-m,:?w-tt. +Hhe auv—npcr»v.e,ﬂky cﬁ +he LIMAB,L
Vz_ohms/ For ex mmaple -

BAS Theorem Lot _mt. (#) = (ay)< M,
ke +He rmab

A Ainear Mab F - "'::,?,.b_/
' +Hh Y"-C..S'Pw‘}' +o +Hhe bases Vo= ( ) and W =
A~~— s P W ) ’]G'J' —~— T
(") ex F Vand W, recpechVely . For o arbchrary
el W= 2 &%, Phe Colwrmn vechr %of
OF-J'

rwtm—c-n{:d‘,j H’le_ LmaﬁVeo'f—w 7D[fv‘)—-
Z Jﬂ,‘ o M D +Hhe rmaksce _f'rba?u et
1¢1 T T

a

i P

V?Em"‘é" Ng/-j «J CILP,‘W

_ﬂ Wehave F(v)= > 4 70["’") 2% (Z—I‘Ly )
=Z (Z ag4) -—Zgg Ao

et ARl

B o B Ehane ymoher o Fat Conapion

TN TN

4T



8‘AZ8

8 A6 Example | ot pre M. (k) ke a
~

fmabn'f/ M wWwhacl +He coluirnns I"’W\fe ‘3""5‘
f-trr‘xof},b MAany NU71- 2240 Ce-rw}aohe,r;'l*s_ Then
ﬂ/:D_L" K(J).______) K(I)

opo,&vnu? Ly/ ot s /b’[-/m,/ Lhere v e KK
> U’P\[:A”rf? reted as & Colupr Vrechor 1+ resp-
ect Yo the stoandard bases o K ot KT

v the 5#\/% mabixc OL.

ANR +Hhe rratsx of  rith respect Ho the
basee a = () o - o ﬂ‘_—(ﬁ{‘{)c‘eiuﬁ vV

J1eT
ormnd N & +he makbsx /D‘L/ "%%a@‘aﬁ,mm

(5] P B =55

(5

K ,
JSJ/ \K-U
\V F > W

o, G&mmwr'—vclwve/ tdbmee Sk rraps K(Jj———> Vv

W)’?£ K(I) -—-—-—>N AHre "'“}’7—& Co rorical ,:CMWP*
ond W vespechvel, (sce Theeren, 5.0.5).

[he jDTﬁPaZL‘u ef + and T Correspork +o eadh
o+her g‘?’) Comcrets Cace Limder an&c%“gz«h}a/
Phrcfire one put Ot=f  snsteak of R



SAZQ
The rulew -Fcrr+PLg_ og—,m,aosfh‘m # Lireor
rrna—ps 54'\/% m 5.0.2 Wu +o +he howo-
mw]ﬂl’m&'nJ 079 @Pa (J-ee_ E:xﬁw-nfale_ gA ‘9
‘Eoye:{: +he fc”umay r’mle._c f:rr P o' ces

8A-% Ld:/b-cme MI/J_(K) %:6 e M ()
and AT GM (K) FuwH-u_r ﬂu&abeK

S\/\#POS{, -}-P?al,— “’_1"!2 CQ[WPTJN a}i Fhese i a s s
I’IMQ c:—n])z Ft'rw *c)/ bl e 1 or)- 2ev0 GmPOﬁZH{‘J
Then +he follonng rules hold ;

ot (B B') = 0B 400 B

(Ctra ) Hr = Dl + otk
(2) (aDY) (b%) = (ab)(ouB)
(@) (0FH)GC = m(HT)

Even VF’H"UE v e5s e F\fba?mc:{: OLE a5 o?z,F.n_QpQ
+he pabixc Frv&n ct Boor o thbr'u—-ng mko(’e_.

%n-u? g:u’mﬁME ever VF J:?O'}'"l +he )bmaffno}:r
/U—st anH RPD'AT& AT ae_a.%ma( omd hove +he corrre

‘P-mrma{/ 'f"}’]@ need not e L7ML/ Ain e e
%Po&% ":F X/'"l"b&w-r mk{as a5 not Cts—rﬂl'nuj“u"l“fe.
For -@Xﬂm/a'{e/

3 q.)' (;L&) 35 +4F 3-L+H8 43 S0

G Ga)= (37 a8)



c?A}iO
Let V bea Koveots Spece hath baskx U=
( .)LGI - For @um plicy t.; let ue assure Hhat
\VE> vaia e dimenSenal om& hene IM)DWMG
Fov o Liviear D,Em’-w 3[‘. V/ —>V +he ITxT -
rNoten x /)/M,T(F) S called +He rmabsx °’£ P
it r'es«fucl- to the basits v, - ths roovne An&
Colurnns are Cndexeld 1‘7 +—1¢< Serrme cnfexel
Set T. Such mobicas ate Called M&
f)’?’}otﬁ;:cu‘. The Space 9113 Soare T xT-rret-

