WMM%M;&JAW ifogse s pen?
W(Amlx92)=% CZ)

’F(KW”‘QQ):;

-[F(P?:/( 'u»—dtl/((;[ PM):Z

—For o fierd 4. L EZCX)
E(#iKéFf ( -@(&é=oj l P M%) :'lZ

""/5«:0*"4/ Wﬂw E/Q/
Row AeesttE(Fp) Lelase for sandon FZ

- [P(EEB irred.. l L & 2tx) oeA%W) =Z
—ﬂ’(w(@:s“l — — =%

¥l =0 (/um(-«.)caﬁ «/,z Oorll > o0

- P L2 (K)=4 | £ /Mmmﬁe—r’wofima“\ =¢
4 § U iR fkd of 22y | |AM3e()| €T\ L2 QorT e

"[P(W(@W.X.o‘?%’&):g [ L(%?,fdpﬁ“>:7_
- Ele(8)) E L . corr® oo ®) =2



; 4. A, :
[ A, St @

G Qe o st Ao asalst LixsRa fumitin.

M(ﬂ-a.hz/@):
i 7, e TN ,{e)(ﬁkoi)v\f‘:

Plxe Al xeX)=FA

¥ X

Wv«ﬁwofcm-.
E (e | xeX)= é&#
(W oA also assig weigbls 100070 aondl ok Plce AlxeX)= %)
x€ X

I X bo conelle (2.4 X 2N S privsd, 10 L3,
ity we nirenk Pl | celN)=Phe=2] xelN)=. .. =0,
= P [# Soe given Q\g,,, 6 —addite for el ity siasnire
suche Mok K= Ex€ X for De T Vs foite for ovry T -

PlcecAlxeX):= lim BlxeA [xeX )

T —>e0
P .
P e M
¥ _ plzoy
E(Q(@lxe?o :;%@f’: E(‘P(ﬁ“(é)(fr')

/?'Q 'J’-e’ #;)(T-‘#/UC ‘:eg T 4 "T:_-,'; '/tp—&-u W /{,(-:w;f%



B 2) [P o M addifioe - &
R x e Ao a AL ) P{Ke/,:)uvm-\'(l’(xe/f)

&L As RHS eeid
B)E i Ritlly Limasr

'g(,\( (o+x N, S ) = N, E(LlOM-- €\, JELL, ()

L e RHS 2ot

N =
-
Ul wite order T Ry iwr(d=1x).
(31
Ie( x m\ xé%) ;—_.@ P W(KMMQXJ\") P e 3%

TS0

E[‘%(XMM\ lwez) E( {:{x) l xeé/uz)

#2 for ay &% C(@z) >R

Mﬁ#‘@i—)’—ﬁ.

E( € (xrnedn) [xc D) E((-.‘(x | xe@2)) .



N2 . § dguardree infreo ©
- :
W(KW‘QQV*U'{ XéN) = =

)= 4%
W( &4 7(7 /{ Y% \i_;) H’(CFKS*X):(/I’%)(/,’%)
P(34x) =1-5 IKT

P43, 25 hx) =(4- D1-5)(*+ %)

Sl pgenleee) = T (A 52) = 550 22 0.4
%WWW/ MWWWMM
B B ko2
Tha above argoment sbow= “e:
’gdr',a/w% 870/
F/x rquoclre) < [P ( p2hx VFsﬁ)C:TEB(/// f’(;?)
[g-éoo
v
";’(4';::).

W’ﬁf“"‘"&fi"
%M 7‘/“;"“2‘ P, Q»)l'c.rao MAP 9?/‘985,2)“-

— % 'ﬂD/’“f"[x -Mor)\.Pep cA PVp)-E TJ:TP(X eAP] xe@/r,epa"‘).



&LF41F2[’” Q&MMM# )
v A pppodk B(x % 1 lmod 57 %):g Pl ~ods)
.-7T (/[’ff,‘::-) :‘\,’0.64_




QL2 oL Thun
e

ar. AoRiws Fownsersic
F G xeT sgheer) =3 ixcﬂ _ 3 xe T 410) —HixeT] S0 -

A+ FIxET (vﬂlx].k,,-
e

RGNS LN A% XY
—

AeAEAT B&J: ;\;wm)
2= §(Z pB) T+ (40
W e

A% A
T %)
0% A 5o
PE T et
= 3T n Aqhree




Lorgecine

oA L e20y D2 o nowcomstimd pobyponisd . Ghom
ng 06 oquathed) =T FE (8 400,
xﬂ P x€Z/p*2

Y < o i)
SOs bo Pmoren Lo
Hog (022 ( ploitae precd)
Aoy (g) =2 (e~ley 1367
doy (€) arbiteory posviriiog Bo ABC compptine (framrclle 15583

N



wm

> BC(90: Vxe 1£(X9)] 2 3l0e).

2.9. AT """ 2T for Large ™
[TN=TxB(A)

ecg Land. gcc-C,

_€_Q‘2 Lo
3()(\

cw xom
_C[X‘): Oy (3[,d ; g(K) =



Z Spilie ety
ST o il regrnion)
& 5o~y aé@'/"z)xl

Ea.-m“-dv(u);‘ _/_L- = @
& l’rj,w(r o G

LA LK Lo o Pon Gyah. esh wwilhYfiwur &
-be;&-aesma-
%(,@):: i%(’ﬂf@}? ’R(Q/,mtm-eo{ﬁ-g
Sln 2.2 ( BRoRoctareo— densily HRooren)

‘—_____—-—'——-"

%Mﬂ Mé*‘oe' C/

= ot S BE
ngaek ( ({4)*6)_ #G A

=

R e orde Ahe 4 /er? dnir (= M ()

{M: #;ng and ARe,_ MAM/P'!¢
Plorel(Rl=9) = ﬁ’g».

