Lecture 8 (01-09)

01 September 2020 10:29 AM

I’Q { ﬁ'g/l' XR/_S \s 0/\"'9) ﬁ\&f\ (D, ') L ( |/°3 muwak I’)oufe Frcfmﬁ e-

Maroh. C‘\‘\\Iw o_ ‘(A\V‘g R, we Cl)ﬂ'\”k JC‘\& q,ek vk Wmﬂl Cd?ﬂ!b
iR LA Mox(®, and ¢ R & tommuk obie, Yen  the

s o prve deads e denoled ng;@»

(_Q“‘ZA Yhe \?r;mz s?a.d’\'um D& @
L\AQ s\l (Drm'fle)l R bk wmm when 'Eou‘*w:} ook ?f;me IAEP‘IA]

[No&wﬂl ﬂ/ O-R—\er &F.M'v\a a sk 5 i it V\w\-eyf)t]?]

EIS m () % 7wk, n if R:D.]
Olay, olsume R F .
Clain-  max (R # p.
Poof.  We poe dhis by u5ig Zopn's  Lemma.
lt A be Be sk f oM popr ideaks i €.
DA £ she  {oye A

@/& i o Yosds loa C.
B Lk c A b o cain oy ol

)€Y
We d‘"'”\ﬁ«fifji. has on wppen bound in A,
JEY
ey, ATea ot Yjev, T cT.
. : 0f (ouse, e A
i M T2 UL Rah
o J.c T \VlJ'.

J

Clam- T €A Tt iy T i ideal which i peper
(fl\ R\)

ool Lk 0T
el ave T Xe some gob €3
(5], o dun e Tk e
) :\’:SLD'J—:J,l

wiot 2

&V\LL
cT.

_N\M/) o € I-)l 0o well- T\\U‘, m*\;%xjﬁ

Notes Page 1



Q‘mi\w‘j, foqvem rER, v have ov, ra € ;[J CT.
o, T a(;lmjfa el '
(1’ #Qg o plvibus >
LuJC\a b kT & Pger, mote Aok
1 ¢ IJ V\\ Sinta ead 15 PRI ?W()e’(‘
Ty 1¢T . 0 T ie prper @)

Ny by 0, @ ad @ we e b N sk
te Mpthesis o} Zar's Lo T, D b o wopioned
tlemenk M

o maeomd ided i R (T\m& o m €M (j?))
el suth Bt M T

Te /L whe ooy s wmx\'mali{a

Claion y s
b Lt TCR B
U I GR He
4.
T, T = R, rnmn‘na Hhak Mo % oo, m 2
Coroua: 3% (R #0\
0) EVUJ profer dod is wnkoined & momimal el

D) Lk aer T j ke \\\ |
o_ 1S SN onck (—‘_'9 3 m Moy R <& aEmMm. w.«\a Diherwise fH YO -

o “F:‘]M’ Mﬂ)('l,
Eﬁ. |\’la)<(7/_\): %PZ“ p Fn'm(?}
S\Mc (W) = %P‘L p i prime or p= Oi ,
May idel
Tn 3@\@(&1,, Max (@) < Spee (R). ace
Thgl‘ l'S, i{r 5 s & WYl'maQ idhed W R 4hen vxj c ‘m'me_ ?n-mc

Qe § s prme i Kx& abe b, ten aeh or LG):). \

A I a4

] vob \ d\;eg‘,ﬁSu(}'\‘Hﬁ}

Notes Page 2



L
Frgg&' L(kwx\oe.o\

Ry €N wd & £M

ke M D ME M £ o

le NL

.J

/

)

e@ Lﬁ SL&()’\W
NWI‘IN!& thP& w\ﬂl (J\"

=

V‘)-\'<0\7 =R

2 AME“, v€ER -t m+ ro=)

> Vﬁ‘oJr rodo =b

henm

Ca( D\\W@ @ 15

—_—

oM

ok

p ke

oo
Yiv&
Lok

@)

-

| odee

V\o)(
R -

5o
\/—\/_/
“

l\u%m'\\j "“N'Q [& R V\OJL
M, (@), (n72)

be an ded Ten, RO e w

T CR
Sith & V\D'\( /,B»L e "”\3
r’) \ee. n vone . e n SIT
) ’}[; (V")‘X (S o Yoy IAQA in R tﬂhbﬂ?\f&l_
X ek
AT
/\E’ l\/ N%"""Q’& \\ e proper
¢ (ot In MAX
nonoeh & e dusk
A~ My ,Jl@[l

No

tes Page 3



(Prim

Lecture 9 (03-09)

Noge: A ?rim& ded how o be Fro per.
( Cpr\\nu«)c diye r\'/\él s oo Wumu!)
ALLDJ D s not an ;V\J:?.ﬁ\’ﬁﬂ (L;Mam .

Ex. Lkt PR b pime, I,7CF  le ok in R
e ideal 1k rJC FJ Y-en T CP or ‘JC ,:r

Exergise)

Voo

B le meMar ® |« €m. Whb n e Sy chou 17
L gy (odernise lew ad m =K )
v L v e VO T Noo The R=7, w=22, a=)
“ Reall:  w ¢ VRO iff ¢y Fwoy n e mx(g).

Wk ondiCom o pd on a4 ER  so Bk F& is a4 wit?

U“ = R\VUR)
M€ Max(R )

Whak i W e T (V™" ed aeJ

f]é Max (R)

—
v

Ha o wkl Yy o If It ¢ OR), dh
l4 a c—»j EM(R) , Huw
\GV\J {-"afﬂ'jy'

_—?V

%" Lek R laq__ a comnu) Jvo.b"\/Q. \’llva . T\w_ Ta,(p‘p&ov\ md;CﬂL j(R>
i o R i< delined s

Jacobson (S %\ j('&\ - (\ M '

N)éMay(R\

Notes Page 4



Wl

\l\((@) C JU&) IT«:J( © IF Ak vn{(Powt, thep x€
: g
+ A ye My (R)

1IF o € Ny, floo qF =0 7ﬁ, <o —— -
> ¢ M ¥ Y wer
Mo . idods  ore Prine
> afF g ¥y
= 4 e ak).

Tn fud, N& ¢ e < 3R
Fes‘m(ﬂ B
— L 00y WL‘JU 7
Tn ,[Lde SR) s a edood el LJ (sbvast) e

Same_ a)raumwr

I+ |+ a s a Un€ does o € jCQ)?
No Toke R: A ) 1+ a =-1.

