g&[ﬂ{wm(c Fields.

—

P will be a prime 2. 4, = grow of mth vootc of wnity v @.

F: Q(mp) & & <> put () = (pz)¥
I )a e (T Y"] '
® @ s oate by (rreduability of the cyclotomic equation.
® D = (7/p2)".
® as a canonical characker of O with values w 1Fp.
e", ne Z. »n sek of residues mod (p-v
£ = Lolea.l C/‘JJLSI gmw‘: of e
C(c?, a ref:reuulzqi{on of Dover

Fundomenkal Quesbion: Which of the charackess @" (ne TL) occur wn represwaHOn

on C lCP. Easy: @a, @'. O newer occur

126:3
Example : p e 12613, IFucu Fa:i*: éle has dumension & over .
® 0" cccuns For n= 2033, 3213 12011, 12305, with
Mu.u-.'fr[/ioitg K.

Vaun diver Con_',e_cf:u.re: For wery  p, the only 8" whith occor ke Hats have w odd .

lwasawa: Fn = ®(’#Pn") s 0r|r2f"' i:v. g'n e HU«E (/“rva = (Z/PHRZ)*
'l?)q“ \rred.uu’b(UE-j of cﬂcf,ol-omr_ {’,(tuw{'fon

= Hais (s isommp\a\ism.

) 3 :
Fo = n? Fn = @ (ﬂpw} . 900 =XG"Q'{(FW/@) = g*: gﬁ wia)
P 6a0 =, (.Li“ (Z/Pﬂ“Z)x = ZP = C-BC’LOLOMJ(, characker. G"(f)"' ’ f&ﬂf,w_

Le
'ZT;\'-:/UPAX{\'&?_Z—P)‘ i‘l‘?IP_N_g—)?IF:—)‘ZF

Example: When p= 12613, p-primary Fut of ideal class group of @(/u?wj is  (sowovplic
to (®/z,)"

| Twe L‘ngreol,(e»is of “ Main Conjed:uxe‘:‘
() Hna.bjlﬂ‘c one: classical essew‘:{auﬁ ancdl alimost n Kummer.
L L) ALgebm;ir. one.,

lwasawa formulabed anel proved “ballf® of &, Proeed & iF ws 8" Por w even

occuns (For P) {n C/CP. (1966-F0).
Early “80's: Mazea- Wiles gave Fist wnconditonal proof of whole Main Coujeckuce

MMed 80 5¢ Thadne & Kolyvagin gave wew voxiant of (dess of Kummer. (%AEu-lu Ssjsf:emd

X
lwasawea a‘ge[ﬂm: G, Pmﬁ'n(i:e abelian gvoup E«.y G- Ifx or G= Z)’ /{t‘}.
C J2:selt of open subsels of &G,

 Defnbion: N(G) = Vwesewa aiqel:m of G = Q_L_‘.‘:" 1‘,[6'“1]
HedL




May wobe N(Q= Z[[6]] > T, (6]
L dense subalgebra.

Interpretation of elemenks of A(&) as measures.
Cp = completion of an algebraic closure of @ £ &= €p, conbinueus
M€ A(G&) as measuces on & with values wa Zp, Want = define .Lpd,“-
A‘ g(:cti'. LoCau«j censtankt € G’"‘C?
2> J HeNl suchh Haak F s consbant on G/H
For HeJl, we lhave canonicdl map Ty: AlG) 'lr[G'/H],
Ty () :TE}%W QT | c,lte Z;
Oefine 'c[ Fdu = Z% cato Flx) e Ci"

Te

Consider C(Gt, CPJ i gFG——‘P Cl’ -'C is Con*:'lhuaus}.
| Lan deline nows NEE= S:E\Ffwll,

xn

- For Hey deFne Co: Gy — Cp. fick ony sek §cl of rePresewl:ai-{ves of G/u.
FH ‘t“) = F(tj. T\’\eﬂ\ CH ‘-ir as "-—’ O, wlUn ‘Hﬂl‘i‘ NOw .

! Dé’ﬁ\'ﬂt-(n'mt { F Cb,: -~ '&‘: { cl'l d)u
| Exercies: (O M=gE G . Divac ymeaswre attached o q: c{ Pdo_j = p(gj
1) A(E) has a muUrpricaJ:ion(__; convolubion of measures.

(i \F ge &, £p(gx) duey = {F(w)d(gjucu))_

I\ntﬁarw{'{w\ of p-&dic chavackess of Gr.

! Deﬁin(bg' 0 X (&) = Hom (G, Cpx)
. For example, Z’f"(_i' C\"i I x> (me Z).

| Lemma: Let ®e X(&) . Thea @ tan be evtended M‘V“"Lﬂ f a conbinuous
| Ty - algebm Womomorwism ¢: A(&) = Cp.
Prock:  Veline Plu) g Ydu ¥ e A(G).

; PS&AAJO—MCGSMG.
Ve genesal, A& wilk have duvisoss of zero , eq, (F G= ZPX.
L Q(G)= ring of Frockions of AlR) = {57 « Be A(&), B nota diviser of 2ew §.
|
;LDeCL'.«\,C{-:W,.- Take TeX(&). We say € Q&) s o F-pseudo-measure F
fcplg)-gjﬂe AG) VaGG
IF we can take P- briviel chavader, call Hhis a ?reudo—measue.




Claime Assume p e QMG whidh s a P-pseudo-measure. Take amy Pe X(&), ¢ % ¥

Jed((®6)-9)u)
i dos 9)-9) M . 2 @ (
Tlien we debine £F Lix Pla)- ¢ o) . Fo 9e G sudh that Ply) + pla).

(ndependence of Hre chocce oCc_y_ Suppese @(g‘:) = ely;) t=12. i
fed((%a,) -9, )m) x (Pla,) -pl9,)) = Je d (q’fsz)(w"s.) -9)m- 9, (R} ‘3.)/««)
()i siace - [ela,) ed (V) -9 )p] = = [ed(a, (@la,)-a,)u)
= {e A u( ®lg,) Pla,) - ¥la,)3, - 9, Ply,) +9,9,)) -symmekvic 1 9, 9, .
So fpdu s well-defined.