Gde 3L K=, L=®(3), Lal(Ll)E(Z42)",

=== (Fur32) &+ a

AL on %9)‘:— (F Mu\IM%Z«/! Ao A speccak cane .



(10

o) A (rghres) 1o, & e WIXY Rdagn Ran apllthy Fope.
(C(,,,«--,(A,.\ ":Q Q-;‘C/Z"- Cr QJT’MM
Copom br €UL of Aogracs g, by
plitling T2 (G, le> £ o dogreon o2t LK 3p
g Car i e for Aistidd prcins Ry o
/(;«.D//é& ,d\‘e'a’*‘u’é l"qr"?l‘.».

U5 iy, e () - ipredubl B St
(4,-74):,&/);»%/01«7«&%

Soom 22 Lol Or o il LCOLON i rnad . pot,
MGEAchE\C/ L:k(o()/ ,{@*4}4—5\—\@ £ K,
8o, (£ e @€ Cul @)X Lan 5pb Ao i, -, e
R g hen opl Ao oy e il

el A gr yormatshi 7 €S, fan eyl Arpe (leger led 2
T it oL gl o Lomgplhs lenyooy b (ot leteelimi,
Cro  (122)(45)(6PNOesy, ~m= (322,10,

B8 aulle dre i) Eutiale e
T ?&(4,.74)-. ide ity




d!
Dovwmae 28 Lot b vonlpmn and Dot c, Mo nr. oL Aowssl
ki AE

WM[‘ - [c
et =T 25—
flréS (TMW )

L-’A :,-
Lon —';r ﬁD( __“_A)
z?t&w%& M;@@L(k4-gh5&m@%d,
>
AS, ,42,4”.57-@—0\('.5@760@@ action © 6

= [F (>

SRo oplitting Zrs K @ snn Do Atoriied Lo Tt
ﬁv«wvwzg:ﬁvé/{u K Lo o 8. /b{ch , n=dog (L1},
w(/ﬂu) H= W(/“”LB 28T A D)
mu\'MA"\L
Py Mﬂm%g
"fﬁ‘*‘k’"ﬂﬁa‘?"&ﬁmw %%}pﬁw@
/»»szwn

<ony <L)




w26 &QQ@MCXBMAMW}M.%Wﬂ
e i . . <
. ki %*"'7"’@ G ens, (Hhe obddig b giventy
Ao oo ARG om Tl 0 750D AL

E,(#§rtlite)=@

&2 pw A



T on B A (W'o%&ﬂ)

-
/ec;:o “)Qc—:ﬂ:tX] (-g/aloﬁu%*g 7%1\2.[({4,._/&,,\3
go A

£ h I 3

E (]T)Qm 4#0&7%7@(&4(-4,(4—6)

Eh fin [ ( fapfitl compbly) = 4T
Rofonse (PO= (x-ad(a) vt anaCFa
@l )= B _ = 9t g 4
4" %

% q nl
\/\/\__/



£02® pi P € lreducils) = 2 =

R £ce Lt T, := Ll . momic dog n 27
Py qela,. MA,MM P g(@u (vl A (W

Alw
ﬂf«gq{efal,em%a—d%o\ ‘ ('-Nv’é,&«@u)_
‘:—"—-> qrv‘-:: 20\'#;_-[0[

Alw
#Ia‘ 200
= =t = A T = 0
d A ln \QTVW t 2"
m@@' i
;M-Qﬂééal:\ﬂ !P(—,)
/W#I.,Léqd)
Cde AL, - ~Yeq? .
n . & /'L[o\) - g Qg MS8aus Fnoorsion



%4@
dogren-C
:‘:Tﬁﬁ_«s_ M f':‘ sy
C 9 & ¢ L l e,
LQ_%QQ_B L ((
2 z P (el fgro o)
[
Lo 3.AZ M(P(LWJ“ ( )
g = = Py Fypellin bee)
- (P(ﬂz&e“%/r@/“"f"""’3 - [z

("41"'!"" ()

C rqhee & M&(@)#oj

L ais [((_)( él )ﬁg/’r gy A




74!3,.,&% S rromic dog . ,,e.(’cacyj‘gwﬂea Z W

X" *a yoaX P ta, (“"u-—m'“‘r‘:‘oB

Sl 3 2.1
(Psgeam (‘G Loan %GMW%} = [
o T
Dagracn
L.e.: .C ,(3/:0-4-24. . .4.«...9(.»
aqfxyc“O Kos growpnS,
M?: X

(g (gmwﬁmqﬁbﬂ@ﬁ(% ,hs@ﬁﬁ =0
%7 [m%ﬂ ke - - "'“j

68 LHS <_T(/l/ P( Lo plillia Bgpelears) k) = O

k/—\/

,,_amn;cg (egltopillenst) >0
(g 3Enn 2.4, 1)

i



@ ATl &,

E Bccarn o Gl (O
jﬁ Lomedp foansyphiting ’%7@ (ley-rber, ;éamwerzp)m

;%f@([c _— r’)
= w5th. protA, %(Q)Cmmwp&

oy 2254 gl eyl g e,
L

Using o Large 4o (e dort: Gttines om Hha
M—m F):-QMMV[/ MA?_)/ mmm;

BH#S et mmicdgn | € oo folgrp 5] and [ LlTS
T,

R, ean
H LN e dogu | 1CUTS o -



%%&%ﬂb M»W@mﬂ ‘/M 2 /Mmég)

o Wl Foat AR g forilin A sppial polyromids,

— e o .

