
Lastly :
M D - module

,
WE R moH - closed

⇒ WIM is a D-module in a
unique way .

In particular, WIR is always a
D - module .

Props Let
M be a D-module

,
and Setia

.

Thenthe map
M ESM is an
mn Som

element of Dianthus.
Pr¥ By induction on i .
E- o ⇒ S --F

,
which acts as MIM

by definition ,
which is in Hongplum)

indstep : 8-C- DEA .

want to see thatDQtMMtEcmts8@mDqFTc-DEiECM.U) for
{each RER .

This sends mt 8. Crm) -Ho. m)
= [Sir] -m

,which is in DEECM.nl by IH .

De



Note : if T is a narconon. ring
and M is a left Cor right ) T- modok ,then annam) is a two -sided ideal •

IN do

d.M -- O
, PET ⇒

Xp) •M =L. (peu) Ed.M= 0
432 ) .M =p . I2.us = 13 . O - O .

Thus
,

Poropi The annihilator ofa D-module
is a two- sided ideal ofDRA .

Ba

Localcohoogy
Given ¥ -- E , . . -fu sequence of
elements and an R - module CR comm

.)
M

, define CE Ein) as the
as the complex of R-modules
0 → M → Mfi→¥ theft,→ "

- →tf. ..IO



with ± signs chosen in such a way asto obtain a complex , e.g. ,
o → m M¥0Mfa Mass→ 0

.

theorem : TEs - Fgs , -then
Hice. Heindl re Hice.cz, .

' "t'

' items
. we

define u¥÷¥÷÷¥7g
HE CM ) : = HELENE;m) ) for I= CE ) .

ithlocalcohomologgofmwithsupportinI.ttM is a D-module
,
then each

Mfit - - -fit AS
'

module , and each

map Mfiz. .- fit Mfg. --Fife, Is D- linear,
go Eel g. M! is ⇐ corn l x -in

nd each HELMI is a D-modules..
Will "compute

"

one of these soon .



Note that
any Heft ideal of DNA

is a D- module
, angel ang cyclicD- module is of the form Driafg

For some left ideal J.

Left idea
. gen . by Sec . Sn B

? Drift . Si = { ↳Sze - -
- earful d-EDRIAZ

.

DNA . {Sits .

In general , we have
0→J-Brit -⇒⇒ Re o

evaluate
at1

.

T-ESISC.GE#asD-modles
As R-modules

,
this splits
thru ÷

sometimes this T is called the '

bhigher
derivates or the differentialoperators .
(beware reading old Daoud



7µA each i
, have DEH-E DEH

,
and

this splits as R- module:S ..
O → Iiit IDEA⇒DEM§ For 5=1 , DITA is the seon R ,

maps that satisfy Leibniz rule
( Ocxyl -- xdcyltydkd .

{ Exercise) .
Let R be a poly ring over A .

We have Dru = Of Edd .

Then ter ( Deut e¥e R) is

I ⇐ ADRIA - { 0*512*0-3
,
so

REDRUTH
.

In particular if k is a field ofdrano
,

then Tze Duk - {Exec . -- fan}
,
and

Rz DRK/D* of ¥ . . -
-Exile

.Er
-

Let Ja: -DAA . {XI . . . ., In} HR Poy riugorertt



Write

HIaCRkR¥ ←
?Rxz . - Ii . . -XF

⇐
⑦A - {monomials XIE - - -XK l h

.
. . .,LuE¥}

-

-
① A - {monomials XE.

. - ku ( Gc - -the#
at least one he is nonnegative}

toAXE . - -Xuan
Ge - --AKO ooo

Then Xi . XE .
. - Xuan , { KE - -- XT" . . - tuk Lisa

O A- = -1

and 2431.174¥) . - -GI) B

-

alwaysnonzero!
Then Y= XII . . - XE is a generator
for HIE, CRI as a D-module

,

and the annihilator of Z is Ja
(exercise) .

So HIIRIIDRH-fja-DMHD.zu.SI#...iR
.



D-modeles & differential equations-
To
any differential operator St Drees IR

there is a differential equation
⑧ 8C F) = o .

'

, ⇐ - EE Kf ) -- O.

I feed" I-dim us. IR.

Likewise one can baster linearly,fanofPDEs,
• it
we can express solving ⑧ or P⑨
as somethingalgebraic .

Generally , people look for solutions in

f¥¥¥?..
RFK

. - .
-in}←function analytic

near Q
.

Remade. Each ofthese B a D-module .



y , I s

Prep . For each of n={ FREIE?,xie
REE

. - .
-in}

,
there is a bijection
Han-
*↳*

CD"#""4D*e⇒µ§s,M)
I

{ solutions of
-

SCA -- o
in M }

.

p¥ Any Dreesepiling my DREAR¥⇒*s→M
is determined by the image of I . Moreover,must have

o = its) -- ⑧CSI) = 8.HE) , so GI)
must be a solution of Scott) KO .

Conversely c if SCf) = o
,
there is a

map T with AI) =L
.

Ds

Papi For each M as a bore
,
there is a

bijection

HmD*e⇒e*✓µ¥¥D¥E¥aM)



I

{ solutions offer .FL) of t.EE) -- e
in M }

.
④

Thus
, every finitely presented D-module
can be thought of as a skiwear systemof PDEs .
Catiadifferentiation ) .

**s=i3i¥¥.s¥. .io#5sIEIaI----=EaEto
constant
functions .

Hamal REED = D*⇒-Ens ⇐At . -- =XIA-oDREI IR - EET - -TEY
no solutions inMM
I

Dirac S-function .

HE
. .. ..nl#*--*iD--fIa.*!I7=n

.

So. - -Ako



S C-DRA
t / sina.EE.

.

Mgp =D"
a
. S