)

Woe©  a € T = Neer( 1 rat VRY)

—
Tees /H,\;g ConV & Se \f\bl& Now ()

— Ve

o € TR € \fré(i(\/kme\)(&\\

(':)\ bk & & TR) and v e R bt gh .
ra€ J LR sae TRY ¢ e idel

T, ra_ & »\3 qlv wvva e iges M-
%\-\-r&é‘fvj ,Q,,( vw:) A ol )

2 lkea it O umt -

Notes Page 5



(?\ I’x on €k
¢ P<sume

Bk v L & ik @mmj ceR
AesuMF\'ﬂh" gﬂ?ﬂﬂl; ’U\o& E]D € Wy ® ¢

. o ¢n.
o, y ey £ R
_ NSM/”L = | «Qw ome ek mé\‘ﬁ_
2 nT ltra e s e i =&
/(\M, for 6sS urv\\)ﬁ'ow was  weoceeek | Tn oher s,
o € " g.,( all v © MarLR).
//

)

frve o 9“\%"@" I(R) =0 ,J:w Wa 0 #R wrmm

g D{S\bmu ’ We (om\'wtk ~ fox.w\‘l'(f Q*(\MV\Q\{-

R~ 2 lxz ‘g
T = 0 i 0, 2 )
Tl oy R o= 3d, » 8

. A

hon, MR- So W F io\- (o

.
— (Prime ideal \,Qk N \OQ_ & Comm- vl Ao\ IJ TC R
Exercise solution)

be idely et peSpe (B sk
TMech od £ ¢p

We  doo Kok I C‘j.
@;{L. ok i€ T e arbit:
Sive T 4b, A leT b béﬂy l')eiﬂ < tr
> b ad teh

]C«,t’-‘ Qinu_ \ﬂ\g &m‘"‘l'

Notes Page 6



Lecture 10 (07-09)

07 September 2020 09:22 AM

From this point on, unless otherwise mentioned, we shall assume
rings to be commutative

R Cooider e nekod  mop iR — R/ x RIS Te s o)
B Wb b s oo, B (T, 0 mel hwe o ?(g,iv(\[»ﬁb-
\QUQ = (T, 6\ «For gome_ a €L
2 a ozl med T ¢ 4z o mdJ
2 - €T od o eg

(=g

| Yu)  Nott  Ahet diel g st

0= (- +a € T+
Lok b Ae %uwvé !

Let T,7T &R ideals . We Mj CI) D s o momal i/
T+7 = R

—

ho, 0L @R = KJTxR/T s ey M (T, D 5 e
[ pfSSurh/ﬁ ’H"j are /W’IW]

Ts Ahe Crverse,  frwe 7 That is, if fLJ 3 & e-max, ten s
PR — R/T x R]7 surjedive ?

l:+J"/‘. ( I'*j:fg

Moo, e (&, Ve RIT x pls e N\D(ij.
Fiy some pe-im. & €, Ler

(pw\'dv\. = bl &j c R

Then | L(?[r)= (\oé+0-8+ T, \oF+ojT3‘3

- (&’\+1) B|'+33= (0\—0\1-\ L b- 503*37
= (ouf L, bt CS)
- (5, D P

Notes Page 7



|2

52

I_g ‘-e fne ‘DV\E? _A—V\j. N'o\—q, M \L?JL LQ - I_ﬂj
Ths, 1-4 & t o1 = p.

—

b,  we s Bk «Fnr proper dd, 1,5 inR

R/jc\y b R/T x f\/j/ sWdh & an iSon—\o‘(‘ol’v&-SM

T\ﬁ\ / A PM" (33)53 1S Com M-
R '

O\DMP/N“tO"I L I]C (I).TB s Comayipeld Jd\u\ TJ = £0J
(3 (S WA % N
= (2> L:;X& ¢ TOS. Lx{ =\
G = al+ (JL\'!
i n
L35S

Exmg\f)i Loy M () amd T ¢ bt a  proper ideal
_I‘U‘) n3 L—S:) V‘ﬁ} XS (‘PM“F({V‘QL ﬁ

(? /H@mueﬁ, Mic il ok work F ey proper ided
\< Cﬂv\k( NV\(& N (\S 3
b

T meam Bk Moy (O = 3 "313

G .
S‘U&\ (. R §S CAM local.
C No\—nﬁo"\ : (K , b\j) ’\a

A /LoC.oJl V\/é Olou not  tonkoun  a Fafur D\V tom oo ol idealr.
/lL T, v ae [MQ ,-&U,D,,) /H&m t, T ¢ yj A /HM/ I+7 Sﬂ %Q-
Con\luS&“rS) ~ Nnon —ko(_al, rwa oﬂm a.laA MNM o Coli'mal. Pair.
(hoote  dwo  dickinck  moninal  idealo \
N)] Uy %M/'\-‘jb S M, s K.

Gl mn 7. Wen it mZ mmamdl, prime  or méblcd?

Ween 1 (m T, A omumol )

Notes Page 8



Do Re  wme b K[

3 1,)...):\\_“?@. Whak .  We &,\3 QSDQ.JT
§: R — R/I x %R/In ¢
(>D§’r€//\ clled A ‘Aw%om} MﬂF”
n
(Nobe Ak bor 0- .’Q,ILB

)\19‘('&1:1)” : QZ = (D)--') 0, T)S)---) o)

Y o v ood, Fajer StopE) =6

@_, S\L(?DSQ_ I, an ) (% T. oot tomant [ vial -
3=

Notes Page 9



|

Lecture 11 (08-09)

08 September 2020 10:29 AM

]Qe_(,w\k e 'F"\\om(na i

n

«Suﬂ)ﬂ& T, and n I_j are wximal . Ts CIU I_\'\ M ‘VJ.ZZ?
Q:,'L

Ye. et 2 é\'j < n. “rea

R o= 1, + ﬂiJ ¢ T+ I ¢r

> Ty T. =R she v\ @)I K mx-
’ d 2 (e hod wsemd T SR)

T daar it (T 3 i -mox, e o s (L, ©
AL o ideb ¥ 27
’FD( \NWQ Ph;ab Some as  olawe-

hvw) EG L"R — R/I,)(--- X R/In i< onb,

a\u\ ’Kh’ oll oL#k, I 35 p7 ¢ Como -
Iﬂ Dla"er WOFflb . 1\) - —L\ o Fai"“".se, ComnOAL.

1s converse tme ¢ Tud s, it I, I SR e tomam,
Is "0 oﬂh?,

Kuﬁaﬂ We M seen n Yhe IM‘C lesg Hak i (I, j) K Comay,

h the inohced N
“ mm( ¢ R/@jaﬂ S R/{1 X ‘Q/J’ is  on io.

MW e Al Lamﬂut’m-

o e resuld o Aue m <. Indm P)
&Nﬂm “BM: n=2 done. -rvr Lj

x T, 0 T W poLrwise com acy ol .

n
C,/gum; I, ond ﬂ -I) e omaximod-
\):7.

Notes Page 10



'ASSUJVH- D{N'm %7" now -
'n\en) q}’: R — R /_I:l X R / G(jzl_‘l e D(\‘I‘D (ﬁj n= 2)
% MﬂLLUtOVL ) R/(’i IJ = R/IQ. XX R/_—Ln . (MJ ’ﬂL 1o %M>

Morﬂovw/ ’)‘t\u [So  waa ,'ndm_d % l]o
(a4 /)IJ) — (o\* T, -, arTh).

Uﬁ'yg %/ We %@b Aol
R — R/I, X R/(OIJ> —> R/I, x-x R/In

fS OV\‘YI‘D-

Oy T,
> (3, 05) # i =
y-2
Thos,  we  howe prved e Chie  Remaindon Treorom.