w 5Ra pol. £e ) (kg—'rx-»rv 2K +A M?ﬁ%)‘.\
WAM% ‘éCF /"&LM ~c_é()<3 X2 '6X+(é 3))(4—/1/&46

falois groce A (oplits sonp Bl o A (reedieible) , Y1,

Ao rofres
b Poor, (§o ol comptlitp= D w=id= 5
Low [P ( Sridiiaihls ) "’P(T#d):—-%
g—>° '

(P-Eez (*C-e meﬁ‘?‘z’{@ﬁ/f






o -
g Xeao
4-mawﬂaﬂjémﬁ?A@ﬁﬁﬁ4&ﬂ§*@w¢5
) ﬁg%vfﬂhf—ixéﬂk“z \xlgm_ @

o SIS
|-:-//,,...)r’ N

A
treessino?
G o i
A o ‘
A: (/b -y | .o—e o o
At 5{70 ‘ sande T
4 =
v’""‘fvfew
,:..Jeﬁ

s
5—6‘3

Qo he
,d«) 04/\4(
232 ek
- B
(Sl \Vile'M'%
. V Vac--
- Dass 4 -V,
o b=
4:—-,\/“\”‘)4,
- - ’@"f_;”m
i tl'l.)

<)
?{ NM”./A‘ A
5 A i 7o
VR4 S aa
a—e "TJ{, lll
/ Eiﬁ-v-
AN AD

4, '

2) =
—— e pok
’ Ao A POV~



CerG 52
o G AN (pibsiracli s ok R i e Gt

o T o, e M (DA
2% cor QA (4.e. 3O0xvelAal)
o MAJO"V%{G "e“
"f;gj.ﬂ b A2 (W”AM) LA Poea Qubl Paflice
8- 2 har=X _"jf,(,lﬁ)_-———— = /
covol (N) "
>‘ >\.4 My = v Wegmw
%M, " " oo (1)) E u

M{,\)Smme(/\')
K2 W= oo Dull o #3022
Z W_ 2= s
—Me(u\twf(w— = 410,(.( f«c)z 2 2ol A 2eorsl(A)
V"'/"- =g ’4‘. A"|"')*-f\ ! h! ,\4--">\v\

‘l;



e
e
ML .0.a.Vq v, ae Ao Fodock Brasis 2L R™.

4t D= B(D= fveR™: <3 .

e o iy T AHe Vg 2 Rador X
> X4 bmi—ﬂw M,M

2 3e s A corrhe R (i) A 3, (idar %)
%W%-QI:R“"—%R‘, m
4@/> L\(X,l,..-,x,,\\ € >'l U - g{\ (x'l-"/h"'/xv‘B
Kot powne gA. 43 R —RN
4) = @v@(h(())) = AA.»—AM' ’U'U'e(U)": A,,-*'An"f‘"e“’().
@% d’“" = U/ M‘a o"l‘FL? / Qia—ft-';L-'""’i"‘/ ¥ L(:)
@g@,qmi-/ea cood. oL @ @ p(aly:= “f:‘f?:_éia
Lo Aj(ai— k) =+0. = rﬁfjﬁ/l
By £) gk dtaArinnsle g, (e < A, g binsre

> Nl Zivor ot o Oz W e py s b AN
= 'L;O{CUI)S_ Aavo'e[/o

\|

Z“



&, prove Ha Lose. 2y
Lk 5§=‘~" @ Ry, —+- --""[Rvi :

&[/ Lie U —= U v
x T :2#510"?' K'—'--&(lb

A comre s j
Un@*"ﬁb} \

£, (a)ms% Ww Aoy R

A last coord K Li(0) a2 3o~ an.

. \— R"
K> N £, 0% (a2 04—+ (NN, D660

5o Last uei ansirands ovlly Qopsdm Ny 1o S
D), sord. R A Pk ptamenatha s S
A WG+ (A0 ) e (A=A i =\;x;
). 38a st R Pirsh | sttt koo o L
D W O S e N T e
fpoquality Becavse | <1< Afn x €U) - (1



Lot € N2 Lk A'S [ oo Mo fabhe apanmad Lg
T diedtzind Banis (v vi) EA.
%/ E/"—/(‘jétd‘.

@ HW O

—




oo AW TEne oo ranin (b bd & A w2 | 2 A () &
/’__/ 7Y

8L WL,,,- b, Aliattosly, dossonns 1wt w0 o Tt
b, br & oer Atk Ahon ranbn- = A Lace A Al R b Rlay )

2 M E’% L"l""? 1= e
a%)l’\/é/l Qe j /Y9 m««lﬂ,r\ ﬁr-mwb,”'—-, ',A'uﬂéfu(V\"' p
G Ve by R 2 Rt 28 A (Rb .- Kb +R V)

UGHe b2 xybasc-t Xy ybioa e Y Ve

T/U.Z.a,g' OQX;C/‘ e

5 = L‘c: (L b |+
ved =T E€Z >yl ) Al

—f)\ o ,--\—)\‘ 4_(,)\ <i X-é*
1

B CAS Lok (vyyv,) 22 o G Ganis g N vt |E) 2N
L W= x Y, 4.-—* XV {x o=y Xu ék)
A1 [l et (i1 o= PR

-

ﬁ (qu/\ﬂvl’”-’(’(’(u" Xm i

il IX \ & ,,_V-d-!—-—""’,'—‘ lw) (Vieal-=lval Ry % o
| Bt (40 53:‘;’% .
% A



-

@% &'auj.p,w Qra‘«;(lo."_.,low)mﬂporeM
s o = x,‘\o,, B XML“,

wler = x| « X
(w R >{><|l & r Vi) = #{w? «(%M)"'(L"'4>

\sR | wl > (=
)z) # 11 = (£

S
#ix.ez Il
R ___R
. (A,ﬂ' T} =

Oc
Sien !

