PE of Propl: My, = ker(M—=Mg), where My = S'M for S =R\p.
Suffices: E£=im(M—=Mg,) is free, since then 0—-My, > M—E — 0 glits
Why is rank F well defined? Because F > M/My, !
Will prove E S fg. free submodule of Mg, so Thm p applies.
M = Cmpyem? = My = spang [T} over Rey = KIR) = field.
E = (Foen over R.

Choose. basis  x, reen Xop for M«».

Let aeR be TT(all denominators in coeffs on x.,..,%, in %"""Q ).
Then EcR%e .. eR% O
LX: ranl( M =n. ]

Lemma: M(p) = ker(M—M[g0). O
Lemma: TF M =My, then Mp) > M induces an isomorphism  M(pley > My
PE: Need — by HW5 #b. Bu
TeMp = P& =0 since Mg, is torsion and Ry has just one prime # <O)
= b[:“x =0 for some b¢<P>
= bx e M(p)
> % = F eMply. O
Lemma: PN =0 = N = N
PEPN=0 = N is o module oer RAFD. Write R—>RAp). -
Then 7 ¢ RGN ¥ rg @, sine g =1 |
Hence, if S= R\(p) then Niy=S™N =S"RN=S"RAIN = RN = N. B []

PE ofPropa: MP#0 = 3 0#xpe M) with px, =0. Thus

<XP|M(P)¢ O> 'FS l)y Cor P y SO wp)zo ‘For O‘MOSJr a” ‘J
GP M(F)E—D— M(P).

Lemmas = M) — Mq,) = M(P)<l’> =Mp = M(P) %Mq,) Vla

But M(qo)<}>> =0 V <qb>¢<[>>. Thus

M — —|;|_ M<I’> = —|;|_ M(P) = EP M(p) becomes = locally ot every <P> O




Naka/vama’s Lemma : Fix local ring A with maximal ideal ¥ and fg A-module N.

T hen N=FN = N =0.
PEN =4x,,.,%) = % =iaixi with aieP Vi

= (-a)n=2 ax;  with ajeq Vi

= %€ Xy k). Done by induction (h=0 trivial). O
Nokayamas Lemma : (A 3) local ring with £g A-moduk M. Write
M — M/mM
X — X
Assume M/3M = (=,,.n%0). Then M = (xppocs .
BE: Apply previous to N = MAxp,omndy so gN = aM +Gepya)
0= PM+<>¢,,...,x“>/M+<x,,...,xn>f= M+{x,,.. %)
=N. O

Eg Xty basis of F & %,..%, basis of F/yF.
Prop3: Assume R local PID with (P> maximal and M fg with pM = 0.
TF 0 »K > F = M —>0 i exact with F=R,
then F has a basis §,.,f, such that
F“ﬁ,...,P‘“n is a basis of K for some ¢, e eN.
PE: FF - M/M.
F has basis B = B'YB” with B"< basis B' for M/M.
Using B, assume F/pF =5M/M, so pF 2 K because K—F—M— M/M.
e =1: Any basis of F will do, since FpF =M = MO
e >a: pF/K=pM is killed by ¢
Tnduction = choose basis g,,..gn of pF with
B g0 g basis of K.
9i € pF = g; = pfi for some (unique) fieF, so F"'iﬁ =Py

Nal(a}/ama = £ £ basis of F. O

|course evals|
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