- lwasawa- Kubota - Leopoldt pseudo-measuie Ma {P-aouc avakbas .of Sls e.fc-)
: Whek (s G in Hads Cas‘t’? L?ft ‘L= L OrF acco\roléwa as F=2 or P')Z. Lekt Cfm:‘f-[’“ (n= CP_J,Z,,..}

Fae Riug ) , Ko FnR. [R:k]=2

:Fw EUF\n: ®(/up°°J 5 KN:UKV\: FWATR-
‘ ‘g : Gal(Fo/R) , Gy = Gal(Kw /@) = §/<\,t3‘ T= compler tonjugakion.

w0
G, S T Y-l So G > Tp 5k,
X Mex (V3 &Z3)  5:=12
L) - {
‘ Mo x [V 4 pTp)
W
X = walx) x>,
: What s Ylom (gm. d,’;}') = H.OM(ZPI, Ci’;)

pr"* (Z/‘E.,,'EJJ(, o o character of (27/1“2)! Composes ke give a chavader for er_

: Example, x> <x>' ) se Zy |, cowmposed with X - Dirichlet chavecker med I

;Au elements of Hom (7_; ) f‘;‘) are of Form X. <k>s, for some X of Faite owder, se z,

mﬂebm&r_ chavackess XY™ wme Z, X of Faile oeder. This (s a characker of G <=p Xtdda ()™,

i
|
|

X of Giate order of gm <—L characker of (Z/$nzjx Cor some n.

Defme L(Xs) = T (1= 42)7  c4p Xz X (rmed )
= P‘ X !Pj C) {ﬁ ’X—#trfu(a,l_ clmrwbu

d

‘ \'F X = bﬂ\ua,!_ JAMGE!‘U-

)

Pﬂ'mi‘d\le Dictchlet L -Funckion of X.

Rk V%0, L(X,-wmle &

Main Analybic Theorem: There exisks a wnig ue Tsou&o-measwe/,{s on G such Huat for all
chacackss X of faite oder of G and all inbenes k%) such dak X0t = ¥,
we \ave £ 'X"Pkd/us = LIX, i-r) « (1- %(p)- "),

L Prtuu;nufes Ffum &OM?(E-I’ .CLQO«!L

q.,mo. celZh )" Vefue pakial zedn Funchion MEXN S}=n§-; n,

n2y




- Definition: w,v e Z‘, k%), w20, Agluv,q.) - f(u, 4., I-k) - R S P

Lemma: B X s o Dicchlel @t\a.rec.bzf mod g lhen

| L% (1= %l %) = 5 o ¢ Sl q,, )
| ol '

i X (n)
N ]
tng=r ¥
‘F «w € Z; , depﬂf g(M %ﬂls‘) \S([u]vlp %I'\r )

R

["‘l, (Z/sz) g

t Ly
Recall: = = & @__l_ . whee Bu are the Bevvoulli aumbers.
—— Lo ™! EEE" 09 ( (:M
The m#h Bermoulli polunomial s given by: — = 2 Bbd =
m g ety w0 !
Bule)= Z [7) B, x =
izo

j Lek Salu) = unigue rcpreseutq,l-ive of [uw], wt O<stw<yq,

- Theovem: For eadh ue€ Z o.md all W20 and kX, we lave

ey qfu]
| Sl 1, -k) = 8, 5Y) e &
- Puoof : See Washing tow.

,,.|,.a;

Definibion: Forvue 71; oand R, we b Ay (u,v 9l = v Sl 4., 1-rl - Sluy, q

- Theocem: (i1 A, [u,v,q,) € Zp

(i) Ag (uwvq,) = (..w)h" A [av,q,) mod I - (n>,0’ k),IJ,
B (x)= x-3 . vg(u,$n'0)= -.Bl{s;iujj_’,_. _;'!_ ‘%&"_{v
Slav, ¢, ,0) = ) = Sulw)

V-1 Saluv) = v S, (u
So A (uy, L.l = il -___Tt__ But, Vsl

2 UV E S (ua) med g,
S Bi(wv,q,) € Zp.

€ hange notakion:

AT
(WF Ay (wyq, s as defined last time have Op(u,v, ¢, )= v& 8k (wv g 1)

- Twe Maeorene  bewmes:
Theorewm: B, (wy, q,] € Zp.  (Procf as beforel

i) For all  wtegers k2l we have Ay (4v,q,) = J& Ailuvy, q,) mad q,,
Definition L ek Fe be He lasgest powesr of p olividing the dewominalos of any of

Bk =3, Bse ., Bap
‘ 2. $( EYESSCHPEN i
___..._—LemMn Fb‘ ﬁ.u “>0 ‘»e we (A 1’“*0 £ k s i_-;e o : Y %’ﬂf& i o} Mad %ﬂ .
e S 1(1“) .
Proof: S (u Qnre, -R) = _?nf_g. 8!17;7“—) L 0L, W<q

-k).



Csuch Uk f AV dy, =
(K oF Cundle ondar oF G awed Xlc)= ().

C We wlU fist  construck prevdomensum u, Lot -r’X‘f’h'l

Note:

[ .
%k (-.j = \__Z (?) . B(_ = = k [ 4

x W =g A
S 2 = ~hapla™ 1 R-1
P (u‘ q’mcj k) = }:: i T - (w) weed e
R R e
= =Snield r %_u rod Yn sivice /2 € If’
Rine

Woke U= Sppelw) = -q, w0 Snyeb) -u

"a L X P 2 . SRR
Spetw) ™ = (us 1“"\.-:_] I k‘Lh1e Wiy mod Yase Pk o= Donse.
S““(MJR & Uh F U'-l (Sv\-tc(bd'uJ MOC‘ 1‘” .
qu.m.e LT B

- i-R o “+ k"_ Spvelw

2 LN 4 W el g,

R Ve e

R s
R—| R-1 [ 1 _ Sarelw
So Sy, B, l-k) = =5+ u ( 2 o } med g

( Sase (-4))
T Ynee

‘ Cowuﬂgi Dy (H,V, %#th = Sy, Vave, I'k) - v® g("“’-'; Uave

(k).
u u'i’ Qrug, o} mod ‘L“.

= uk"‘g{u'qﬁ‘“’o) -uk—'vl-k. W3
T WA vy q,,,) mdq, Y owo

%
Lemma: Given we ZP and w20  then for all w20, we \have

NZ ‘S(w q'me; S, = g[uf qm‘ SJ 5 u\ne«e W Tuuas Ou:( cu.uj So!‘ oc :tf,—g;ew(:nln'us qF
( -E/g, z]x which wap to u mod @ [‘ﬂ-/qm Z_)
?rooF Obuious froam Dicichlel seres u.:\nw Rels) >).