-—




Tn (22 (Deepertlo don) g,

Befocence: Daeoyert. Coa Ba—Eﬁ -t
| (+ Lorrégtcdim )

GA C2A) B4t A < R po SEERTB o 4
| - x,) 2 O {zw&,of(/ﬁ«aﬁ)d.eg*&&_ »
e shset S =50, WS LA Mg,
@orme,vg

3 Ao coodinatzy,
S D TR et pm
(K.,,...,xﬂ —> x‘a' Sk

[ £ 1;60— (‘ITS-(AS) .
&5 #(2" A /4) = —u’ﬂ’e,‘(/‘)"’ &, ( S e >
| Hep=l

2
S A= SlOmwd | xgrya s RS

A

sl (A) = aral =g K
- R RS> & (R)
T (A) = C R, ]

Ko (R)
/ // & T¢23 (@) = £’R| RE 6}(/{)
L / Ty (A) = §x3af

#(2%0 A)= v R &(R?)

dorgorbi b AR = C.




?ﬁo&m‘%
Wlutates Gt by Hhis enargle
(z2)

f}j:x = {u)’l X *@Y‘Rl}
(Z20h)= & #(Txn ®

X‘,GZ:
lx“é R

( Ay +Ca(/l)>

xéﬂ
(xl&R

e é’ g:ly + @(R<AN)

R
= CCayde + (3 (R+A)

-R Tx

N — T RE+( R+
e SRe
MQ-.MWMM"M A,Zé )
Ao pontteon argomopd(100l algol oze goomidig)

Gade

ArCoar Lore

frogtl MMM oy can Ko foud
prrinTiie ponisks o Lrosndol W(Mz:sﬁ



= L6 /@,(A,M

2wt
xeZz" o
md@% -G - R— wa ‘ R-Sp&)d*)
L i /{A /p""'*" albeoue s p—
T,

’jrmg é 'C(K),M 2o A

we Z%

Pl 423, Loduoy nmsit.y &5 S e
g

= (== Ctw

e’ L. cZ"
2o, CB)= § oody amd e rermaining Mrms produce e
"RV\

.a,-rro-f//trrw,



€D
S O st gy CE ot trom
/Q\ CRY— C 5.~ M% (im r-o.f’!-/ f(-f)((‘;lq'k

o AP &
P£eR"
Viz0).

s Do ZH ML) =L (M)
Pt 7L = [k (A -(MT"E . |
"_ZQ.MQ./’;S &*(1M“A(MW‘MMMM

a1 ™AL s o ) ‘
St R{K).—:.C('ﬁ\zm (go"'ﬁ\ k
= L= R""-Méuwax + 8 (R) por Ro>e=.

xeZ" 4
A e 11
SKIP g oes
f \
S AN " A
Lo (9= R"- @iy C(RE)
= L (K< v<<& R"l" = = < R-*
0#652“ By,
Parqg orough L

D Gl = A" L0 *an—Q)'
Ceradw -

e ——




2 C(X)-“-": & ' e x”—-—ao.
" Cerote 0 0
_{‘.——'(—A\— ( ‘SRgfx)dx ""(}Qu( ,.>

R Lok vy Vi D2 o Drasis RN 2l \vr [R5

el
/b(‘-'—"' ( : > =D A= /L{-rZu
--—'Vm_f .

fisE o= = W0 = £ Pt T4
16/‘{’—2" xe2v (f‘(‘\") "‘_C){xﬁ o;.-e;zﬂkx—v;—-
2ot (A)

Main s = Z gAY P Sode £
%W&@ M MC‘A,\,

ﬁ,’él«/\n-w £|

ﬂ>ww/ﬁ~“ <<i?‘ >\:k l_él—lc. g I le
i T ey ool
4“??.90—:?(4
& - L

Gl -
@Wm pollonn g letting A= £- 2",




M poneeR
4 cesoful
,co,ta—
Lovraidar
wroy
M;L R orea 'é&mbww St
with
)
' »e
e ﬁf)@.gée‘(@‘ﬂr "y | -
ﬁ‘\ )%S fﬂ wilth. Q’%’
b@ : (é) :;,,g ef” (Q & a
,&);?Lr(ﬂg)g Q)-ga;ﬂ?u) xg)(D= . ﬁg
: | P(x—b
s s Pathdy=( .
ﬂ% [5) Cl@glx
pora Tl Al & %
g is ol



(37

@ngjo&mm&Vw«/itérdjedf’Vw;Mrzftﬂ;ﬂaewﬁﬁ
g S (GBI R =R

M@:WM

c =R*
axbie® (a)b)

o0l ((2,) S L [da ">

by Praitional +30a07% a Qe Lotice <esth
,Jovve(ot): A on () 'WQ(CP"_) "
@ pLoY - Zg.g, WS T,
( (212, By b")": m"‘e’((“"‘f’ '/! “m‘ l\ b.| f"7“’ "1_‘)

L er"{ Cr‘!.‘

M'g@ P d<ld-lyl

gty

s 438 N\ (B)=4
@Q— u;_é‘l/‘ml =A, "71“;01"4\”\43, Oﬁxé&a, /‘_{l/()zw\ (X)l -.-:.T | 6'(’0( g

- 6: Ul

@ = (6|24 (or srove & = ¥z /. 0



BN
A () ¥ AP,

Ao (Bu) X v
N3 (0 %1pg .