“Km' (Chinese Remainder Theorem)
Le/t R Le o Won-zexD Lommukah.xle ﬁ'/\(‘d-
lek T, --» Ta SR be ra;rw{so. Comoanimad  idenls

Then,
R~ ~ R oxey R/

Notes Page 11




R ~ .
40'“01:\ R'/Ic > X R/In

Na’f& ’H.ul we G-D\bo P\’D\IEA : -
© The  natural P R — I R/_I:J s oulo.
@ 1\ O - (\ I\ﬂ = 1\ T In,

Ex- Weide o oyt LDO" of D (RT ~— Pssignwent e e ( on
v Fw}; b [ _ a'\/\e 5 due %D' Claa

Tl“e Sddement T“‘“AAQJ '

_PW.MC_ IJ@"A ) Hom do - #nﬂl fn'me ideals 7
How b araw\ ‘g'«o‘ Trime bd  pit  poxiondl 7

Peﬁted@ (oMM

Ne bl pheqred (9.
What ok (D7

bt A= ()F ad B= w(R),

Clain, A <8

Proft We  %how RS c At
bt g ERW(R. We gow Habt a g ,{Lr Some p € Spec () -
Tdea  in 3%@,01: Toke  some  collection o}) proper d eple

e o mose
Sl’WL,) H. s ?ﬂ‘mq_.

Cova.‘Abx Hhe  collection
Az FTTSR T 1 i o idul, 243

A?Qg Y N e A A ¢ N rw,jc L, <.

Notes Page 12



G\‘wen & Jan {Lﬂlu'g x, Aoke. 1= Ul
T G_A—/ J.Lw‘)scr] Qj Zorn, QMMI'M”J I:le-/]_

Clam: B Is prime .
ot ~+o

Let- b ce R ot b%#aﬂo\ c ééf‘ <glum, ke 75[7

% Mam’mﬂl‘(ﬁ Ok }1 o A, we  gf
Ft < ¢ A¢)7+¢c7-

[hus, aebrs ad  achy &7
= = b = C ¢
4= ?’ * Fz ARPE ) Prsfe lﬂs ‘l’h\’leﬁ
Q- ’\3 -+ (‘\(l\,(,

be Ep & a"eb

(‘—D Now oo\,\«k7

peﬂ, we  ded bt we He %MM \oowOF
0% ] %Af(@-

//0- éb QUV\J‘\.Y\M"“

Notes Page 13



Lecture 12 (10-09)

Cranas e pen gk
Cosiden  Ahe /iouwtoE e
e 1
AN#F¢ siw IRIeAd A& pust by
Guwen & Jun  1Lhes  dke 1= UIp

I "\I/GA/JMJ\%]- By Zorn, Jwopinal R E A
e

Claim: b s Fn‘me/.

wot  +»
lee L ce R st b?‘?# ad < féf Show ke 4{7
% mam’mﬂh’ﬁ Ok }1 in A, we 3&'

Fx <ty ¢ AP pr o

Tm) a“€[>1<b> ond "S\GFT . WQ‘“ iij“;w
= ‘L“" ?l £ N b')am: Fz r0, r“PL é"ﬂ’ 'rhrleﬁ
agm
R = ‘)—r (¢, be
M
be ep = o e
—~ ‘ !
O G B B
T, bC g b
Mene, P x pime wd 2 ¢ b f
’\\\%) we  \nowe Prwel\-

T
I

lh, |.ek R b& 0 npn - 20 Commu}cat'va r;/\a,, hen,

Notes Page 14



AR = (e

Pe S‘Juﬁ’\)

lek To & be o peoper doal . Then,

-0t
beSpu®)
Tck
0, €l Kv o
O Revie eodic Aeocon 0 e A
—

Nr\'ok\.ow . Ewk in ided T CR,
V(I = {Ves\)&_@o : Ia\;i_

Prime Avoidance

L)}

[& Let A) A, - AL be  sek. T‘t A ‘CUA‘L) st
" e
& M A AL C e L,?
g R g
e & h= $00], Aedoy A, A
Ts e doge Hrwe ] o A wd pog e 1del
Som e (‘*’"""‘) \""‘a R2
Ch\ nO\n(\,
: ?Ind 0 Counxﬂref)((uﬂ])le-

’How@/VU) /H\Q .SM U'\(’/\k 16 ’IT\;LL ‘l"b‘( ?\’imh \dUJA

Notes Page 15

N



~

\h (Prime Avoidance) L({k I C P, v - U?n «(Zvr h. 6%2( (,R)

T, T c P Ao swe

(?g%. Nole Arak L g e éﬂf‘er“i [G“" -'L PI,P'; é gf““”)
We Pove Ny % in dwcli on.

/ h=17: ‘)gm ¢ F& ) >,2%

J

We  c¢how T ¢FU|) UIJ

f QG\SQIBWQO\

\‘Mi%ﬁ Hhok 0= a4y tagoe, + Raq €t bt wf i
\\/\6 Onion,

adcxx\\ WONT  ece . (00 ot leosh, ve dock s b+ swold)
/I\Aa pink 1 Ahey vt ) vt ue A E\Aﬁ il

%

Tk i, T4 0h,, d
(in Ao & on)

\

COU'\\"( E”MM;Q\Q, £o( v\nn-?dme tdeals-

ke dhe g R EOoyd ol he wded T=GgrCR.
<X;XV/7>

T- { 0, ’);, —>-// X -I'gj < s s opb 'P»mufml
(C/\ak manu'{b)
buk T < SRV g7 ULy Y < \{> od mb oned m\a

\Y\tl\‘ | &ml me. &

Notes Page 16



bk T Y7 0LT7 UCT4T) od wb sdend ony
'w\tl\litﬂwl "N &

Notes Page 17



Lecture 13 (14-09)

14 September 2020 09:35 AM

(Prime avoidance)
lr TR be onifeed  ad by, p €S-
’lk T c Ubt , Ahen T Ch .Fﬂ s V€16

n=( \\\DK‘;,S.
n=7. Sowok ast We  ac I\h %4, ¢ ™\
T, ata, € T
B a+a, ¢ b, v, —se

n7 1. Bj in Au&ow . QUWGQ V\:‘l’.
Wwe  know T 4 U \3‘L ,[; each \‘) Ljin‘u(-

i1k
Ciwce e € T\ “\) b,
e
SRR IR TN N
Y3 NN Jj:'Hg P(fma-
N

[w L € T be. &e&n&) ar

T be I\ Op. -

Notes Page 18



Pm{-

Posom

————

lMDre jenel' d f:n'me owou'plan u\ In ‘re\e o‘),,w'z kd‘.»uli\m, we

can ssume t wo ore  nof V\ebe.ssa:ig Prima.

R
[A nz 2
lk Ty ToeR be dod st To €S O for 123
lk T < R ke an iJeuiqsul’\ Hred—

T < 0T

iy

T, Te Is ﬁ,, Some 1£0¢ 0.
A r=2, we ko \:j parker.
Assome Arue »er n~\ K—w Sove >3
R PO in A Kanrtm
K -(“"“)m T £7; ,F,( oma l¢len LY T < ‘C_)Ii.