RUS:= 57 wmC. Luis:
o p)21

ol e
“"Gumnd:z'

So we ase sw.uw;..ﬂ

over the same Eiweub‘.

Pl v voe. 5 8inviga,) = Oy tunsal

New, Bp(wy,qu el 2w Bl g, ) wmedq,. Y
A, (w,v, Guse) ™od g, Vo
Oy lu,\:, ‘L..i Zu

; SLLM ovér W

=LA, twy, q,) ™odq,.
This proves  Hheovem ().

. Recall Hel we ave t“ﬂ"‘ﬁ o F’Mol o ?Jeucﬂa —Megsuie ©a G,o z Gral(*(wn /@) = gw/<',¢'>,
LIX 1-R) . [(- X(p).p®7), V¥ k2 with Xie)= (R,

ey, = LU% \-k). (1= X(p. F"") v k.

w"] ng = Cp | conbinucvs, Hais Gfves o pmeaswse

G( Flo) glx) d/u(x) = f Fix) Dt/ug(yj
Soe we wll tahe Mg

sy ¥, YT G Co



Re(‘a,uf (We have: Fl"’: QDL“P”J Wank toe  look et ((:’l:" ZF[G‘(”"/&}]

g e @ (o) e e [, 2u BT
w A
( ) G"m o, —> :
iy Wwie ¢, = 2 Ko

G 2 0ulF, € G(R/®)
Tun® TulKa € G (Kai@).

 Wa- any  set of rq:wsmtw‘:{ues in 'Z'P’ of (I/%IJ!- Ve ZP’{.

Key Debinibion: A, = (1-v'5, ). . Z Slyq v € &LG,1T

R /\qn :ugﬂ AZ{HIV, qm) tu,n, whare &1((.{’ v, qmj > ‘Sl‘(,%m’i)'va \S(Mv"‘ Q”‘ -'J.

So Ayn € ZplG,] - Fackl,

Fack 2: [r\q,‘) ¢ 4{‘.2'.” ZP[G..] 5 We \ave: \:: D, (w, ¥, Qi) = B [u'o,q,uj . Gy ¥R O
Soudh Gk gader (2h..2)° = (Zrh,2)"

haue W —— U.Moalt“_

ijed:iue Lk (‘"V?Tq..) = - "Q'Cv ~ wot a0 e dhvier ta NGl whaa v s net
@ s‘oa& Oc u.h“:g. Wn'k {r\\,'“}: )\V.

: 1:)_8_6_____',1(&’0«1: Ma = Ay /i-oity) € wing of Cf/uohe.w{:f of Al &), lfﬂ'i{t\.n) =2

(t s a Y'I—Psau&o—measm

We waunk Gf ?C‘i’h.zal/,{a YV X of Faibe erder of gﬂ wita "4‘(-1’:;“(—!)k and all R>{,

So (%x) = L!‘P} (x,l-k) - R Xlv) Lmhﬁ‘*
AN s b J X e, Joxem A (1-0t) = (- 0R X0l

Cal'w{ojjon: &f x‘f’ﬁ—zd‘&v 3 .’E::;; UEJ A“!(&t,\l‘ 1’“, x(u} “K~2 o (*)
- (n>>ey "

i

Now BDpluvg,) = P8, luy g 2«78, (eyq,] wed q..

So ()= ...bi‘:, ug} Difuv,q,) Xiu). Conduckor of X divides g,
g"' éwn‘\“(““‘r“-‘hj X{w) =u§wn D (4v,q, | Xle) = (xx)

LT (X)L T XU
Lek L{Pi (X,s) © rgp ( —FT} (u% .

)l = b-o® xivl] L% 1-R) (1= X(p)p™).

| Concdusion: 3 a “?PSW-MCGSMJ/MA on G-,,g cuclh that

Gfx\v""dﬂ, = LI% -k), [1-%Gp) 2], X Gnite ovdler Xle)= iR | B2



Struckuse of lwasawo Plaebus (n sowme special cases

NG, &G a Fron’n{& abelion Group.

Gasel: G2 Z, G=M Lok ot AlP)

IP[LT]] = ring of formal power Sees T witlh ceefReienks in ZP'
Fix a topolegical generater Y oof T

Fggogﬂ:l‘ﬂg: There exists a w»f%ue conkiawous hmﬂmou-‘:'\dswt of Zf“d—lgbbms, £ Z?[[«T]]_:? A(PJ
Sudﬂ ‘Bﬂ-ﬂt E("PT} = (Recau ,\[r',: ((_‘:.:“ afirn], fm- m.‘{tue a.jc/t/a‘(_ %mw GFF' OF
al-egru P" )

Basic Facks aboul Z?U-T]J. (See Washirglon or Bouwrbaki).

I. Division alaorbam. Assume that F is of the form F-“iq,\"r“ whee a; ¢ pZp (0€icr]
and @, € er. W o is any element of ZF[CTJ]_ then there evist waique «f a Z,,[[‘f]]
Such Haat 9= «F+@' where dey @ < v,

" P*" " . n
oo liis Chinll i« & 1T 477

Delinibion: We say F(T) =ﬂ§o anT" i dustinguished i a; e pZ, [oti<e) amd a, =l

) egrstrass ?rc!:a,nt.n'ow Thecrem: Every qge @[[T]] coun be Lo tlen u.mcvaehj wn the form 9:9’1.»‘
where e T, w20, F is o disbinguished polynonial, and woe Zp[11]%.

Comu_a_o«’j-' Criven OJ#O i ZF[[TT], Hiere et Om-Lj F-\'nikebj wany 3 € (f‘; wortla \w|r<l
suck that g(x) = 0.

9(1" = "{:ﬂ ann i gf‘)d "'“§° G,,,DC“ 6(‘!} =0 =D F(‘I): («R

Coollany: The vatural wmap ZelT/, () — ZelCN (o) is o isomorghaem.

AR, e B R T3 Thm,
i AP) - b Z, [2]
There @ o wnique Somosphism -EP{ﬂ/[.,.,m) = IP[Z"]
} 4T modwal®) —> ¥, = ﬁmagc o e
- Thea AlP) = 8_'“ VIF[T}/(M..(TJJ
. ¥ — (1471)
CSe AP s U [T/ (4 ()
¥ —>  (147) T; - faal sk.r s o show { s om  isomosphism.
y AIRS N
Cis mjeckive by Weiestiass. o (s surjechive by completenes.  Both spoces are  cowpact .
Im (&) s dense. s conkinuous se the lmage of a closed sek s cloed, and we geb tae
- whele set. S NP 3 Z[(17].



