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Lecture 18: What we proved in the previous lecture

Tuesday, February 20, 2018 9:00 AM

In the previous lecture coe ?ﬂNeo‘ the ‘?ouacomg vesu lts
SWP“)osQ, M s an (S,‘R)_Li_mwlule. O\v\c\ N 5 a naH' S-wc‘u\e.
“Then -H\ere ave a Y‘\'aln‘l' Q—W\OJMI-Q N & SM Omci o ‘?uv\c'han

_Fo: NxM— NgM™ , 'E(n,m)=n®m such that

(A-2) (n-s)em = n®(sm) (S-balanced
Q-b) @-n)em= n @M -1, 8m Clivewr in N)
1-c)  ne(mntmn)=(nem) N+ (namy  (R-linear in M)

(9) (Um‘vex&| (.’)rcf‘)er%) HB Lis a n':,)H: ‘R—moo‘u\e,awl L NM—> L
Sa*l-c‘s«“)-nes "?V‘zrrer\'\es (1-a)-(1—<), then 31 7+‘-.N®SM —

_H\a+ IS on @—Wo( l‘»amOrnar‘fL\'sm O\ncl Q‘F(h@m\:‘P(n,m)

io/y N«;s%ﬂ
) (Teroor— Hom axdgunchion) N"M*\f 1"_ *

There is nurl Aransformndion bebween oy and T,
thd meons For HOMR(NQSN; ) —:]"-' H°“‘SCN ) *b‘“vgm’l‘m
et (L L) Taf D l b P lFN('FM@Pﬂ

Hom (N@dM, L) _;1:: Howa g (N, Hom (M, L)
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Lecture 18: Tensor product of projective modules

Tuesday, February 20, 2018 9:16 AM

Cor'o”o\\’g. Sv\rﬂ:ose M Is an (S,‘R\— L)i-—rv\c«cjule. Omc‘ a ’Pma’cc:l‘l‘ve

”ﬁH_ (R-moalmle.- Sw‘r\:ose N s a,r‘aer'eC‘l'ive r‘lalﬂ'lr S.mooluk’. .

“Then N®&M s a ’Fﬂg‘ec‘[‘fve ﬂ(’ﬁk‘l‘ Rrrodule .

(Pmrp- Since. M IS TrOJec‘[‘l\le p _F;'l IS an exac‘l,‘ ‘P\Ar\C'l'Or‘-

Qince N s r\amg'ec-in've , -FN IS an ex ac-lr —Pmnc-Lor Hence
:FNo tFH IS on €Xo\c‘{7 Seoluen¢e.. Le;\' f/\; _FNGSM —>F lae_
N na+um| 'Emns-‘{?ormn-['l'an . Then —for MA S‘r\ort‘ exoc,“,‘

SQnIumce. o:{Z n(‘jH' (R-nw4m|es 0 —p J_i j?-_, L ;‘P&,L.s__,,o

we ao‘l'
SES. | o — F o, (L)~ 8, heh€) | T TR SR LT (L
'IL;LTY < d] T'L < I T’Z
F (L) — F o.g—»F Oy

Ng M [N AR T
Herce  the .2"4 e is o SERS. os aell. And so NQSN 'S

aerU‘ecl'fv‘e \moclm[e. B
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Lecture 18: Examples of tensor product

Wednesday, February 14, 2018 11:26 PM

Y al:e,l«‘om amfs-

.24192 Z/MZ. = z/gdmmz

B Z/, — 95 Zfy 'S 8enem‘\7eA ‘oa elements of the fom a@b

AL

oagb= ab (1e1) . So it is & C\ad\‘c 8W' 3enem+eo‘ b‘é)

1@l .

nAel)=m1)@dl=0 ond m@ABL) =180 Mi)=0
D0 o (isl) [8@‘ ™) ond  thewe s an oo map
J
Z /6 dom Z. — Z/hz @ TZ/\MZ
4 — 1 &1 .

Le‘l' ‘F: Z/I\'Z_X Z/mz_ 4 Z

/

8@4("‘)”‘) Z
£(0\+Y\Z ,J:>+T“Z.) = GE + ac&(l\,hn)zn
Ore. Con fasi‘a check that ) ‘]D- N weﬂ—cle:efneo‘-

Q) L s balonced
®) £ is biclinear

i Z h
= 3 :Z/nZ@Z/mz—v /ﬁchn.m)Z ) Chowome )

— ?I(R@-E) —ab .
So F is Hhe inverse A 95 +this l'mr\nés the doim -
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Lecture 18: Examples of tensor product

Thursday, February 15, 2018 12:01 AM

Ex @@’Z@/z =

'ﬂ)-. r@ x — _fn;@n% = 0
¥xe @/Z, FneZ st nx=o

PmFo&{erisWse. I1<4R. Then (R/I ®‘RM o M/'LM as CR/I_H\OCI.
T 8 X »rx+IM
(P‘P- Le:k -ﬁ: N—-}‘R/I QRM , ‘ﬁ(f)(]::?@‘x. Then '?‘ 'S an