83 i dacton, T 4 ig I ,l:,, any ek €n

TSk wdh he o st
2 Qe whih  ont ?U;S.LL")
y\o* Yﬂ‘m&

N’owl \g,e 1,,

/\‘\M, we wmd chonse. a, € T\ .i)uz‘ '(i, eodh k=l n
i

’W\W, o, € T {Zr each \ ¢ ken

DQ,FI\L & = Q\ Q,_“‘Qr\-\ + Qn

- - A~V
e, ., Tan e \(Fio-vmma)
1 )

T doe ot \odwa o L osiae T, i pyame,
pYereas eadh —c(\dw( 9/ TA

TL\UA 1N ¢ -QI(, , (nv\*\'ra_(lx(i;?on \

)

Notes Page 19



Lecture 14 (15-09)

15 September 2020 10:32 AM

Localisation ©  (eoke “moe | wiks

EJ:DR" /L[/’L] - Hna (pn\'(li/\iﬂj T o o Sujon'na

]

j mo. omez kemmoﬂSQZ
2(7’-

Obered Bk 2 & & wit in &

Note: 7] geR  beeomes a wit, s Jdo & ’FV’ al NG N.
Mo, i e €UMO, KHam o, e D
(‘,Me:(sd,.], it a b €U0 | Pen s G OR)

Eﬂl_ﬂra.a) Take R = Zjoz. Whet  happens 1} we imerk ¢?
Tren, 2:2=0 =» 9 _0. 2 \eour O.

loks ke e 1 e beone  Z[LZ.
(Moven' £ ek o\dﬁ'nu\ dod ek Nws)

® - 2. Wk it owe it . hon- ¢ e\eme:\‘(i-?
L’rx(’co% : ®\

(1 fr s b e Mol Ao {4 Budie § D

® R= 7. Int 2
EXTM‘ 7[[‘/’11

@ R = -.7Z 1{\(1{& w\\g&wu ?035(\olq.

( Towert Z\2 W—\
Tsek  txchion

Notes Page 20



Expeck - 91

m
n
Lﬂ cadA

When (nwv\mth"\g f\d.n\ 0(2 gru(,g, e  Lere
il et T b w e R (R

o R PCR, we Cinet dumeds W P b gk o Ry
(N'R somdcmes)
Mow & v do ds? Tdew @ fow 2)
L Whk  fopdis mot hove)

A sk ACR s olld rdbilicdidly dmed sk (mes) if
O Yo, beph: o vYEA

® \e R

® ofh

qu\ on mce AcCR , we Cru\)ﬂ. 0. Nhew vin3 Rp oA %Uousz
D Tk pe s R xA-
2) D&F'\C [ Tdot;:on on R x A o
(m, a) ~ (%, az) ik Jach st o(n0. - La)=0.
VU’ \ rrj thok the IS On UVM y QA(_‘\& W«\/"h on. (Ex. 1)

2) The equi walence  Aows 0& (a, a) lenoked \sa T -

5 R o= i x . Q.,oQéR%hT].

(|

~

Notes Page 21



Q\WSHOM P 'S @ When i n -—‘j—? @ Waee -JL//O —>
When e & FU(RD7?
&) Ddﬁw. Y owd - wm R
x + N - Wo+ uon A - .
—aetyh o oy -y

\Ier;b‘x Yok fnese orz(nﬁm we  well- Msd W Kod Ro s

(Ex.2) den & y(/\(ﬁ\.
o
S.\\.’('ms-
(Ex 1) Sow ek v i an e relkion
S Pllove  aek  gymm. % hor.
- (&=X) (Some &
Toskity Lk @) (o) b (2,00~ Oy, )
’M) Y, a'eh sk al%, 0, - 200 =°
_}?\“ o L‘Lm% "'130@ =0 %
%5 G
3
10 (006 - 2, aol o0y =0

L poda 0y = 20, (o) =2
a0

Lios OROe = Ay o o 00 =0

~— _
Eh, S ki oon Mm-S

@0 ~ (%, @) 0 Qo

@2 Tkt wON-dedgned

bex L. 2 wmd kb Y
o a! b

r . . S

Notes Page 22



- — - ~ J err
o a
It &§[% ‘\ Slowd M’ Xh ya - AR ga'. W Kok '\’&l drm\u maJ(JJ
ab A b Sente lplm_l&- odoe;\

a(xa' - 20) =0
. + | Iy /® \
Observe: = = L o b - 1=, /)‘\Sv, VIV S .
. Q' 0\\9 &1\, ) a‘? a’b
% 0y
Jacp: o (z0'- 2'W) =0 2 Foar alEDd @i (»'D (D) =0 €
O : }0" En OH( Ab ab - 7()\’ “b) =0 X0, 3
®f P, Ehx- o, ( \Jmu' b - ‘A‘A ab) =0 X0 O\M

Q,0, { (b + ‘job(a‘\o\ (b j'a\\ (ab)k =

A
€En

= 'J(-\?‘\‘j!k - a'b+ n'a _

abo a\'lo

o, - | S, e
) "%—L O0n %b» a—

al b’
xbryx o Zb o+ jo\' - b 4 §|"‘l
aL Qb a b

-~

we  aleNl )(m'rj a\bw\ Grd Cwog vle n\ » K

va, we. pove 5wl A{&JMA :
Ll - 4l [ R v \JL
%: 7_:; M& %I: ~ ][Lv.,
L

%Oh ER: C\\('Ko»'-— (L’L')’/O

Notes Page 23



o, ( é.l;‘) (3\3 - (&'ﬂ') (lj ) =0
v

Wy (D - (DI P 3y
ﬁb )

rm““'k‘b‘
/“\ak LT oo ™ “H\a [ M\\:S qe,;f‘-q} %\W:S J&z ppu)c /Y\o&

R wa o ke vipy.

Notes Page 24



&2

dese&) @\r\u d-q_ =0 ‘va

Lecture 15 (17-09)

17 September 2020 11:32 AM
@ Whea ¢ L _ O g %,l
o

Some X € A

C} 0 - b Va ep.
[

N
® 1w -1 vxeh, Yaoc
| o
g

We  hae o ngxcf{\}on ¢: R~

S

1

To i o rin& kﬁh\nﬂu‘?k&m 7 Y, et ox ot 0\Q¥

'0% t oad .

I.E’,% JCRQ ke on AML pr ie \j’r&\a}&el b I:LP;(J)?

Nik:  zer if =

B (D = i_’%eﬁk: oLeI%

(i) - <1\ :«xe1> c 3

[ANE

DT
\,/VM
ld = ¢35 ey, g - B X €T
. g IR \
2 % e Q')
[\
pd

Notes Page 25



©

(Extens

uk

e F

= % - .\ ¢ 1.;%57
o O \

The  wlowe ded  © dem led \oa TR = Q7 ¢k,
Cmclusiow I& 1T = KQA\\('S), ‘“‘en J - IRP-

D&%.n(, T—A = x ¢ Ra : 9(.-(—}1]] C Rn.
| & Cn

We hoe  ghwon T, - TIRa.