- Remark: Given (1) € Zo[T]] | ond et £(FIT) =4 be the coresponching measure
‘ i N[P]. Take @ to be oy eloment op Rom (7, CFJ - This glves F: Aln) = Cp-
| (Recalk @ () = jcm,q)

Su?Fose Elrk= Z a T i Ha q,,e ZFA

Clowim Hhat ‘P(/u) Z&..f‘-?(‘e’} l] = F(®rx)-1).
! ZF[CT]] Magimal deal , M = (p, 7). f, prime ideal , vas heigiut | g - (f, E o ircaducitle
ausl-(nguis‘ned Po‘agmm&al.

For 32 Go T BIBE > i, /120 x (1 Z) S e, 1000 5 Z,

- Case 2! Assume G= AP here A is Ralte, and Tz Z,

| Definition: fZ[[’T’}] = ving of all formal powes sevies ia T w. M coefhcients n 2.
F= ZQ,.T" a,* Z <agl Cog € Zp.
Seb 2 *

| tet ¥ be a {;{xed ":O?a{.cti{(al ﬂwe‘ﬂib" of LY
Nc Zyel < AG)

Proposition: Theve it @  walgue isomosphism ok topological ebas £ RUTI = A(G) which
| Loponton e op i
?rgje,rv es the natwal wdusion of ST (a /\(Gr)‘ and £lwt)= Y.

bz glacz]=nlznl. Ale- b= nlLl
Claim ¥ 2[2.] 5 2 2011 /(w,).

- We  wneed: /cj N/ fw,) 2 N0/ (, ()

| [ RN = 8 20/ fu,m))

\ [ Zel1)/10s,)” fﬂffﬁ]}/mm" o #b)

Remack: (1) = T a7 € RIV]], auell £(f(1) =au.
@ e Hom (G, €) . Flw - [ Folu - 2 0te) (@3 -0 whewe O = @y,

L[mquer\eﬁ of LT pgwd.o—meame
6, - G i8], Gy GoltrLo>
Y g, 3 % :_:, Ay x (1h &Zy) when p=2
Mp, % fnf'zz.f,J w\n% l'))?.
G > Z/1p = ; |+ &Z, when p=2
Apy f*l? x [[+ FZ'PJ w'h-em ?)2

; gpo = o «xC 9 ~ G(R/®) 9= ‘HD Hew (B CP”) -§ & ‘med 2 Fpa2 l'mof,,-i,(,»n}
CGwe = OxT D% G(Ke /) Hew (D, f;f) 3 T R R p-if



- Lémma: gu,ﬂ;ose My OXE tuo elemenks of AG). Then
() 1F p=2 and -.r Y“c’l}{ f ¢" d){, for w{;ml:ebj mand)  even ne Z , Hun a4 =,
i) IF P'>2 and gf g 0(/4 ,gf \V"ol/u, fer W\pwuug many Nne Z lyig eoch even

residue  class M:ol p-l, Bneon),{, .« My,
Prock: i AlG,) = 2], K- Z,(o)
o F—i"‘m'r , O 62
¥ H?oLacha} %euem,{or P R ] even X= gt nZle wed P-
g ‘i’“o(,u.=kf x(ah,(wm )k h=of.. \:F’xc_ﬂmfl)trj

2 ni Xlay,) T z Xlay)) T w“m)'-'X(“m) D Az, YRIo D u i

- Mene up and /%:"V‘ju,q are waque.

7. Lecal T‘r\é.ow_;. [ff”zj.

8, Ea = Gplugon Lok B, 2 0B, = Rplugon)
} \ /9’ a Auk Ly = (Z/mez)™ G - GI(E/6y

i

Leb Uye wals of [l‘\'utﬂ of iabegers of) B, wWih are =( mod SDJ\ - If" - module.
: g“ - modude  sbruckure. —EP[Q:] - struckure.

X X
MmN s Nm.n ’ EM =% Eﬂ
D{C\n{{-{Onl um = i’t_",“ u“_ - a Igfgw]—mocbftlﬂ ZF[Gw] < A(gw}

Letk G be amy ?.roﬁ'm‘l:c abelian group, X o compack I[)"modMLQ on whidh G acks conbimmcuwsly |
Letk R = seb of all open subgroups of G. Hedl,
Definction: [X), = lamest quobienk of X on whidh W ads rvially.

| Clades: % 25 ]
RS HeJL

Fo- now, accefJE Huis, W owe howe e x, ?EA(GJ 4 has L'Mmjc 2y w (XJ“) ? has Lmag €
¥ " Z‘:[G‘IHJ Then ¥.on= (YH'YHJ.

2]

;ﬁec@u._ = Hom,, (X, ‘pr/l,,j. X tompack % Aiscrete. G acks onX S G adks
c.o-.'t‘tt'nu.ous% on ;2 (D"“(x) - F(O""ﬂ.l.

SHE
~ A i) A N -
X o discrete G-medule. X HHl(x) = Um (x)" ., x = Ym ()"

A » He ll H
X xX o ®p/z, . 2 2‘4;":()()“.

), (2"



! Su uIPO = 4(’2‘ u,\ i & A(gm) ‘Modu[é.
L) Weak way: use Class Feld Theory, and Steuckure Theowy of A[gw] = moolules,
¢ f&mn,j way: We will consbruck 2 Comenical A[Gn} - homomo rplisw (o: Up = Af(;wj.

I V n2o , chaeese g.,. 'gwudor aC/qu, ’ g: * gn_,' v 0. Cheese ,Suoln o ccme‘ﬂHl
3 55:‘7% LSal g,\ -1 s a Lecal fwd@f {lna.o ovder 'J of ¥, fer all wyo0.
dp e Uy, doarly evist. Fitmie Z[[71], € (%, = ua, (Fa is wob wniquel.