— —— -

Yites 0ver K a5 dernokel L;/ MI(K),ImFM-
&-cmlﬁw) M (K) o> +Hhe S'.Pac’e' 078 S?We X
Mabﬁm over K. The mabFsx /I/I/I/ (o v) 07'9'7"1'7&
L(/‘anb& /Pﬂﬂf LG? V—V % '}"I"LP_ edl-lhevr
vw—u}- 17 s % 'E 2= (cr,,_)) & )""1 (K) W here

— — ——— —

49 { id;’j/ a5 He Kiromeckers ~$‘Jh’)-£?o/. o
/

I::{fl/ ,m} we dencte +he unit maksx Ig),“é‘m
T/fwru](zm"a
', 0\ e M, (K)

e .= "
O

1
avrlm-;lrwry arabcs AUl e MI (K) v £
e My () ave brve ELAL = DL ond

A F that



8.A 14

——

S-A.8 Theorevn [ of K beofeld and nelN
(respechval, T bea Ponite &_e). Then M _(K)
(Pespectivd, Mp(K)) ©a K-algebm nith the
vt mmaBa p=8 (re;«}p-u:%‘wé EI) as vrut -

element and Do M (k) =n? (resbectiely
K

D Mp(k) = #1°).

The map F—> wn (£) o Ena_V ono
ML) 05 nok e ly —Wnﬂ:a-oh'?tsflyﬁ-mam —p -
Vechr Spaces bt alio (by 8.8.2 and 8.A -4

) Gu‘rr)f:m;z'ble h HH He hqud,&"b,&rca}-.‘m cr:"i +he
K*—G.%.e,brns EHJKV ornd MI(K)/L"E” We I’?Me_:

8A~9 —I-I"I—W-E»rrl L et \/ b—&a 'Pur'nta Adirmens'on-

al )<— v‘eczf-av' g?qc,e_ rvth +He Jgp\.gl.:s‘ T - (/U’:')-:‘GI'
This 4hs t-na\}:; -
Ed_V > Mi(K) P> m(F),

Which maps e 2y K-Lrrear oprr ator

F: V-5V to ik mabix hith vespect +o +he

bass I 0o a K- a.gﬂe,zm\ oo roror o s a_ﬁ

End V' ombo M (K) QnFM;ean/M/Z )
:D;mK End V = Dim M) = (#I) = @MK\/) ,

Let Abe om ML:-«—}Yw-?/ K—a.ge.’o‘ra_ mmth bass



8A24;_L
- ) (
V= (%) rer. Fr (82) (b)ex™ Ly the
Q&MQ_ a@-‘“s‘f'h'fsnf—a‘\/e. fow‘/: e bevve -

(Z 0‘4“’1‘) (9%:1-%45) = Z a,;lvp‘ﬂ-"\g- .

LT o
( &,/ 9 ) eLxT

WL +Hhe mw&ﬁﬁr»{)c;q-l—im rm e K—-ﬂb&l:vrx
A o> VW’M;V% Aete rrined Ja/ +Hhe fpr—v Aacks
VoV, yged. Thi cam be Nepresentad b the

e ‘Oa\ * crr1 WQ
3/.\/' -5

k

J kex
the cocllicits al¥ e e oo
D%Q‘c:a = a«‘g' = K/ 4/ q/keI‘j crre Collel

the shuchure - Constnnks of +he K.—-a.ba_lw—,\A

v th \"’cé‘ff?e.c-f- +o +Hhe basy U= (fD;')q‘GI_
For 4,77¢ T, We Lenohe by ‘5{7- € Mi(Kk) +he
ke whete (q)-th entry  (+he coefprint
m Fhe Ath rpo and 9‘-"1‘7 Co/umn) ~s 4 and
Al other enbrier are ©. Then \gn:* (1,9)eT<T,
D the sterndard bas.:s 9712 M () = Klgf crnd from
+Hhe Sies

%A?. "Em_ = 57'\* gﬂ.$ ) (4;7-)j(r/:) eIxT
Lﬂ-Fm"lms trm e a(;i'\a\'tz& Fhat +he strichaire -
Constorntks v_"E the K-aﬁ’je—i’m My(x) it e £pech
Jo the basis ‘éd-g‘} (V]) € ExT are (pndo.