®L & M AP RAG EB, Lo indep.
B Yol Bocase MAAh, Koot 3 |t g pg 0

ok a Arade i A - ,'1,-\.;‘% i |

m'(pv___v:__)"—f._ W o ordor dogree n rkmllar Peddo K Sy | dioel D), A &

Mw eapetid Aok [, ( M(C&A/A,(&Qsé @MD
(M-Porus';,ey Bhargaca, 3 ,;é‘f;";b/! . R

°@°<E ¥ S SITLT D Staga w-mm,fm

Coe b risnlar Qe R price Aagree

o) Sy,

% o q.z.aj,glfb(&.a@a W;M

i

B N\, (0D <)\ BN YA=i3snall is-As,

ornnrnna 4384 (luiltrpheedhioe ' p 3Bl
W(M 4 gosalinalion o s 4o T, ATt

LA U Qo a priwitie g Lomrider @ —vedsr spaces OFAESK.
=> dim (4-8)Z i (P [ W i (B =1 | Pl (1)),

- Z:W,,,uu.z,
@,, 2. 0y ack for acd beB

—




@%—?——W——* LA & vy Ve Po 44(1:&51‘2;“9,,@@03,

Al'; <V4f‘"/";>~
(Sué,éée, Sercnna, b (AivA) 2 i+3-4,

&

A Ay £ opannmsd Sy 2lomasdl v_vs €U, witlrs

lvevs) < B lV,—\"\/;Lf‘/\rks s,&;,\j_
= ’\H{s-A 5/\; >\j

' S v dee (A)

diw (A) =41 /}_x.an-cu— PO ADIAANL M(A)Zz,%

’.\7_\"5 0="rl9€8 MVG‘Q—AbnaB
wab"/‘“o%' QB :

&AQ/'-_ VaJﬂi:Ab- VO-‘-F[GGE
= /-“o caB Voxb € B
D A-B < aB, = %L.s_c.g =>@(%)-B cB

“ ll’éi @‘ »: lc‘ a (./V\-/
' ’ =um%£@?

L(M
,&le va'b :C‘;A‘D %MO:{?[«:G@

g e o g Ko

2

mtlt:l‘éf4 m-%

M(A B> 7"!“ (\ﬂl_'_,—ﬁl-‘) 7 anatan (M(Vag TM(WQO "/f AL /L‘-))

Saba-8 otwwuma@
P T T Dy

)



Befproare: Vmckoolli:



€. Sondammtal domaivs &2

WWW%—MM%%M ki G es X,
%—*W: & o, %Wwﬂ

6L, (2) C> 3 frnary FGI Qs C(X,Y)af,degt-&n‘ﬁ

LG adt o @J.@;X-—amaoﬂ‘a (3 £)(x>= £ (7K.

%D }#MM_%GC})(/; A../@J,.F,XART;O /_\‘)L'

v - :2 [-E.
WM

G 3pC bk, (0n o HR T o

o e VT 2R R
/F’ fof'f) Q"
od e

y 56 70
%—%- -C(K3=§»:'rz. N ec-f (i'—"’/{-gcb rR

(74 ,)(<O o«uﬂ‘

' 2
ce by N P d@w.m,%@" ﬁ_&"



EA qop - " A =
o E4 422 Pt e i

X xeX

Ao ,Q,/yt;w: écft(

3 %
41‘ 2 ) = é 4 = —_—

B iR G o Penile
Bt A3 (s o P dome. Por G oK e, 72

oo, £-4, fio & Prowd Mo fr G S ASX .

B) 3@ ¢ s o Rod. dom for G X,
7&@\3-‘: = — __ M@Qazgég-

\



S QA(K)A:{ == S f—;f&)o’x
X X

G hw O

e ol e /,J(zamﬂ e vl K C\X3
el (B\X) = CL6odx

;_gi-. psg Fowre Rusmd.. ells Dor A Reove s sows velinms,

IQ@t"w/’%’/’“ et so Lasy t’?":’&"“‘“’”ﬁ Lo +ept. oPoacl bt
Cartertfo consdtiect: 3
ad JLWMMM Dor 6 X fio a9t S X puche

. Aowr )
ook A< #%3661gx€—§§<w \eor-hﬁﬁascc—_)(

Pl SBis ir pqpiic. Ao #HOL (00 and N #(5a6x) <.

S;(x)s—_ 4/#ige6{9xé§7) j xe
e , & S .




e
oo Toramgy pullLtic [ o poff. forge el DIR)

AL Do MM.AM_%/{C;/R“,

| C=[0 157
oé % i O
_hH

005445

B S2 QPR e, Lok © R ol i o
B air R eIy ATl on X o 3P < > F msssurable

7’>¢%){éx , -C—(:l)’-d’ — @‘“\BQMI AAW



WMLM.M.% H&C;G,

Lt 7 & < [_4(6) -4 §7(_coal,3=/t_

(e = Se@qarad 85 § €la 2D (P drae
w
2 aﬂﬁé’m W-Mw Q,—c— Hea&
?'%f 'F’“‘: é C(b)'tlalcl“ = S.Cc -r,(c)a'r.c_

__%’f___‘ 2 R :a.e,u,

ik (ﬁ;'ea.ug (ﬁi 2
L rv“’“"“""e’ )
= (epld= (= (48 () b= gv(c)o‘.-c =1,

—  hed \'ﬁuv*/l Q

1




b a2

@g)tt‘( 22 a M@},&(&W G Y.
i e iRy Er= dage2 v ond
Dol: oo Jro - i x____%IR
qr é."j s———»ﬂaa(x\

4 : x >~ R
L'CE r—-—>2£oalx)=&8(x>?)

