LectvRe 26 : NMopvLesS 0

A modvule is rava/mlg a vethr Space where we've
A,rcl.,[ace,j a field with a ring. Vechr Spacer are parficelar
examples of modules. We Alow E10./ of Dommit £k 37y

Ded? ket R be o ring (nof necedarily dmmuthe o/mfk/]
A LEFT R- MopuLE eR LEFT M@pue ovéR R i
a Set M 7‘03&%” wifh
(1.) a binary operntiva + on N Under whieh
ir an abeltan grep, and

(2.) an achien of A on M (1At & @

mop RxM— M/ dendted by rm, for

J re R ond meM which sotir ey

(a.)(r +s)m = rm+5m VrseR meM,

a (b.) (rs)m = (sM) Vr,re R, me M,
(c.) r(m+n) =rmt¥rn  V¥reR mnel,

T+ 4he rl'l\fa R hes um'fu' 1 we impost an
o.dcl.')’{w\tl O\ 10Mm

(d) Im = ¥Ym e L.

S|

A r,'j/\‘t' R ~modvle would be .f('ﬂ\r./a//;, defined
127 M>x R —>mr ete. When R ir commutefbive

we can dC‘HM o r‘igg o.ch'on Via mr =rm,
for M reR ond me M. Modele meany
et todvle by defuclt in whik fHllews

E'y modules over o Leld £ and vecths IP“UJ

P

ovee tha Held F  are the Sama abjccf,




Delr’/ Let R le o f('n} and M an R-module.
An R—'J‘v(amcadu&. o;[ M s a J‘Ubdfau/) /Vo//l/l

whith closed vader dhe action of f/'nd’ e/cmaqfr/
l m&am'n) rne N fr M re R and _néEWN

S, bmodulesr of o vechr jpact ace svbipaces,

@ O/M ore  Submodulro of on R - module M

[E—Z_/ Given a riny R we Aave M =R hems

. an R ~moedvle where He modvle achen (s

.f;mp(p f('n9 mv /ﬁ,?/!'Cl»/?é/). vamoduéto are

then lef t _,deals of R

‘_—E_—B_J R"" i o #e/c/, then “%f’u n-space over F

s Fn = {(a.,---, an//a,,.,a,, EFj Aoy F—modw&
wh.ere + and JC&-/N Mu/‘)é

indeed a vechr Spac over F
(a+ b);) = 0, +bﬂ- and  (C a); = (4
ae cdehrad ar above,

Remork: medule achon (r,m) +=—>rm r Ahe
%,w\erdi'e..:\\'u of scalar multiplicefion (¢,v)— CV.

EY| B a Uﬂl‘fnj ff'n; weth 1 e X %Cﬂ He A= ...
an)/(a‘/"/ a"//a‘/’7 4, é‘-Rj

and (Q*l;}a.:aé.{-(y,“ and (ra)g. :ra,s VA,b (S Rn
S avd r R molu MT—Rn on R - medule .

N

~_ .,
At depres 1ha free modvle of cank 1
over K.




Questiow : whot tan we ray about He Free Medvle Rﬂ .7 @
When R = F (feld) Ahen we hnow many things

'f'rom ovr /JN‘f J“fudy of linear 0‘/94'6/1. How
R ir net o feld?

o~

do Ahose cegults bend when

,P_B_"!&”I-’-"-'!: Suppo_u M s an abelran (7/uu/u m;[u - \
and  Supposx M is an H—Inoc{u& he a ke

riny R. Then if S i a sbring of A with Is =14

Men M s n«%w% on S -medvle Via cestricton
Koq‘ /n\—l R"Mo&{ua aofﬁn from - RXM-—BM fo S'X/y]_,”y

Pfop¢F: ’\4\1 ClN‘M °'F ’"’\1 P(o‘puﬂ’o'on W immed«'«td.g veritied J;nu
oJL oo oy "\oldf/\a £ R ncttr/ui17 hdd - S C R whet

S 4 l"/'.ff—// o r:hg wifh l.//

the applicotion of the above Fp.
d YV i Lom/ob,x vechr Jpau

vechre pan over R o« @

the  Scolee multiplicatin.

