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Def : ann CM ) =3rER / tem= o forall MEMY

⇐ :p) = {RE R I ro e I}

Exercise ann CM)
,
CI :ro) are ideals in B and

Ann(M ) = (o :p M)

Remands :

1) If M = Rom is a one - generated R-mods then

MERII for some ideal IE R

Also
,

I o CHI) = O{g - CRIe) = o ⇒ ge±⇒
amCHI) = I

so ME PyannCm ) if M is one generated .

2) Any R-module M is naturally an RII -module
with the same structure it has as an R-mod

if I E annCM ) : @tI.m = r-M

3) ann (MN ) = N :RM



Lowerings

A ring
R is local if it has only one maximal ideal .

I

{ aER : a is not aunity is an ideal

Notation (r
,
m) local ring CR

,
m
,
k)

with Max ideal M T
residue field Rlm

Note for some authors
,
local = local Noetherian

.

Not for us .

Example
a ) zqpn, is local with maximal ideal Cp)

2) Zep,
"= { AT EQ / pXb

when Cgb 1=1}
3) KIND is local !

N

Ianx
"
is invertible e¥ase ao fo

n-0

nonunits = (n) = unique
maximal ideal

4) Kane
,
. .

>add is local meth maximal ideal cog . . .

, nd)

5) R= KEM
,

. .

, nd] is NIT local .



Def char R : integer n>o

Cn ) = beer (Za area)
so the smallest n set It - - - +1=0

,
0 ifno suchn exists .
-

ntimes

Inge (R,m, k) local ring .
One of the following holds :

1 char R= charts -_ O R has equalcharacteristic o

2 char Roo
,

char k=p R has mixed characteristic Cp
,
O)

3 charts = char k =p prime R has characteristic p

4 char R=pn, char b-=p prime

If R is reduced, 1,2 , or 3 holds
.

Ireof See notes .

Note R=n①⇒Rn , Ro=k afield M=n%Rn

Cgm, k ) behaves a lot like a local ring

statements about
ideals - homogeneous ideals
modules→ graded modules



Localization R ring

of W multiplicative set G-EW, a,bEw⇒ abew )
the localization of Rat w is the ring

w-112 : = ZI I rER,WEW}/~
f- ~÷ ⇒ a few - r'w) = o for some new

the operations on w
-'R are given by

f- tf := rvtwsvw Ew . If rt
WV

zero : I identity : I1

canonical map R → w
-'
R

C to e-
I

Bernard R domain, owe ~ rut, ⇒ ruler'w

⇒ R E W
-'
R E Frack)

Il

(RKoy)
-'

r



ikmvasalpoperly
R ring
ofw multiplicative at
S R-algebra where every WEW is a unit

R→ W
-'
R

t a ,
-

s ←
'

F !

~ w
-'
r is the smallest r-algebra St every element inW is a unit

Mod¥mt Examples

1) FER Rf := W
-'
th for W= { 1, f, f? . . .}

2) Localization at a prime-

p prime in R ⇒ Rhp is amultiplicative set

Rp := (Rtp)
- '

R R localized at p

In fact, Crp
, pp, Hp ) is a local ring

3) w= nonzero devises of R

w
-'
r total ring of fractious of R

R domain ⇒ frack) =W
-'R = R co)



Examples
-

= ring of rational functions^) k [Ms - - -

s Nd) Cnn
,

. . .

, nd) with nonzero constant term in denominator

2) If k --I, I-_RI then

= KEX]
for some affine

m variety x(Klan, . . ,NdYI ) Cna
,
. . .

, nd) "

where me
:= maximal ideal corresponding to e EXEAd(

this is the local ring of e ex

Radical ideals in this ring = subvauetees of X containing e