GWO\'- U{K — ¢ [ & r\'ns) T cR m iaQﬂ!/ then

on ideal) TS:= L 9(¥)) cs.
ISY oy ideol o R s ]gni onercked,  we 8
'S 6 Nodc\n%rtan *J(AX 3 (a

(Noetherian ring)

IX' u(ra ioed ol‘ Row \)ﬁnc;'?ao.) W oA R & o \;n'no(gaq

ided i (eR)

et R ke Nefleisn, TCR an idesl
Pﬂ"e— or ékswrw( : RA s Neeﬁ\eﬁan- These e
us mmj

efwnxklo.
(Hilbert Basis Theorem) I’R— R % NDQH\UiM, Yhen  so s R('X«]

I]L R iS Noeﬂ\ui(m &no‘ ACR i an WS, IS
RA NDQH\MW\?

How are  ides v Rp rlded & idede w RY

Notes Page 26



<>

MO(Q !I)reCiSQ(a.‘ 8%0 wn  ideol TCR,, 7 ickel TCR s+ T:=IRY
YQ. Takm 1= (ﬂ\-l (:ﬂ

asm ,d@j;‘j —— {i&uh in Q,?]
in R —

?D Ci&

A Wha s In = O I,=0 @ \¥xeT(Faeh(ax=o)
b \/\Nw\ 1514\:%3 IA:RP{@LGIA@IOA#—}b

!

dzer, aeh se Loz
| o

Whi ool S (Rh) oed May (&7

Notes Page 27



|

Lecture 16 (21-09)

21 September 2020 09:27 AM

g"mﬂ tnww\(p\u u.k M-S

® lej( & € K\J\/Lﬁ\ “Ten P\=§,\»"v‘f,--~‘j s o mes-
T s o, R Vs deqoked lod Ra. No i hoe

aﬂ\

L e R, meﬁ\)iﬂ}.

® L& P € Spec (&) Then, A= K\\? is o mCS
R v deded  Rp
L)’R |auks€) ,,k JE
C’([\-\g s ok o ke o foud vl'“a.

NO"'C.' Zg_ s Z[yqj = SLm/Zné Q : neNu{o’lf.
Ly = 3_”’/,\ cQ : 240’7

R\mu and MMWA UeAs in RA.

. ]/\“\ou\’ on  we sod oot PA?

Ont = No, e dop' e%?e;k e h ke b E-g. z—Q
(’*=z\{o“>

OY\C— one ¢ An Z(@) = ¢ = K S ne-one
f\,oo]t— C)MW?

—

Su.‘;Pogl ‘QA ‘s ot I T\i\ml 3)( éK\floﬂl s-&- ‘PA(-D=0-

| \\
x o

Notes Page 28



A

T * ' Y -

—_

\

n
Il
x 0
T T

=  JYae A st ax =o-
> ol fnz(® = aAnz(R) :’575

(\o"“’m(.kj, L(— Aﬂz(&) :f.é , Hen pﬁ s not 1.

\\

1 3 Wep‘f‘l(a wd 9 F6 be (A at= O
> W= = 0

?LQ# NS IH.
/][WD/ Yh E  one-pe & An Z(eo = (ﬁ

Lt A =R\2(R). Then A & an mes opd Ro s
ced e Jv‘(—ml vi.a ok MQV\JO o% R ((&MM 0(?:)\)-

’ d\u‘u\h (,% ‘l\ 7/(‘{) \gv.wmq, on‘.\g odec O,
ooy 4 2O

led T €Spc(R)? Wk G e s ot Ra' () =17

TE%CR.
MurLOVU\, I;\ = TLRA = |

MSD, 1(\ A= ?5 ) (O{’(«\wwl.st v - RA )
L’ Lnkradics Qﬂ‘mﬂma

[m&'&v\. Ane co(leotb"
TR heSe(® wh poa-=ph
We  shoued Hoks S\%CC Ra) (//

js Ahis 4o revege 'EYUL? Thok s, iF h ég‘o{((g), rﬂ;,\ %
Lpnk=¢ B, (fou,(ﬂA)?

Notes Page 29



CR RS
P ¢ R
lek L3 i elp be sk %QYA’.
> Ao
/[[\u.) 202 ;_Z2 (Q\y Soma_ Z é(jl CEA-
2 Y EA \L(xjc,- 2ob) =0
2 ‘k“'jﬁ = (W €D
bk weEp T oep
9 qech o yEP
> _7((;-\ e(jA or _g__ EFD 9
b
Ton By € Spe RD

SY)«,LRA\ — i‘le«sru_(f{\ : Vﬂ P(:(p:f

Notes Page 30



Uiy

ok

Lecture 17 (22-09)

22 September 2020 10:29 AM

25 ’U( \{h eg\u. (,@A ond L Q’QA’ ‘\3“2!\ x° é?

1& X\\L o}owa JO'M. '\& we Ao no\' assume bk s \:-(ime.
(-?NQ\_ "ok R’/ll I\ 'Z\Svo\, b._ (17) o« =3

o~ |

\\%‘«ro\ﬁal we ?mba NS (Mro‘?on&enu. ‘ot\“u,n
Pec (RN and 1 be Sru ® - Rn ﬁ‘lﬂ‘
T, «— %
%, — gy (W)

“We Wew MNax (Rp) ¢ Qf*uﬁh)-

Whidn  SudoseX d§ RS om—c,sgow&s o Moy (ROQ_

e A= 5Tc R T 6 o ded  and 10;\:}01).
/“\b M A “‘0\ demm}é 0.‘; /\_ e Y one - one C:ﬂtbs‘am&wc
o meied deods % Ry

fﬁhk I € A b mmli.mox. \4\\( Wonk ‘)w\l( . ’L\QMM(QD.

LeX T, 3 %Rh W ook poie Ta= T
%UJ‘IACJ
s L @ R A Tocwn
Moeover, K0 A Fp e T #Re
» T = \L; ly,d mom;\mak*‘g (v
Tos, T= 9% (D).
= Ip( = (LPA—’(J»A = J. I

Notes Page 31

oo

K 0N\

k)



n

() Lt T€Max @A W din Mok Q@ s a moximd b A

bk wde At D o - ¢ s [gf9) T -

LQ,’C 1= LPA'\ (- ]\ “W’h ! € 'A' ’
N b6 L€ A, TcTo (Bod b opee T:1)

OOSUVL: Ih = J
anu. 1 C:L', we fave :)—: Ta C 1; .
Ilé A 3 I;\ + R
I
B) May (M- (\ Joowe gk J= I,
> e ()= ¢ (D=1

ﬂ“w T= 1‘1 ?(ow\a mq')umolkj(a o% T in _A.

/

Alm% w'\X‘" our QN\W o\*ﬂ‘f‘!ojﬁ(ov\ ,Q—« &Tu, (™ & (& VW'*
’K\L (ovces ?on&mw Sinle wm?ogkor\ n \;u\?n o\ifedn.ow) s '(A.