—

We ,mfgh‘[’ rCCoan/'Z-e
veche spaw  theory,
Mhen Voo [(he wite o
by fﬁn/o/p l’cjffz'cﬁ'ng

Remock = how would we extend Scolar multipliceahon 2
Or, how wevld we “Tl“ an S_m‘°d“h -N\" an
elevete + 4o an R-medule M where R exknds s %
(me. hj? ; .
aehy fobtiy o/i,)

-



Be“'y G{\/Cn ,/n an /?—/noa/o& and I o fwo—.r/dw/ @
ided of R if am=0 for M ael and me

- %cn w "MV _/V\. s anﬂ/%//:fa/ 5; I, l/l/e
oleo//lu an (R/I/—madw& Strvetvee on /n- 67

(r+I)m =rm
for eath meM and (oret r+IER/I.

J—

e el

We (an  prove M forms aa (ﬂ/f/ -medvle n the oboe tas
Netiw if r+I =6 +I1 4hen G-rel od hou
f-r)m=0 Yme M. Thue (r+ I)m=rm=6m =5 +I)m
ane use fnd A (R/I) —modvle ackon ie well—defined

1Y lene Aha  oxioms be I resdu o chech,

- (r+I)+(s+1I)= (r+8)+ T S Cing epershin
(rI)(SI) :(\"S)I on R/I

[

770"'/ GI‘VCA a MMI:M.J I'JCO»/ I I‘n UMMUAA\/( ft;\a /'?
and  an R "mod,,l( ,M which l:( Mn/'/g('/;.{a/ 57 I
4 hen .[V\. ﬁ)(m; Qa Vccfbf Jpace over R/I

'\)_(2:_(... (jivtn'nsﬂ ded T hay IM= QO we fnd fhat R-module
M induws  on (R/I)-mu)vh strvetuee on N vra
(c+T)m =rm. Then T moximed (mplier R/ 10 freld
hen o (R/I)—madu& M U a vehr pau over R/17



Z"‘N\ODVL.ES ARE ABELIRN GROUPS‘ @
Conr/o(e(

. K= Z and let A be any Abelian §rvp
wl\grg we a(crm‘e 'ﬂ\! 3/0.40 o,)gr(../).‘,. 67 S 77‘_0'

A (un bt re‘jard&a/ oy a Z-modvle as  Hllows

Deé’y o - O+ Ot g g (N=times) ".( n>o
0 {f n=0
-a-Qa— -0 (-n—"'l}nu) f n<QO
1, A,g{‘, if we thik aboot Ahe moduvle GXeoms Ahiy iy
1he onla way b mew A W «a Z—madu(z_/ ‘hshu'ng
Z o be o united fl‘na for Anie AWQSHI. On Ahe
flip -side, €very Z - module NL is on abelian groyp
wee k., e modvle + heaee

LZ—ModuW = RAbelian Gr‘ovp;J
L\{kewiu, by e rmnm'hé aboue/

_Z e SUbModuL@,J O‘F (__':> SUBGROUPJ'
% SNC" Z - medole N\ AOFF\:N 'LV;'ELTP{N GRoVP

Kemork : Siven A on obelian &rovp ol X €A wil
£.nike oChte N We have NX = 0 e n#o.

Foc themuce, if Al =m  dhen 1X] divides m VxehA
hente mMX = O Wx e A. Ther A s o.nn«'h{{duj

by Ak deld MZ of Z ondso A s M(%Z)—
—-(Y\odu\.t‘
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£ (x]- MopuLe For STupY oF T:V—>V Liwear ovarF (€)
We study Ahe veche spac V as an F [x]- module
w.r.t. a %'wcn endo morphim T 3 V—> V

o~

Plx)= a,X"+--+ aX +4, € F (x]
ve V

Pixlv = @,\T"+~-4— a'T+a°)v
o, T"(v)+ -+ G T(v) + a6,V

hee TRV = Trw) ed TTOET (T™v)) detine

POWC(J o{' T N(.vr,n\le\a,
V- C

Rcmuh: V 1§ an F-_-—n'\odu\e via
V o5 on F[x)- module 1S on extenJsion of sealus

and F = Fx] so thu v an

fo polJnothj
uamp& of Ahe Jor 4 of exfensien I ahed sbost on G

If\ Summw‘{]/

Y an FLX} V oa vectr Ipac aver F
Mo dwle , and
T s '\[ —#v 'f(\tv

Wr’f"(mﬂ""‘lur\
we con olfo ressen At

W 14
{ W oan Flx)- sbmadle | € ﬁ e 9 /
T - stabl
\_’—3/——’
T cold 1
N T savariant’

TW) cW
in Meth 321,




