
Lattimer For k field of daro,
A- KTEI poly ring,
HEIR) has f- kite length as Dr#-module

⇒ Assed HEC RD is finite
.

E Let R- GAYE]
¥y7Eg

.

Than HENRI= RMR does not Whare
finite length as a Dna- module :
HENRI is graded , and has elements
of arbitrarily low negative degree⇒.

Note that 8 C-④Rudi acts on
Rx as a map of degree i :



sina.si?g!kIf.:I..wheresiitIsiiixI
.

Then 85' has degree ixjt , so
I 81%41 = Irl t itjt - Ltjtt)

= Irl ti - t
= 1%4 ti

.

Likewise
, St [Ducati acts on

HENRI as a map of degree i .
But

, [Dree]co = 0 .

Thus
,
HERR) is net finitely

generated as aD-module .

( otherwise , look at lowest degree of
an element in agenerating set; )

.
Hide'sinstigated abugreethsatfet



Recall : If I -- Ha . . .,ft) E R (Noetherian

4hm
any element in

commuting!
HE CR) can be written as

an equiv. class [⇐?⇒]
,
and

I#.¥*Fo⇐,
Fl : Nfa . - -ft E Hak?

.
. .,ftk+G

.

-

-
- -

- -
-

- - -

Extsingh) : R -- 7- Eun.Wix ,ya]
c-Uxtvytwz) .

want to showthat than,w, IR) has

infinitely many associated primes .
Keychain : Let dp=CuxPtwyPaqzxywzP
⇐-me:X ÷÷f¥¥. Cunninghame R .



¥:÷¥÷i¥i
The elementMp -

- I£¥p) is nonzero

in tRuµwdR)
,
but peep

-

-0in than.us/R).-PMp=osince

Pdp - axPtcvyPewzP C- CUP, vYwP) .

Need to check that

*µuvwH¥¥I::T
Suppose otherwise

.

Can give Ra #grading
Yx¥÷%% '

Ji:*:*:
'EE 8¥.

.

(Okc since uxtvytwz is homog .)
.

Then I dpk O
,

I dpluvw)4= (he , b)
.

1dpluvwK=AuPl_BvPhtCwT#
WI
-
OG A ,B , C horn og =3



IAI = l - p , l , l) ⇒ A = XP venue
. Al

IBI = l l
,
- p ,
l) ⇒ B =

Uk YP we . B '

14 = ( l , l , -p) .

⇒ c -- ul ve zP . C
'

with A '
, B
'
,
C ' of degree E .

Xp cutf- A
'

cuvwtecuxp-B.hu#cryP
t c

'CHL (WHP
⇒ /Ipe(luxP,wyMwZM)R
where Re = subring of R of degree Q e Hs

.

=E¥¥IzE⇒=#axiyI¥0 poly ring .

= #En RB
ftp.rj-Z-kiB3



In Re I #[④N0yT ,

if I;F¥¥ luoxicryosituxo -got
the coefficient of Lux)P'cry)modpis nonzero

,
so

Xp telling, hyp,tux-vysP.pt#Exiy3--kuxPccvyPcplELuxiry3.

Thus
, Xp # kuxpdryp.cwzMZExiy.ua]c¥ytwI .

*
.

Now
,
R .-Mp is a nonzero

submodule with annihilatorsp ,
so it has an associated prime
containing p .



Thus
, FQPEASSR Ctfu,ywKRD

with pe Qp , foreach primep .These must be distinct
( sinee p, pie Q ⇒ IEQ ⇒ the

-

The D-module Rf-62¥
-

K field & char O
,

R -

- k¥-7 poly ring .

write REST : = KEES]
.

For fer
, Rf EST: = REST# .

Res ) : = KCS ) Ex) = (KENOBI REST .

Rfcs ) : =Mf .



DRKES] : = Desk ⑧* KES]
= pot kE±,sTI*B . . . ¥nR
= REST 2¥

,
. . - foxed

.

DR ,KCs) : = Drik Qe KCs)
= (REST 351 Dp ,ILS]
= of testes ¥7 .

- - Exum
= DRGSIKGT
= Ress 6¥

.
. . . ,
In)

.

Warning : can 't always localize by
mu H. doBed set in noncommutative

ring ,
but can do this for mutt .

Closed subset of the center of ring.



we define Rf EST . Is as :

D as an REST - module
,
this

is the module Rfcs] (with
Is as frond generator) !

D as a DRIED] -module
,

Exo . get -- Exit If Is
Likewise

, Rfcs ) off is a
Drakes) -module by the same rules

.

Rink One needs to check that these

yield a consistent structure of
DRUID or Drees) - module; we
leave it as an exercise for now .



Priya .
For each TEE

,

the map
Rf Is Ets Rf

given by Ttc geo - Es) = getft
is a homomorphism of Dre - modules .
p¥ Suffices to check that
Held . goofs) = a Ecg E) for
all generators d of Dprk and all gesteRft].
Namely , 2 is XT or ¥

.

THE gesifskx.ge#ft=xiTtlgesIfs) .
att# go'II

-

- Tal + SAI Is)
= + t¥H¥Ht



= off? ft t t gets II. ft
-it

= fail gets . ft) -- faintly ED .
ran

we also note :

Prof .. For yes, E E Rf Is
golfs = o⇐ It Cgcstfs) = 0

For all te #

(⇒for infniklgmay te# .

P¥ write god
-

- gbsbt . - - ego
with gie R .

¥

so
, thegcssef-gbtbytj-go.tt



and Htcgig Esto
Es s-- t

is a root of Jb
Sbt . - -

ego
in fraeCR) .

( since poijnoneuith a roots⇒ is opoyl.la.