Lb\ \3‘5 S?ec (R) The P(" K\P o Mm-S

Moreovy, A & dowe i i Tc Rt T¢C \;B
pe A T, e () - AP
T\"“o, Bos Ry ic loed vy

Fod  Mac(R)  when A= P\\(\l\u-.-\)\ﬂ, b €Specd.

Notes Page 32



Lecture 18 (24-09)

24 September 2020 11:24 AM

Ut\'\“‘ ¢\ (\)ro?c(k) 08 [om\is@hov)

(Rn, L()A: R— @A TS \704\' sudn  thak R & &rila>
6 5w r'm(r) 0 and qk(m c'\)(ﬁa\_

Lok (S; ‘Q;?\-as be o poir suh Mot S o o .
R ois o ving wog ad (™ c vl

onrHg

/(\N") K 'V'&cb‘g S(\Arvuf)\n Qp, vio ‘PA/] e,

R —‘L>45 N gy —> & sk
N Pty - ¢
0
Toodis o, %(%) = ¢ [e@T
N ke e

Ty # M s il o\.,%ma.

g“‘ga(e (é, L’(?V\_’\;\‘) s o ‘mir sk R K & ving

[ R N ¢ V)

R)r“«umor ¢, agume ok (R-, Q) atso &oksJﬁ'eo @, e GJQ//\
Y
‘ 9., .
5, © » w 0O ug.)spm a %\’/ % .
umc\l\lu,\*ej R
Ve wald e b oplam Ry R
_ Vg @ 28 £

, R i .
P ) @ (1) ¢ VR, G (R cUR),

Notes Page 33



\<S

(left

LQ/7 G\, )Y ®(M c 'V(’E\, (A CUR),

R — we k9 k¥ as sheon

Un
i\\a./
¢ g 2 Bt B ourg les Compmuke ound )‘W,
) / | % )
Op

R ——— @\ (Q/ /@
~ |« R 79\ s,
N R Q\\ él

-

’Lm, \f' o(f; s o~ Uﬁk - Yowtuen
dg o Ao b o« I
BJ oriquentss,  idz = Yo\

Sl'mi(o/(y i&h: ¢, 0 e, . T\/\ii v ot (P,&(pl

are S omo(PL\ﬁsm&-

\V\O(\U\QS over 0. ving (‘ﬁ,s;\,,a non- goamuk aki€)

(Wt soon we'll a»v Yo Lomm:

T W) o “Space outr R ? \l€$
e M (D« V-ipace  oven 77 W, g 6wt - %QU Wk
MDD ok ‘%w ol Ahe  wotioms
q"g oo (mo&'ln L wt L"\"‘%
N %u&-\
Ve say dek Mo (D) i a mobde ove 7

j C’[Lﬂn o \rin(r) R, on R'mo\ule- M i an debian avw{)

andon + wivh (8 ) scalon muu'( FU Co\hpﬂ " LR XM— M

Notes Page 34



v}- | L w -"a LA W VY W v > "

(left

WA Wy ‘v‘hr

10N, 12, S SR & sclen b le cadion Y xM—> M

modules) S ok S(ﬁd' ’\6

QL

X’QD 1\{“ = Ih — dek{ae_ Mo dwo ik M& dhow ’VAUJ t:rc‘h

O (a4Dx = an +bx

® (D = of{bx) g,f,( o 1,\3€ M, aLER
® ('u:)) = Gdtay

@ 1-x =

R, w0, R0, RIxD F Q) (nth)

1*\ ‘Lﬂk. i‘, S is  Qn R_Aﬁ ro Vit (Q'. R—S, Aen
s i on R - moMQ viaR ¢, e g;o( reR, SES, A(%‘,.L
- = &Q(r\ <.

W o pddu wer o Gl W7 ovee 7
Vex'\%j ;& ’\f\e. u.bwl Yro‘autb‘g ko\a

O O x=°

® 0-0=0

6 & x ==

O ar =0 2 4=0 o 2 =0.

\/\\rik‘\,\:) f\ssif\}“m\’ (O[ut 9: %0 AM, oorv\n'z\j Sk o (lc:j)

® (1(\37»\‘— In 0 0p —

Notes Page 35



Lecture 19 (28-09)

28 September 2020 09:26 AM

Cxumpler o mdds R, i, R, ROA, Fae (a#p)

)

0, Rek : w\dﬁ?\iﬂﬁw wo o (ﬁ) ey ) = LN.,..,, Ck’r\)-
R&)n 1< anan I3 Y-'ra. Te odoove (o be SCen ao

Ao Pro&.,u_)r (a,- -, 0\3{ iy n\) A R®‘

® MR [,} n‘ [ ] [ )[rg r:)

) Rlx) : & (bogans e Gar) = (& *ome- xo) oot ta)
® [ galon

© Ha,R) - s e b Ve g i e et
T, Aoy ane ol a&wna R—a\QL‘onx

O ¢ = g av> (o, -y 0)

@ R __;M,.(ﬁ)’ A l/‘( x

B & &1 o
L st fota/ fo erico

@ QA vV [a— &j
( iR

(\)u.’la Yol Hee  an v dead )u&a lewwfﬂ;sm.>

k Kk L ﬁ,u. hat ot Tk moden?
gedse‘a k- vecor & PALeA-

sy R=7. whad R- modules 7

Notes Page 36



2

?fﬂcﬁst Woels o ww(JA-
R— Mol)\y\{ {s Q\,LQ;.M\(B :X(“,f 16 d%u,{ \,j o\z&“.
G"‘W“)a, leX G{ e  an  pkelion CG..«M.P . D:,b\'/\a. scalcn moll -
2¥Xqg =26 e

R+ ... 4+~ nNSo
Y, = (_/\E—/
0 n=°
. B
(-oy -+l n <o
\/-/"’
-N

/W\\’S &e%w,; a1 modile  shuwdwe  on G.
1, —Fu&, Al e ov’& oy Ao o\elsine a7 -mopmle
Sjmxckw\l- on E\

/UTM, A we Saa dooll  molles U e fou . vedhr Spates
wd  dockiom T"\»Y's (Cn\-u?r ced ou?\svvprﬂo’cda)

lz,{ R- lk()(x) V & Vedhr Spule  our %, Ty Vo obe ||'nw‘
Thoa, Vs o Rmedde \j,uaus Lk wev

How S\\ov‘.A we Aa ne Xu7
’ﬁ\iﬂa& we  wok X-futd) = Xu + Xy w v eV
X- (mu) = Q(p‘).u\: (MQ-U\ = O ()(u\ nc K““‘m
{, NE . i cmabom V=V
ﬂ‘*’; “W\lk‘i*ukoh loa X aavw o [ineow ’hﬂw\o% b~ V-V
Debe ~ Xw = 70D,
1., Sg,,.exa!’ 'For Pék[)“\) A Ae%'/w-

puws= pl) u

EVP\«‘u’%\J: (G,Ml Xt BaX) cu = o O TV gt an Te

(J.u\-w RRS is A Yspaw

Notes Page 37



(cyclic)

(finitely

generated)

(simple)

(decomposable

Vui Y8 Vi« a M'l\fmocue. Thes i calted be  module
gljrudflh’l on V UAE,N T

Note Aok 1l 0(«[“] ane P 10s. /l[w,, ovae)\b'\umtlm&
ND&AAEA o PID ,\-{)L, w> a’w\,& odo& a(vuwa m(’ v ovO\T-

—_—

A M Y o Rowmdde wd NOM The N i a0
R- sdemodule ok M

™ Dew,

© %4 EN =< a+y eN,  and

© aer, 1en P angN,

(submodule)

@ Le)c 2E M . ’ﬁ\e S(JDMDMQ %enm\’wa \,a A S

<7L> = SLowL= ae RY = Ra.
G"""" Xy .., Ln EM, <7\\).--, In\7 = {C\\"l\""“*o\n’ln \ 0 € R"&

A € ('X\,..., Ln Y @ 3(&.,_..,&.{) e\'-zn gt j:qm‘.\..--\o\.\in.