Theorem : JQSSume = (u,) 1s Gy o{xmewt oc L{.,o = ((_"_""_‘ un. Thea thee eristsr a u,n.'q(n(

power Series £, (1) € ZP“T]] such Haat F(5, 1) =u, Yndeo.
| The u,w(qlumesr is obuious by Hae W eiesstvess ?reim_,.—a,!:l’on Theorem. Existence:

?_«ﬁ (due to Coleman): We Wave given Zp[[T]] the TT-odic topology , where M is the marimad
IlM = (F‘T)

J

| Lemma: 3 M-L%ue map N - IF[LT]] = szU.T]] such Haak (NF]((HT)P-J}=YE; F(Y(lﬂ) -l)_
| Proof um'%ue,nesr is obulous fom WPT

Existence : ek g (T)= power senes on RMS € ZP[[T]], Must show we can waribe

g0 W(ltymPa)) for some he Z [011]

Noke that Y ee sy, glelim-i) = g(T). > g(T) =q(0) + (1+1)7 - g, (1),

since g (1)~ g(o) vanishes abt  eveny geMp.

-t

Clocim: Con wate oMz T ag ((enf-1) " « (Cer)P-1)" o, CT).

Tone Fa.— y\a]. av\ (f[ HTJ —'i 2 99\CT, V f@/‘-—(f
2 9,(T)= g (o) 4 (C1emy? 1) k. 11, Conbinue (nduckion,

ezl &, 53,

N (FUS,00] = o wa”ffn—ﬂ = I Flets)-4)

[ER TR S NE PP F RSS2 (T,
| P

F“ {'g“ ..|] = U, v nzo | N,\M_l bda) o . R need NF= F.
Floj =1 wed p. (RIS, -df & Uy,

Take Fe Zp[tﬂ] Show MHF (k- oL, ) ony evejes b some he IFCCTT) Then Nh=h,

Lemma: Assume Fe ZP[CT]] sakubes F[([d—TJP-i) 2| meod ?k ZZT.[I:T]] for towe BRI,
| Then FT) 21 wmod o® Zp[LT1].
M Flr)= | = PM n%, a,, T . /u‘&o , maximal. 3 an !:Mte‘j{d' v 20 suchh Huak
Q,, ., Qn, aie Muisible by p, bk a,€ ZF‘-
?’5 oy [Cieis®a] =, T £ 0, T mod pZELITIT# (147171 = TP 4 (berms all divisibe by -y

so (3 £0 mod p B[lT)] an a, isn't Se Fllum)f=a) -t = p%xh | W dp Zo[lT]] 50 u2k.

"



X

b oo ot in Z,[[7]] <> €le) o wat in Zp .
NE o walt i Zf{h]]_ NFlo) = WF[X‘l] ¢ er-

Lemmar Assume that € s a walt -Z.f[[T]]. Then For all inbegers h‘>,o' we lhave

R
h‘%f =( wmed e ZT[ET]]

RE _ NvRp) n2
Preok - '\_’F__f' - NN:"GF. N{[::'IF” .'“éf , S0 we way assume R=l.

NE((enf) = (T eSCen-t). F(Strep-1) € G (W11, p. = (%, -1

So (k1) -l = ST «+ X -1 2T mod g, -

Soe F(S(1+1) =1) = € [T) wed Yo.

So NF((4T)®P-1) = F(T)F wmed %e O",.[[T)j = F(T)?Moolrz?[ﬁ']]. (%)

Caim (38 = E(TP) mod pz‘;[[ﬂ]. Fov, we bhase Lo, aa T )P aund qf;q; med p.
So NE[1nP-1) = PP wmed p (M) Bk (1+1)P-1 = TP wed pZ, (0131

5. o Rl )P = 1) aed p ZpL011].

et WMz F. Then WTJ 21 mod pZlLr).

Lemwa: Assume Wb F sakishes £z mod pF Zp(LT]] For some uateger R 1. Thew NE 21 med o Z[Cr]),
Proof: Sublices 4o show tuat NE(LITIF-)) 21 med o ZpllT]), e wave S(i+T) -1 med g,

= F(T(Hﬂ '!) = fl1) medg Ph Jm[tﬂ]

NE(LLmPa] = £ med p# Z[IN] 2 ( med ¢ TlLT1]

:Lemmo.: Assume €e z‘: IIT]]* and k, » B> O, Then NhF H th med PR'H Zr[[T]].
Procf: By last time ri";_"“F 21 wod pZLLT3]. So N™ ["52F] slwed 4 LILTI].

R,
z
‘Comugﬂ: For .eaclh F e RFCCT]}“_ g7 !E; th evists, and satisties Ny =g

us (uv\j & (li.m un. Fu(‘sn "lJ = U, ’0‘«'\. For €aclh n’,Of 3 E.,[ﬂe EFLET]] Such Haak

Fn(\sa"l} =u,,
Definikion: 9 (1 = (N"R)T Vw3o

INRFAJ § 'l) * Mass Ea [“S,. -1 [139 G{fp-'d\iwﬁ F""P‘"k‘j of NJ
! T Ung. YV ©¢hsn,

CINTT g (S ) 2 INFTTEL (S Y 2w, waad o
INTTg N s N wed o™ ZLI(TT]

Y
Se N”Mgws g, wod p™" ZP[[T]].Mi
T ‘gﬂ—l: gm("fh—” Z u, Mod p Ojé“ . own.

] Fixn: ME;‘: Gom (‘gh.'l} = B s Howe gg"} a ZP[fT]]

COV\,\} é«h:j‘e,u\k SubS e:-(’..‘wce EQ‘ML? 9‘“‘_ “5\'\ € Z?[[T]]
W f“-1, U, Y.

' Logaritiv mog in Lt 7’1“. log - 1+ = @ ITIT. FX)= T+ w(r), W(T)e M = (p7)
log (F(T) = Z t-ymhlD)



we fugfele, B 15~ =0y, (LM e 1+ M.
| Delinckion: L, (1) = Log K(T) - %‘Sg,uf Leq R(f{lﬂ‘)-l) € &[C1)].

- Lemmar Lu(T) € Zf[[,T]] Vue Ug, e
Rescks T 6 (S0 -] 2 (1) wod pZ[CTI]  Lek W (T) - TFT"(?(_,;T.,
W, (1) = 1t pha(r), R, (T e Z,{IT]].
log W, (T) = ng () f-_:-ﬁ) e pZpLvl] .
Clavim n?‘P“ ¥V w2l
b (1) = 5 Gog (1) € ZHLLTT]

i Malles's Theorew: ek £ -EP -3 C? be any conbinwous Funckion. [T\nem Fle)  canm be
I v . (=t - X ~nil)
writben wniguely as Floj = 2 aal®) (T} al® where a, [F) o

nf /

s n—=w

Prock: a, (Fle D'Fle). Af(x): Flret)- ). Vosd: o, (€)50 an u=sa

G“vw/«*é A(Zp) let <, 25 'r( ) Aty (n=0t,.-)
s (1) iz fc GoT" = f(|+n A &)

 Here we Wave a wap: /\[ZP)—é ZF[[T]J- totally canearcal.