W’@a‘“# é:(ﬂzr‘a‘{r,))(__b R"‘n-&-rz.
Lot < R™™> SR

(éﬂf'ﬁ‘érd*rz\ ‘A '64*, ._—("ér—1+r—z

Pude  SN= Log| Lun OO

e

I paicalar; (8(0OF) < Y= Dea— ().

Goziz
W aza= Aoty H

('641") ér'f'h"a\ i ({'4/ -7 "ér,,-t—r,_-n)

W



:[},M £ J,(, L — 'iae(@rﬂf@“)" \ |Um(a3\"|’3
e
%wgm{(x) [P (& o A Pond. domm. for (37 > S(D
M@M S‘G’{X)dxﬁ "(2‘0') ZRK .__’_—.
ST #/4,,

w® (ff(x)f'ﬁ("/ﬂ"’“). = SLr =" C6, =T Ce, |

Aol Rt Aomn . MM‘U‘G’C 1&«:2@9 -n’b/mzmw

""&’7"3’”‘ o e o rrarialils R CJ ]
Wt oo s A R an x=tp® (2elR)
and e onits p£ C* s x = e%""e (%é{R’ Oetem),

dot € = ©azzgeiies 52<R™™ | s( <03




iy 77

... 6.2 #%Tg&wwwl No(e) €775 % %
,g,f‘r’..a zo.
€ Lhs=# gL ) .
= S 069

xe(ﬂ'“,
2 we M/ﬂbﬁﬂ;‘@d&o\ ()= =- 5-{?-(4&2,3327
Mo £ (A)=C(x) ¥ AR

M_%Mr_@(i)//éaio/b" % x*iyéz(il [E
(o Goups el prelnn)

/
Fa




mmmwbw@@w%“ @
W

SLHs = Ceetddx +0 T) for T 2 o
Sertok (T g T

-

:‘F/"{u_ I E "




(&>

Y- h) —U(W-A[x)}/‘rjo\x %
(LN -

(M S (r

o E A

7:- H “.,oz(mu)

)

(0,43
eaa C>IR"

f[z-ze’a,e.) |
W??M byt
’é— /Iﬁ(o,ﬂ/
Lt T g

'd O
covalrghnsl
SIS -0
. (3 dx PP Dy

,g,o‘@ﬁ’ S'C—r



S
@ by (Gmmtirbr) A ©

#2, hag e, ridsad ‘ Sl Lo ST, i e lzal R, hie i
o #:ﬂul%(wr(z

@e Loynthor g rdoal Loss cée@(‘a.'&{'ﬂréc;@e.a.wm.

—

%Odﬁmw P Rl -S —> &(‘X\ ﬁ,'/t

xlr X
Lo () (e (e A B
A im A pren P,
3 (pr \ (xe 67 om0 ==
Py 2% (20 Ku_l =
Hpo pooee(7) Al
doeld™

zr"./{)m(ﬁ")
J



3. 6Lk SLL (9

Tt i i

,%Mﬁ*whmg/&““m%m
tire AD and o rlh Bloar sasirt dpq  pmgin C7

@%Gﬁﬂgﬁﬁ&x&@@%ﬁ;@ﬁf@i

R m{ e <o ’ﬁ'a"—@ olr-- 3= Olb(ﬁh4) . €1e !/’le L(v: P

GLEY, SLol 1\ e
Oy oot Pl U |

Uy

ﬂ&,(&mﬂzﬁa‘e@aﬂ"ﬂa Rloar— vnROsnes
@WW o se=d % mfR% A (€ +)=dx

3 A x= |x) " A x RS X (€=t
JLLM.&L:&Q@MWMA&,MFQ -

W ﬂjﬂe(@“)'::-'a?gdx—: /'_

vl (Gxc@, [km~odel)c ) = (ﬁéwu (xcA).

bk.  AER= [£] dx fortcK
s

eL A% x =X o K>
Gio @ I0 Aox Qo s o P msasicen == 4.6,

o
MAKB

e,



MKW Do aruy Coreak YRlA . @

%%Q,ﬁo‘yﬂr MG\ B o GL [K)é/'( (K)JZMA{M,)W
0\*(45)"’ ‘M(aﬁl 0\+6 for a6, flc)s

AnLasl

L1

%__ e s (£ w _gﬂw{k)-——"bé‘é”/l»{) -
<-é ( L\’) b (M“‘,‘t ‘A@ ‘_"éll/'ﬂ =9

d»wﬂ: - xS (RY = RS & e Besoimens ey i
) > A

(*,
%Mﬂmofgxg@ n dXAAXL



;.z.w@i,ﬂ» Gttt
R Al

ﬁf— | - L.)

