
Continued from last time :

·

Os I - R= R/130Samplerect
.

Tensor with M

PIQM-ROMERAM- 0
R

N2M
is exact

((aem) = am = am M.

↓ (10m) = (1 + F)0m . Esurjective
" easy

to see

KerY = Imp = IM

R/IQEM/IM by homonophsi
Theorem

Caple explicit failure of left exactress
-⑳

0 + 2 - 2 + /(2) + 0

2↳12) 202/127-2/020
This map becomes

0
.

101 + 201 =

2(101) = (102) =0.



-active&attress,
lates,a

&of An R-module N is flat if

* SES
.

of R-modules

of M's MBM"so we have

OCM'ONSMON-MN-o

is exact.

Rap the following are equivalent .

1) N is flat

2) Tensoring any
exact sequence with N

preserves exactress
.

3) If f : M'-M is injective ,then
fol :M'ON MON is injective



iv) If M1
,
M are finitely generated and

-

F : M'- M is injective them

fol : M'ON-MON is injective .

Examples .) /n) isAt flat as

a -modde.

0 - zz32/n)30
but

O
2/

, n)
-22/m)&//

2) Q, are fat
modules



# bit of calgy theory
A category I

wrasts of

① Ob 2 a collectionofjects

② H X
,ye
Obl a set of maphims
-

Marsx
, y)

③ For X,y ,zeb2
a composition operation

0 : Mor(x
,y) * Morly , z)-> Mor(x

,
z).

Satisfying 1) folgoh) = (fog) oh

2) H x = Obt 7 idx[Mor( , x)

St
. idxof = - goldx = g
* f = Mor(y ,

x) ge Mar(X , z)



Ob2 MorExpe
Sets Maps of sets

Grap Groups homomorphisms
-

VI

Ring (Comm
. ) Rings

Modi R-Modules Y

Topological continual
Top Spaces maps

Def 2
,

6 categories . A
covariant

functor F : 2-D
is a map of

objects F : Obl-ObZ0 and Hxye
Obe F : Mor(x , y)- Mor (Fix

, Fryl
D

S.

t
. 1) F(idx) = id

=x)

2) F(fog) = F(f) · Fig) Table



Aotvanat Damateobt
a Nep F : Mor(x

. y) ->Mar(Fig
e

Satisfying 1) # X Flidx) = IdF(x)

2) F(fog) = F(y) o F(f)
. Gotall)

Examples
.

1) F : Sets - Rings futor. &
pointusa-

F(X) = 1
*
= 54 : XSR3 addition +

multiplati

X FeY map
of set

=(f)I

F(Y) - F(X) contravariant



Pop M an R-module then the

following are functors Modr-Modr

① Homp(M , -) No Ob Modr
N +o Homp(M ,N)
↓ ↓

covariant
P 1- Homp/M ,

P)
-

RIGHT EXACT

② Hamp)-,M) N Homp(N ,
M/

↓ ↑
contravariant
- P Homp(P, M).
RIGHT EXACT

f
⑤ MOR- N-> P

let

covanant
.

MON to MeP.

LEFT EXACT



Two functors F : D-2 pranant)
G : e-D

are birt if XE5
,
Yet

Mor(F(X) ,Y
= Mo(X , GNY)

We've seen that :

F =
- ①N G= HomN

.,
+

R

are adjoint functors Mode- Modr
.

HomSMEN ,
P) EHom(M

,
HomSN

,
P)