Lemma:  RAssume F(x)- Z_a (B(%). Then fF(xl duln) = Z Q...(ﬂc,,(/u}
i PmoF fF{uJO‘/&(x} T Z—Q (F) f [h” d/q(x) = fﬁ (HC,‘/‘)

Exectse: F EP — (P [i) n{ ( Olj.(r.ﬂ - A“ Flo)
iy z{ Fduc,., = Fo) , e Zp

Recol, we vad:  A(Zp) =5 Zll7I]

| ﬂ..—-ahm-iffln)dﬂw
A 5 w(1) :

0, —> 4T ‘E{»Hﬂ alﬂl” = FG)

_Notaﬂn’on: X’ open subsek of Zf' )[d/u. ::Z); £, A/u 3 /“‘A(ZI’J

1 C( e X

f;‘[xJ = {0 FaedX. O<ks ?'\-( dﬂF[‘rj,

J
# R*Pﬂzf'
oy

Pl - kg Cag (T med v, (1) o€ Zp , wolT = Erarlt =1,

Comui.nj "R;pj‘-‘ﬂf d/"‘p(ﬂ = Cag (ﬂ?l’ osk¢ -l)
M-‘ Ob%sious. M Mo . /\[T-P]
L

ECME': [Zzt’/\nzf) , &> image £ T i ZP/P"Zf-



e MTp) . § = characteristic Funckion of T

,DeF\'nC{n’m.‘/ﬁ is defined bgj’- _ZJ;F(:J Ol/ﬁ'{x) :;Z{ Flx) i(de/J(x)

goa :"q:.a Z‘,x c 2_7.[,‘

Define Vi Zp[(1]] = Z 1T by (VAW = £(D) - -;—g&emm)-.l € Z,ltnJ.

Lemma: For every F(T) € ZP[CT]I we owe /C(p = My -
" Fopir
v R r = r 9] v
= : o Y w2l \awe d : :
Ay hg A } 2 S Rip"2Zp ol Zu f“z,,o{/‘"c YD
"f

NV =:f" Can (1+T° mod w, (1), ,
e So,  JGp - HMule) -

\)ec{n£Hon= e say M e I\(ZP} i cew(:red on Z‘:‘ ;Fﬁ:/,( B
/\[ZZ;] identified with a subset of /\(ZP) @
VEE PERTY | ag

IF(&)d H J" F{,'J, d
Z, Mo z, Pl

az (u,) € Ug = ,U_Mu,..
Fulh . Lu = log b (1) - -;;S% Cog F [SOem -1} € 210430,
Lemma: Y oue uok\ : \}[_h = L“} e s ceabred on pr‘

Heof: pe o Lulelum 1) = g B fptisn) -] - -;;A(Logp.,.j , Vi, = L

™

il = A 7 GIEL ) D TS [ primitive ok o1, ST 55, V]

X ~ =
M em € A(Z’P © Mun T M

DeFinition: ¥ we Uy , Lno (/u} € /\(gw) is  the Mi%ue measwie definel by
btt) = 2 70 (7] Al (o).
Nheg gﬂ

Lemmas Lo Uy = A[G,]  is o AlG,)- homomosphism

Proof: ) w up e U D Fuu (T 7 (DR (0, 5o luwg (772 ba(7) + Lo (1),
NeZ, , b (05 fulT)?, so Lo (1= Alulr).

by ‘;oo = \ﬂou:Marp\u’m ? e gw ; {:qu - ﬁ () ¥? —1)

Tl ¢+ 2 % ((5)Y", wweZp w3 - i

So Ly (Tl = 1l (w) € ALG,,)

AT S g,

o 2 4T

Y, «—— (1+7)7
S we Wawe (4 Ux ——?/\[g,ﬂj. How close is € 4o an isomorphism ?
0= Tp(w = Up =Y 4 e ~ Tele) = ©,

! ¢('£_““./"P'



Thesrom: We \ave the canonical wack sqquence O~ Tpl 2 Uy -2, NG, ) — Tolu) = ©.

I o dulcd
- ol t»gﬁ m -3 2, ok (Sten-)

t in = 20 Thgf [V&r)} ALy () L) .

n=
w

Obelows taak Jo IS suryechve,

Cladm: Ker ((w) = Tolm) € U,

1) u= (g, € T?(/*J . (ni' g A v w2o.
Waly (w) =0 . u= (3,)° For some oe Zp , te ¢, = ‘S: foi i . & Bins G’
Recall: NE =€ o B (111 -) = 32:? F. (141 =)

bilt) = Log Futrt = § Lok [SC1m -y Solu(M=0 = Lyluzo0.

) us lua) eUn with Ly lw) =0 e plgfi(m = € (CLerP-1).

ug[p.. m° ] - 0. e F_(TJF P N (A 1)) C‘, lo) 2\ wed p-

fultiem®) :)Zguf = Upy w2
€.(o) = qf )

Lemmat \J w= luy) € Uy , we WZave £, (0)=I.
et € ([0n1-) = TR (SOm -] . Bu s & (pgar)

FkEO) = Ni Q, (‘(D) = Mi\‘vr {H“J V lﬂ?‘.

= M§ |® [§ ) /U\f__' X (m E' Mmool f“H \J w2 0.

x ¥l

@
P X Mpy X (\f’p?y)

g adic (dqmr{’:’hwu'c deri{vakive.
u= ) e Un, To deline the kth p-adic Logartmic devivobive of « for all R -

E (1) . Dot take [,n-) Leg . (7). :
~ TR S |
Use T= ¢* -, Mdd.—r. Leb b= (1+1) g et B

Key definibion: Foe cac &3, Sy (n = (0 ley F () () € Zp.
i (°\‘-' L{.n = Zr.
C‘«Wu.r Weno mosplaism © Fu,ql (1) = b, (1 R, (1)

| Lemma: Fer each kYl and each o e Gw ,  \have gh(r(u}} & ‘f(V)kSk lu).
okt Fopy = & (L1am ™7 -1)
b lrtw) = (p® (o £ ((wr;ﬂ”qj) le) = ¥ir)R (p® Log £ (1—;) (o).