—

(R—‘d\ocl- l’\mmornorTLt‘sm :

’:?(rlm'-\-rlm?) = I@ (r“m"l‘rzr’(b_\ =T8 Y‘\m‘-\-?_\&rzm?_
=nem +G8m, =1 (dam)+ ry (1em)
= Y"\ '?‘0"'0"\' rl'Psz) >

IM < ker & . S\A??GSC ael , meM. “Then

:r'(am)—_: I@am=EQM=O .
N M/IM—v /1 % .M, '?Cfx»flM)—— Tax is o coelkdef.
R-WJ. L\omomof?)\\sm .

Lc'\' 8'- 'RIIX M'—PM/-_\-_M > 3( r+1, m} = M +1IM . One oan C)\eck
H’\«'\' 8 'S G mlLJe?—meJ R- Ld\'o‘\hCQi J \c»(lt'h-ea«ﬂ

Qo 3%.%@;«‘—' M/IN y %(FBW\\=Y‘W\TIM

Henoe G s the ivese of P; and the clain dolows. =
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Lecture 18: Extension of scalars or base change

Tuesday, February 20, 2018 9:57 AM

%V\??Ose, 43: S —OR is & \"\i'\g )Wowxanoﬂr‘\\:sna ("‘H’H'nll aLov\‘\.' 'H'\C.
wse Sc_»R cohee i & SuLm\j o{), ‘R\) and M 5 a nﬂkjc S—mad.

Then we Can exted the Scalar mu[-h?llbr"ofn Fom S b R or Cl\ﬂmﬂ(

the bas ring P S BR .

we viewdy R as an (S,R)- bimdule : sorri= berr’
Newd coe con Consa'oler M@SR coln‘cl\ s & naH’ (R—-\moJmle.

Ond £:M—>MeR, Foo:mxed sehshes
-‘?(xl S, +%.3,) =(%$t%3;) ©1
= X4 B8PS + X, OPCSH
= -fo_a $(Sy) o)) 6y -
A coe have seen in Hhe previous eXaNTIes , ? 5 nd necessqn'\cu_j
4

fnjﬁcl'ivco' Q/Z — @/Z @Z A s He zero l\omarmr?lnfsm .

Let M be on (S,’R\—LfmoJule.- “Then o ana NZH‘ S—wodule N

e 80": N N3Hr R- maclwle N%M . Do we ae:‘: o\-Eunc['oY‘

$rom ngkt S-Mod o n‘ﬂl\{' R-Mod <
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Lecture 18: The tensor of two homomorphisms

Tuesday, February 20, 2018 10:12 AM

_Lemw\ SU\PFOSQ #GHOMS(NJ,NZ‘), and geHmn@)R)(Ni,Mz).

Then 3] fege Hom (Ny @M, N@ M) st
@@8) (hyem ) = -E(niy 8 glmy) -
BoLeb 30 N M, s Nyg M, b W mp =Fopegony)
[Then 'L\‘(m;L S .,y = ':f_(“:l. DO M) = 4"(“_-0 S8 qmad
= -ﬁmiw 8 S qomy) =—ecm3® SCSM:D
= Ay, smy)
Wing-n, ,m) = Hnpeny 8 gcm) =G°-Cno-£cn,>\ @gem)
=ty @ qor — Ponpe 30)
= "-\f(n,,m)—l\'cfnz,vh)
K (e +myn)= oy ® 4Cr A+ o1
= —?(n) Q (8C\~n0 N+ 90y %)
= @( ne aom.\) N+ (Fmve amﬁrz
= W,y G+ Hlnym) 1 -

S0 3, ¥@g € Hom (Nyo M )N, 8Ms) @33) (n.am‘k%n\)eaw-
®
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Lecture 18: Tensor functor

Tuesday, February 20, 2018 1:56 PM

Lemma - Let ™M be an CS,(R\-—LimacLa\e . Then
_®%M X hcé\v‘r S—moe\ Apr‘\‘«(sk\‘ R-—ﬁ\oé 1S o -ﬁunc‘:or.

PR. Swr?ose Ni :?—iszth e naH‘ S— rodule l’bm.

—

. d . ®d
Thew N;1®%M —lw A Na.@sM Bty ' st&to‘“
niQ ™M \——' ‘EICn‘) Q@ ™M \-—'b'?z@'m\)bh

Lo Ld "H»\e, Un\'o\ueness 0‘? 'I:'l\ﬁ. '?rb,\/bu\s ‘emmo\:

(Yo Boty) = @t)ar,
G\)Lic"\ Slvoos - ®SM 5 a ‘Punct‘or‘. |

ln +the next k&um R SL\o(,o I‘l’ IS YY(J)H‘ QXO\C‘L'-
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