Qecall s Mo:geﬁ (R) corv. ,ermm‘fa'ffRM

WW mwm‘

¥ e Dot P . Ao Ror SLAZ)GBLAR) corv. Toan

WWM&EQM&:EMM%AQR“,
I%;?Mﬁﬁ SPo (0 Pe: L0 g,(,&'.-ﬂ._b‘ﬁ"’ %
_/____/ —_—

("7 )eee. (m)wm/e(um,,u,bﬂwﬁm&f

mmﬂwﬂ“% L’”r"' ne

Seem9eg SHT /ém-a ol frnd, Ao . Pt S LBV
Mo
% “ZALQ.&MM”:A&A/(

ﬂ(w .___3_—, M: %?M‘Q nﬂd@ﬁ-w"“ﬁ L;E/‘W%IL'J:); D

Ordn Sy R cimrarinde ande =gl Ca(R) ik



z

[-v“—)ég/t?:b ‘Vd(-‘—‘vz] M (V/\'Vw\ 5%'%‘\

SN 5’! ‘ O Lok Ao Rrmdh, Ao oot all LaMlices Cae
.——-—-—"—-——— i
MQV‘ Ao PJM‘ZA (M ﬂek‘g’M dfsz,,,-—-,-tlo“) y

Qo it 1o dillficlt 25 o wthac M e M



.5, OWMWN @
W&WM:-:”JQ‘R“ e @,fw-’w me Mo
o, Qaris (U Va) A

V= -é;,, UA*'""‘“éi ; Vﬂé]séfﬁ/ -é;.";-O,
2—@1-& V.- é.tU’ s o . /wag ,ergv W&W«d’

<v, - Ma BC Uy~ Vi=a™>, L. o T Ronghh A A0

WL( vedlor £,v;.

Vv:
6 [ (IR)

o T (T T,

&5
’-\D@M 732 A

&) S ROUR —= G L (R) s o Aomsermemphicin.

(€L +— €L

(__)Rfr'/wﬂ ﬁ'a-dgcr,afov-a (-eu)p; £ M% IxC,( MMA- £e~:e

o idtipfe o8 AL € djl=diEdle S



- &3
st U = T G € 8T Lerllagroial Sorinrpiroglic sunippld
T Ay A o (Af) Rlasr artewicl o 7
i | BT gwf‘ga @ ww D
b A= ((120)] € 5 pele group of digenst ~sirich A
7,07'11&:?— eikmes a2 . % W W&ﬁaqf,-.,aﬂ,@w/ﬁﬁe
,J-uﬁ,awap« pkitesr o a €A,
ng%
e ——
) Mt —  oa beoton.

G, D —> na
%) TRe pullbacle of A€ o o yeolac ruliple £

ar, o T — —— A-2(
( 3 Ang o [[ d¥a; = T duy - & d¥a; (T)
, ;

]?3 "':S 1

173 A AT T ¢
: wm%AWﬁWWM i

M‘
T

B Sln vebasine (D) o G N —pnraccank By lonma 2.2
G Yo oYt W - imratduce /,,,,a’fe Wﬁu%é#’

& s
-éna—_: V\'al W n: - “L; ﬂ|—""'f'a, I:l




%gﬂﬂl"‘.
N 224 (Jeosoa A Gl (R
Qo 72T docourpomhin o
&) WxAx R ——>CGL(R) i o kflosylBorn .

(n, a, L) e gale

’e’> i -"“""0\“.,\ 'lT_al A<l M,ﬂmW&p%ﬂM

S A
< A Gcw(R).
®))
L TS [ Dromo i Wﬂﬁ i il
“’T@:& &= facs [dot0 =A% = (R7)
e @ g
o “=> (&7')1-‘ A=A Mﬁ!‘ﬁ—h
e {L,t B % .
T by ba)

) /l/%@ x SO, (R) —> St (R) i a APfornn.

mgA,,, (R)



Fdlng gt e etV A ek e T

@L T taghl ot P gz U 41.0,(R)celi®)

Sl TN ST s pm narirtble oot fund . Jom.
s ]
«eor GL. (2 6L, (RY.

ol nak ®ENAGR) corr f Mo Yo A, o

o X A (A fori=d .
A?m.h,l-l

e S R

._—u'w‘_
Vi = S naas% *oago;

5<)

=|v| g = ey 'fi‘.—b*’%‘“i < ag
3€ g2 XKai
(we ) (ach’)

= /\; K a;
On o o%"w/
QAL A, ﬁ{M(mm(z*';m-aL(/{) § r\,,-")\n s

Al Sowwsbe ' &
secord Llo0oren



&9
5 G0 oL, Fanih bt BETBRIID Woern by Vil sy i A

witl|vi|€ ai R\ (A

hoose v, €/ M/faoj’aizfi(v.')fi‘a sl Lo,
awd ,ﬂ;s\gd’ s 2. (Bl woerm Q—zwzg

=

cadding £nfoqpe nunnllyfes L V., -y Viea Vi )

/gqi-d/ﬁ@»

Z 2
{-51«4 (Vi)r‘%di,d L (f%\ai—m) = a;:; y

MW%% /)M% 41-3, C'li-az I‘CT,A(V;_,‘\\_

=% r:.A(V;\
ag ¢
i

b T, —4("3-) D

Ai-a



Graale SR \BL/RY) 722
10, A . a0 weasut, el (Stul(2) T |
0 e (W—'—"‘) QZ‘(‘!)\ELQCN'-" ifAl\fR",-,r mvo . -u-ce("')'é X Ad ¢ =

ol (SL(2\ SLARY) = S(2)3(D: - Tha).

s 5(.4 [‘R) = M3 and Lo 2Wrar lasturl Ao A

=2) o B-QA/QW"" "‘4"“'%7&&2 WW
gt 7&184 ‘. %(;i)ié&\
LI ﬁ’:,f&,( SCDN\SLL(RY) S oL ( cdeal ¢i (RY)

= ’u-de (/U'«%ﬁ!- 50’«(@»
_ S T dwe T T dxb, A%

2= Vi

Pt

A <@ 3 % LuUR)

B e

- 1=A J"’l 50,,(““
Sl il e , SOURY__~
1 “ilwn-i) | o0 < e
E"‘[/; o Recarse SCLR)
~iln-t Y 3
beY2 . F
L b
M.J‘};‘,scz 0l st om.