Bropesitlons Tov each w e Un amd @ch wabeger k21, we o J& Yo iy (ul o) = (1-p™") St

OWM: J‘W‘ tw :O_
_ é; Y¥(a) dbw(u) (0] = (f—fa) S,lu} = O

éh ‘t’(a"JhdL,.,lq}(r) :zr\,! x* df*f...m (%) :Effx"alﬂl“m 6, = (D"t,,jp,,y,) - % (D"Log o w0 o) (1= 8 fu)
T
Frow founu{w) r@?&"“uu...




Now, L.(1) = tylu(n = 5 logh(( (+1P-1).

Ewgasigow Lek F(T) be Gy e,l&we«k of’ 2?[[1‘]1 a,ud (P_,’:/Hc be Hie cowej?cn&{wj
WAEQISUWIE (A l\(?y- For ald h>,] we Vawe: {x d/( (x) = [D"F)(o)_

Proof & Lek 9 be angy element of I[ET]] . M ef\{ZP) D{Fme v by: for Nfl) Zr-: d:(’: et
_S'-({:}dv = E{ ol (1) X d,u W\Aak e ?ouu sees  conespondiig tov’
C‘a.mn V@—a (Dg) ). \¢, (Dg)(-r)- 5 e f (X) oy,
g1 = i ba T, Dy lr) - z; (ng\nm.,bm,)r
Consiter L Tl g Note 23 = e (i) #n(S] and b T dug
so0 en Suhsl-‘ku}nm)’ we qet tie claim,

Aply to: {Pdﬂk = wie), AlZ) = T . R Hmes  to geb vesult.

' Loo i
_Recau we are t"i"‘& to show O-—)T\,bu) - Uy — A(Gw}‘d—* T,:l,.) -0 ¢ ecack.

Huwst show 5 (w20 D u=lalu.
Jo Lu) =© &S éﬂ W) d},{(o-) =0 Y gn = ZI’
M= Y

o Z{; AdV) = O. vV s a measure on Z, which ¢ cenkred on -EPK . Ve L‘v (H GZF[ET]]
Y cealred on -2; £y \}L\V{T} """hv (r).

Se \f\gga'tkesis st Dinyto) =0 <=> \n,,' (o) =

- Colemans Lemma: Lek ¢(T) be any pouer sewes in ZpllT]] such that Oglo) =0, ie, ¢lo):0

Thew 3 a power secies F(T) wn Zf[[T]] with El0) 21 med P cmd 6(Tj=Uf’F(T) -%,l»ﬁ((urj"-t)

| L-oFZ ﬂaﬁh laker- ,t%¢ n  Prec. A.M.S €9 (I‘lﬂ})' ‘--4, ond  \pvesbones 63(1939) ) 1 - 6.

’prtﬁ s 3('\'} 2hy (). VW, (Ti= W l1). Recalt VE(T): (- ? 4 E E(SCier) -1

Geb Vg1 = Leg (1) - ¢ 5«, Lag F (SC 1) ~1),
: log F(T) ~ & L-ﬂ F((i+T)P-1)

! F(C1em)f 1) y
: Now leaf((1+mf-y) = L"g F(SCamy) -1) > {_09 m 20 5 (((141)f-1) :?T;? FsCim -1
Defne u,: F(5, -1] . Naaz {%\) Sty o WE lu,) € tla. Sa R (o () _ s .ravu'..'eol.

- So  we qeb Wee exack sequemce of g,,-wmolu(ﬂr 0 T, (u) - L{.n-»/\[G,.)—a‘r;gu;—»o (f:ﬁ?.).

<hed>

| 60\4\0.?{.01 C’.OVlJt-tﬂoJ'\bn' CE gw A e a{‘/{“ on ﬂ Q*: A ‘ . T‘;(#J* =

Cofouﬂﬁ- by wduces a canonical somorplaism i L{: - l\(g“)“

) R Ry, K 2 FF, Gee bl

Let %, - Qfl""f‘“")v En = f:{ \/‘n: uncts of E“ whidh are 2| wod P Se u: BV

Se Uq =V = Y\,

| ) Thee is @ nakural identiReation of f\{gw}+ warka A[GN) i SFPC(F!'(O.U:’ he camonical Slujeci'lbn

AI@M’!) —» A(C’WJ ™Maps Afg,ol* isomrfim'caug owko A‘Gooj.
i) =~



HSwjf..g crg__;{ﬂ dis) & =“§“ Adle) ¢ s Hie same as Saying dig) = dlcr) .
Sé e am veonle e ffec&ch'u-j eoveMlary as:

Giellavy: Lo wduces o camenicak Bsomerplusm  [n: Vy — Al Gey)
as fu,ye U, . o

Wi (1-%) = 1%, Elvi= T, ETls 1-liswy”

Coirechion: We wad w= (un) € Uy | pu('rl, claimed F,fo) =i — False!
Eftwmfey = 06 (St =Y, B le) = (Ngﬁ,@r 150} balo).
This deen't affect wrlier Hiowyb: enf= fowmta) | se Bro)f =1
B fv (o) =l as f.lo) b wed p-

n

Classical cAjCQo{'.OMu‘: wilb oF K, - G(/”r"")+ . generater of won, s 5. Yayl
DBC\'M'an: ’ﬂne smmf oP cac,ﬂo{ouic uM-HJ a? K,‘ s -U.\g t'ut'&fftej:{o-m wz& Hie uandt 3.'\:“1:
of K, of the ’54)54&\4{ of F_,,x czg»aw&d \05 Sy. aud | - S,,T , where e G(F, /@)

‘Mo{ja,!r{ov\-' J-v'- wiu dm& a}«_.) Yek oc ﬂf,veseukaﬁm w /A dp 'Hue dﬂ.ﬂ'ﬂ (Z/fn“ZJgfgﬁfJ
wlwh oe wet ¢1uzﬂ + |

T.-a g S,.“ 3‘4« ( - gla ) ‘
,.‘“,f)=f . € (a_) > :S-:-'——_i—- e Ka, o R{ ) Culal o wak of Km Cos; wery {qdp}:L