Given a  whid S M,

<S> = i‘x EM - AV\EN, [p.\),..)a,\')eﬁh, ‘M,...,XAG%

P°L = O At X anUAn

M uacblc \* A eM gt M= (1.
\\}\ i %Mk)a 6%“(7&{) '\S‘. 31\(—:&] , 3 Ny .M €M s b M= (7“) --’)1>.
£7 O (r?o*’ {S\
M7 5‘“""1 ‘} fhe on‘a Sulymodudes v*) Maw 0 and M. \simple
Moo &e CQMTOS#L(@_ \{ 3S'M,>MOM M M S k- Mo M, Mﬂk
M= M, ®M“’ : (M is, N=M1+NL, M MM, :O)

Notes Page 38



M 18 ‘m&e Com Fos a!.\c Oﬂun»;se- (indecomposable)

Wht  one K-Sulomohdes ﬂk\;? MG tbmedles o,V (o0 7!
Whak e Z - sl e 9% &n ndoe,hau\ 0«‘%(3 G[?
M o Su’omoMu % " W'G R')

M an S‘”\?&.d, t R=2C i« o ri , Hen M s an
H’ u e \(I r\% ma.? 2 medde.
(vin ©

Notes Page 39



\& 1o

Lecture 20 (29-09)

29 September 2020 10:21 AM

I{' M & an S—M‘D&_‘Je. t R=2C i« o rui , Hen W s an
¢ "?) "“‘? R— modLhe -
(vin €

We wod & ern&,'an Rx M —> M.
We ﬂlruulj have SAm — M and LQ:R-»S.T\;;a;m

RxmM -----

- M
Pxiﬁgx ,D/
CxM

\I s« k—\lec}l’r gPam s /\ V—\ s \(Aeur.
Vv i a “([X_S— moue Jion T
v

R

Wht  one ks R- Sv’ovno(’.»lu_?

. /\‘\uo_ e \ma‘sc(J ‘“\e_ T_imlo.rl'o.y\’t .Su’osFa(eA o% V

A su&os‘,u(g Wey 8 T-iwouionk PoTw CW, \‘.e-,>
YweW: T eW
W i dosqp‘ ondtn e ocon B\f T

(D"& A“e&fo"‘) I-E\? W be o \-inv. SULS\{maL 06 V. We show
‘\L\\ox \/\J 'S on R-Su)omao\ulb o\) V

@ 0 e W & 4w e caun W ok su!o;f:aa
@ \}\X,\’E W( W+ vV € \'\D s Ane \becomse W « a LL\LS'MU-
@T_-_S"Vfél)’\fﬂ, wewW (pu € W)

Lt p ekl and wew be arblon.

We: Ye P G +ar + o Y an" nzo, a; &k

Notes Page 40



Ther  pus(GetaT et @YW
Ahinc o" e al Ahe 4'1)«11&\, P\Fdﬂ s mulklf \03 oo.a

= et o T o+ g TW £ W

7

ench 0&1-’(1(‘0 ew Lj

‘\vNOf‘.M @

lea, we L\M-. Shoun 41\0& EF W i T \'n\/M?llA'l', e f-(ﬂ
in\lofio-v\“’~

/”UU. W & an R- Su‘-wa,,lp_ a\ Vo [ve ).

/

or SW\F‘J-’ W i 5“).,"\0&.,.\0 % \ (via T) .

(O‘\f‘&“ O[Qre(k'w\ 'L(: W (¢ on R-s“Lmo&,.\g Blv V/ *\1\9_,\ w is  on
T-imn. Su)as‘:dce o% V-

(AJK\'V\MG ASSIGNMENT, 'ERE TRURSDAY N30 |

I—

\,J\nox Ao& ik mean o 503 \I s a:wm‘;osodo\c oL @ \\L[X’X'Su\mﬁlﬂ‘l-

Nl Aot \ = WO w, Sm]g e 4‘4“003;'6'-
GNU\ mj boges B, ad %, p[) W, ad W, we hwe
Ahak BUB e a lay dq V

Fﬂr &e com[)t?So«\o\\ﬁ\‘A VY k(;ﬂ MOMQ) W, w, have Lo b Talw

Wk iV e a a K medde 7
Whea NV he o T SUF AU AR \
mﬂ’)""‘""l
u' T he an ool MA dim V22 Ahen «m L\M:\.-/i:\: CtAssVACE.

(HWQI Wo’( \ﬂf .r,‘mT{Q l
¢ aion 38 T

—

N

ﬁ\ Inl/ h[fkk In - QAn,.h h.'- /“ an /o

Notes Page 41



s

(quotient)

>

Olee  NaM ke an Bosbmdde. Then, M/ s an
R- modde wh  scalan mulk;?l&c.‘i'&on
a- L = T

(\lmk\ﬂ L TSI | le&{,\d\)

Dl Fmbda Wb n ke g,
'S & R- modude komomof?k{sm (or on R-\ieor MA-@ \{’
Ya eRr Vw)\j(«,M, ‘- P( an +D = ag(m) + Gy

(module homomorphism or R linear map)

[:4; T M= MN 8\'«,\ by A — R R - Weeor.

o Given  Rlawr M — M wd alaedde N, oM, Non,
jak MA OUASWLA W‘EDM Aoouk \(7 (N.\ N\A L(‘ (o).
Ve Hhic b wnowde  Rot e cdomodden of M

are o\ @mpom&wm, with A cmodlen o% M oo./himi'a
N .

lk  V be o & -vedlor ¢
Whek i€ V/W?

\Dmu. (MA leX \;\)CV ‘-.w. & ngLstcc-

. l(’/’k HDN\‘L (M, ) R {\Q M—nN \ Le i< Q—l\'v\qul'

/ﬂue/\/ \’\OMB (M’ I\I) K3 an R- mm Undu—- Pol‘n" - LKe OVH’D'L'DV\L.
(not rimé\

I,\ ,ﬁu&l o G Bew Bt '_F(A,r\b i o madde Lr A#é
td N an R-medhle. /\T\u\, Homg(N,N)C}(M;ID i om R -Sulamad

Gmlk (M, M) = Hor’\g (M, M) is o (Po‘&;\}j Non —c,omvb

&\mw r i'(j ( ,,% en&omofphswb-

(o s Gion

(endomorphisms)

Notes Page 42



Verification of quotient: H(S\' we  Choo Vi S N i well &%MA

Toen, a-(m—‘j) cn. (N s & Sub- m@}

> T o= &Y g

/[’ Il\pvd" M/N 80 o("%,-w) x o R-W\G‘D&J‘-

Notes Page 43



§ oW ve B

L

SU‘PW Oyey a Cle AV WmER
far -t O\ TJI t-%Y @A .\—h\ =0.
= AN +-- % OnVn -0

DRV T an €W
D gVt * BuVa = hwt dbw W
Ll\e{T’/ \I,'.e B/

N BT "2 (7R T S TN W Pt
@;=0 Vi L 4=oV

Lin “&’T‘

g_w_\\l) LQJL v é\/\ Ao y= ia,“/f_—t 2(3'“"\
PV = éa,"’[ e

—

EMS)K[M\ - HoMR[M, M)
- %te M —M | @ K'\\‘J\W\

T8 9 Ye edely, Mo gy i ake Rl Lo MO
Tam, Qo £ e da(m\

T produuck -

T &« ﬁa R wdk e g MocL&.k
\\{’ oLY,-I-’\Y»\)}(“) = L?[H’HY,JCQ\/B

= @ [ YO Y )

= @)y + 0 Yalad

= (@) )+ (oY)

= () + (v \(e)

Notes Page 44



O IR A NI S
1\\
\ %Jr“l’,,\) o (p - Vowx Y, oq.

=

Notes Page 45



Lecture 21 (01-10)

01 October 2020 11:34 AM
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® j][ M =N s e -‘son\orpk'svw(ﬂ-bhw + Lij-)) Mon Lo 1x
i(': N — M. (L(’"(rnﬂh = @ (re e+ otmy) < Lp"(‘(’(rt("m-ftp”n]):r;{:'?n)
O I pm—n s Reher, YE—M & Rl e
P°Y’ fL— N i R- lnear.

Notes Page 46



Pl :

@' @ w wy /“m’( ' o EWMWP\'\*"- \'v" t o eqmmkem (&\A’»'pw
(\)5?13 e Aguk ok id N \oU b g0 & q,,\.?og.'&'oww

(endomorphisms)
We "}i EM\Q\(VD% HDM@(N, m} X’V""\b o vi:\a od o~
?J\AWQQ. M&lg«or\ O-vu& E&?p’sfﬁon.

- b ¥ J ( WNog nown- cmw\)
»\'0)‘\' (f:‘;va:w %wl(::» Q-L‘A”D Aj

@ Moo o NUM@ Ovess EnclR[M\ with ) QCAOJ\‘ mul.‘t\"ﬁicab.or\
W
g \ye\ NQE By (W), ¥aeM, g = @)

thﬂ
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L
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Lecture 22 (12-10)

12 October 2020 09:24 AM
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Lecture 23 (13-10)

13 October 2020 10:34 AM

@ ’.ex ‘f’l M—-nN Le a YY\QMQ AQMDMD"PL\(SM ond a G annR(M\-
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Lecture 24 (15-10)

15 October 2020 11:41 AM
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Lecture 25 (26-10)

26 October 2020 09:14 AM
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Making M into an R_A module (localisation of a module):

Ddg}\e L rdodon M e MR e
(1/ Q) ~ (‘j; L) |{:{'
Yeeh s (b ay) < b,

~ 3 "\0\;\ Oun mq . \'d“_ %M r - [(m/ A{X-

a

/‘T\b\) MA = i 'J_L . ("\L, 'S éM%A’\l S 0 R-medule

o

w itk ALY K~ " 778 P mdh(:\.lu:l,ba dolined ao:

' I
L1, 2 . ow+ror c. (fg_\ - .
0~ o' aa' o [

Notes Page 55



We Men e Hrox Hoe evends b g Re N\OJAJ,Q in
’\c‘l 0‘9\/‘\,0\“ w’3

R x Ma
Na
l P
Ro v ~
We \I\N& 0n Q. [,‘nm.r M a-e
CQA : M — M «m oa

x P X

T»\c“, Voo @y = %.'JL EM ) Jaen COJL-.-O\E = Ukeh Ma .

aEA

Ld: ‘Zg(M\ = {& er \ ';}zﬁM\io‘] (k1=0)ﬁ.
Y & induﬁ w € ZMnA =p
-
Ma = 0 & VaeM, Jaen (an =0

SU\WOSQ M (:% Write M= (7(\) . Xn»

My = D & ¥ E3b--ynY, Ao p ((mu=°>
@\ obViD Lo

(C-)Talcz, o~ = & ---0n C A -

Lt wEM. T, A= 2+ 40 reR.
'“\bn, on = O-

&) aaeA,Hot.eM (a = 0)
=) &ﬂ“Lu\A\(\A :F é

Y@" ,RAW{\’& ﬁu\.) = & pot el ALK i<,
Ma=0 ‘-‘? O\ (M\ OAA = ¢

0 \oservation M=0 <& Ny Ac® moes., Ma =0
_/_/ ',“\
M N £ ool M. -n (Mn e

Notes Page 56



b

L(A\d F E &?er.(ﬁ)) MP-D (M“ ;‘:kg\b
@ ‘*w) (3 Maﬁ(f;}/ M..)=0

L’-:Ds arc Mh'ol- Re_m“j \NWO. —\17 chowa:

Local- Gllb(oal
\dvs € WMax (,RI Mas =0 = M-=0. P,,-,,U'P\e

(Local-Global principle)
We  ghow M fo0 = Jmye M ¢t Muy £0.
Rw»U‘- V\n} = p & N¥Yn EM J, é:j (a- =o>

Snce, Mo, Ju eM x #£0

Comids Hhe dta) I -

= w\t\&(ﬂ-
'L #0 = 1E€T > T ¢M
™y ':)v\je Max () s¢ - 1T ¢
ot )
” A= N ) .5
wk Ay T, ] ei?,,r ik nd— Zen @

?ﬂ" ?—l -9 =5 O NC-o frvr HOHme o (_A=f\\M
D> kaneg () L&\.\y $p

5 bwp(m g €

greod

N €M Npis g Ra-modae.
“Thea, No Cr Ma s o sdwdde and

Na {Qu(aD © o € NJ.

Rr - culomodder 9% Ma Given

n

Fur'H\W My, éA/N>A MA/NP« .

Notes Page 57



Lecture 26 (27-10)

27 October 2020 10:20 AM
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Lecture 27 (29-10)

29 October 2020 11:34 AM
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Lecture 28 (02-10)

02 November 2020 09:33 AM
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Lecture 29 (03-11)

03 November 2020 10:31 AM

Wt M b oa {m. Rodde, TSR an idel
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Lecture 36 (16-11)

16 November 2020 09:26
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Lecture 37 (17-11)

17 November 2020 10:07 AM

(Submodule theorem)
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