Lemma: The u:)d.o{owic wnils o T, are ge.mwnhao‘ by -l awd €,le (aeJ’n}

L emmg : TL\( 31’"'«.’3 op CLJUQ,&'LOAM‘L Mb’ OF Kﬂ Wud,«id 3 5 %ZMQA‘O.M \zJ sne elowenk
over Z[6.]. Spechally o %mem,{w is qiven by @ulg) where g is  auy
promibive oot acodule p*Y,

el

(frocks Lap)=l. 2.° ia. gl e T T 9t g (=5 s
en ‘Q.) = SU\ siE 35 J o 'Sh . '--—'—‘_—xz ) = R x“ J ( (= z‘j‘- J = .
4. = o L Q”\
q'-a & rfsfrcd—don b K, of a-ujrﬂmw\:ui’w aFK“f;) = ._I l'S‘: 5. _—.-—1- 3"29) SL = ‘o /g) b
e =3

v Wicke oghs GF/A?-»( by fadsivg o powesg g

Lemma: For each w&fger o with (.Q‘r)':f' aud all wm2n e M‘“’n (eM(q)} = € (a),
.?rocp'- ™M= nal. Htrvv:\M-ﬂL e%blﬂtl"r% 'G-J S\n..., &V Fn !"IS Xr“ Sh:o . Nn,n-ﬁ (Sn+1): gﬂ

Nowor [1-350 71- S0 enlal = 50" - 550 2 Ny, (6] = eate)

- "lp- " (p-1)
w3 e B o [ke) -

! T‘nﬁorﬂm ((ee wap\.mwg{-en) The wnls €s (a) ) For qe .T.,,’ oxe muiirtfucml:wdg ‘:MOQZWM
| , the wdey of the sebgroup qenerated by -1 and €.t (eeTy) (a
e Euld gieup of unds of K (s frcu_sel«j the cdass nwmber of I .

Moy Cover



Cychobomic wundts oo all v simulbanesusly: (enta) €
Definctions R = { (0, a)eZ, (o, a,) e
“ecl'“(‘lﬂowf W wedl y F[T:c() = (:-.-nr— “l-ﬂ']-q': = Liam ™ )".}

L emmas: Fo([‘rj € Z‘, U:T]] amdl £ (0) =1 mod P
' frook: {|+TJ-M- (1+T7) U s - 7&; T4 lm'g\mu powest of 1. (Coem'u.‘ewf:f ).

ne

i v " R
$o BlTa) e T & “Et-h;)“‘ x g(T.«) , ¢ (To) € Z,,[[T]J . 9loa)=l.
Se, Flow) =l mod P becarse ’[T'a?': =zl wmed P

L emma: FB, !Xn-[) is @ cﬂd.o{-ww‘c wait of K.., wlaich s 21 mod P, , and

s T IR Rt E Y.
[C(’f,~l,c¢) < :‘I!{ e,(q;;“a]

‘Dec-'.\f{-'aw! (,\= group of &jdp{:onm‘c u,vu"cs of K,‘ which =l medl b =

Mw‘u (Cm): (n. Ch < Uv\, C:': < V. W =("""\‘m}
Zp- subomedule g rueiated by s

Delation: X, = cosure of Ca i Y on bhe podle dopelogy.
© Tp-submedule gensrabed by ne f3-1 v) el

) eQnibion: °tuu g :‘.'_"_‘:‘ J:h 55 Vm’ o /\[G“) - subuwwdude,

fin: Deleninn M AlGe) ~wandile Vol

P bmedly &5 MG, Gl ¢ ME]
W, bnlwa), e AlGa) 4{ ¥ ducr), k=246 -
- Caledabiow og‘gi ‘*’fr)de,.lw.,Hvl, (k=24¢. )

;?rogosﬂ:{on Tor enery aedl we have G{;Y(w}k Ala{wy)iv) = —ﬁl-ﬁz}{f—ph")»;gu\_l-(qu-jk

I For 2l exesn w\kﬁzu R22.
?rooc We |fuow M ‘r Y{ﬂ d(w( o) (7) '(\' k‘} (D [As

w9, b= g

F (+) = [(mj ) -([4-11“’)‘

\ '\"T— = C. . [H—T)E J;-

Hemee (DR ug,ﬂ..,mltal = (1205 Gy £, () 1o}, Re2g-
1 LIRS

(’Wg € -'” Tr [C’ iaJ!-jﬂjl_a_!a;E v ) ( \ = ¥ )

Ababen (0 = £ - T e (e -

i % B, .,,..} E i E Gll ([Za - 2 _n—r) k-l

f‘:‘-— 'n~¢ n.'— ¥ = ITe "'lj qJ (hw ) = { q) z &

‘h (o] %N& MM as EV\.JI;O Bh =0 be kR odd >| ' : i h
. ""‘ ""h kh' :2: ﬂ']“q" . Se [5&) Lo'a[."" ft’;wljl‘zo' ﬁ i gj " (244')

Ne h‘“! S = -pl ‘3""‘ vesulb.

S (5., ) “5-3}.

Wt et of Tuf Tz &), piel,

v b3 -
T e, w En=0 ) G (ap) =L, ly }jﬂ;" Sl medp f.

= 24 T [M(u‘: w Zp[CT]]J = -2 Tyh (r)], hive ZP[ET]JI hoto) =t

, lh=2es.



I Le-opalcu" Kubota - lwosawa ?t&do-—mev)u.r« Mg’ lor-tug € A (Gl Ve Geo-

| wasawa's Theowem: Vw/[aﬂ = I\(G.ﬂ)/ﬂsj\{gm)o

‘ga W) dug (@) = SC1-k) [i-pR™ T
NGaly = Ker (AlGA) > Zp) = au;ammtqﬁw ideal.
Ne NGa)y, then Mg e MGy).
\ k
Giw”rf;dzAmyf,; : [6{ *“f:’d,ud " (G{_ U dd) kel
S(i-k (1-p*-']

u € Z;‘, Vuég’m, Yioy) = u.

tT. = iwmege of T, n Ga gw /<’l,c).
we 2. T - "J.szr.“.i Via, . J-z‘."j o > Yy e A[C—w}o,

Lflk (¢,{) = d_zz::l'\'lfijjk (k& 1, kw‘_

z
j G:[ ¥ ) d B le)

Conclusion: V¥ wel and aldl even wmtegess k22 | we Whave C~£ Wﬁkd{mfwfﬂ Z{“’/dkd{ﬂ,‘!g)(d.

> lw (Watjf @a{/‘(a.

| Lemma: We con clwose we J2 such \:laa‘,l':i‘?.(’f caememli Hae augmukal-"bu iolead .

o NGu) ~wmedilen.

! _ i r "

\)uo/.[w 'Aﬁ '\(G")/A(G‘n).,u\s? 'Z; & l;r {z/p""l) .

CGw ¥ Ty /i

¢ ang Bxed dopelegical quunsater o Gy,
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