%//é %‘?—bw

£



S B : ; . . &
GRSl ([ geesienls whise of Posllegmchines

G W (D=4 st (2N MEA @ | 0c M,
agy T oy
Y (D= M e Mo (@ 054t (A ]

- %@%Mgﬁ (2) " /tt,.“(a)m%«»‘«é,ea%a%

oyl S baw wilh a a,>@1
/"{— Bx " 7 T~ TR
-— . “ \.

wd. Dalig<a, Vi<L3,

Aransf. Ko gt 2y sndlrise poi ks Lo :

cotucnn. Uy gl B sobinna P e ZE
,a,re,:bO( ﬂg,wm%mw Al ooy

oy 70, Sl i oJI @il Fesll oo | Ko

g UUD /’,,—-/ 1—/( j

2
:‘})/}(‘T): é ap Qg : ¢35 W,
?—

Apy 2024

Rpa, LT #‘é, 3 .y:f( ﬂ\‘

s “MB

wmeT ez; . 3 i
A*M'S(Z) -Shn)
A L x(2)-- (W ST
% 7]
USBror e Bt

(o computE



dowe . Qor SL(2) SSLLLR).

&%
cMe,l(*(R)m!?,ﬂ—/Lu-rﬁiﬂ a..«.-cga.e,@d as Mg ..,wﬁAewa, aeSe (R) }
b7 e A2 Ay (A - £ Gor AeR,, | gest(m

’;’-)/Uoioef%, N () ~ S _G_r(/q)é::{f{/

AIR=CL (B )4 yys. yx p

= G 0 eODA - ndf A
[ Roo sL®

% -‘9‘#5 __I__«t/n

mw&mmwws

g Lootlor Ly vepfocing By <1 o

(/ 5

‘ e = =4 75

Ik ¢ Roo R 522 pune MMW
&t T2 (Ag)= (A4 .é@xvp’)(g\

c y —Rya“" P )

&3

Y] PR vy, //’///I f/ el o or 70



D V()= -3 -U(AQJ—(,U[)/‘«)
MesSL N (2)

= i /-Q/-r (M)

MeHE(D) .
== tlo) S A% g,
£ ) m m

L,,((R)

I ¥ 3) 4
4 ""Asef‘ﬂf@)\—/x/—j———/—J
wﬁﬂ:ﬂ#p&,
ok Moty
: 1/ “ L1
T
1wt §(M);: < q‘(_r(//()/
MeME(2)
) ] B
D= (A7) [73). . r-fM)MJ{ -
M}ég‘;‘;‘/)\ r‘.m\(/'/[)::! "#4.3(& ,r-4/.1 h—A/‘); %(’f Ib 2, A f“bfm

dipinl S( &)ﬂ;&%ﬂﬁm M,&L&w, M,AAT«’\-({) Qgﬁaﬂa:/u'ﬁtsonn
mr‘ﬁg \f\ﬂ:‘;% [Th=acd A oy W‘#@;ﬂ% Dt
&' & SGR)

@’I Eg /oi,dv anadiir A Aw(rT,“%J":‘ T"/“I,‘M)
M ,ﬁ.&»ﬂaﬂ%(d,‘. “al‘“;ocﬂ/""f‘d'

= I a, <<4(QO(AM_M&W)},&{M oo jo ne

( (TV=

Me M (D) g gl (i sekon iAo Wb




Ourice (£ a2 apply Codoon strmmmdditn

(MY
S(Tw=5_— £l
Me (< WHMx(@)
N gt

fadtin N2 MO0 N
witl A ppasmid 4 e
p 04( _r-df“h—/l
a it [tz N s fla Juad-of Ao Vot N spacesi g AR
—,-o-z,o:,c,ﬁ T”"h, T)Mm-m‘oi/llm&o, bnserson of Ao
@‘d— W-W,%/\“’M oe
X A 4 Eadl D\V\M %Q‘.Qc/{ﬂ")-
Ala pue. wisn oA p1e Moo RN sepatid n orros
—=> QCTID:'T'\S "4,I4L(M)0\M +(}(T“a:‘k)

Shon &.26
= Qe @AM < 0- (T35
h

= 0 (T)= S £(w) (SrT'L(M)o\H *0(1‘nq;k)) 4%k

- 4
W' el'e SO (R 3 o N =]
. ( " TNt \J%q @ e
-r4'fa| ad’ 7>/, (S> S (-C)- J/T)Ak Md ﬂd A (o] "N
SLAR -
(La“_,,bn_ﬁ""ﬁ -? X Vl(ﬁ 4S\a
aT o0, e . W @S D G (At ae)
Lok oQ suchh S W_ ; s, °
<onRrges Ho SW

— T" wcr(A“)Aﬂ"‘K)" w T . (Th)
(]

vet(---) 5



- i 4[’$l¢lwwwﬁw%wf,

?
;
%

Ko P S 4;&(6&,(2,9)3:7]1[/(—(‘).

_/'--_---—_

@Q» & Me M (20 Lo i Bl (20> YL 4D Mod pDe 6 L (TFP-

Pl ) S F) = @ TT u P((v: Lo jinder Reom Vo Vi)

?' Asstrnlng Vo Vi, m
Va~ W
ol '—( : ) N A
O
G 35 % w&(suz,g)sﬁ’m-w)
«_;{1 Zxx i - (2 @\c———-é SLn(2p)
(£ he) "’_”( )l\ﬂ =4
ML k= Ay
/>4,,€( 2} vl (S (zp)= wiz,(GLh(ar
_ﬁ’(" ) N

4—(‘

A



tor 25 el (SLADNSLRY el (8D =1,
— P

Aok @ <L, (B MWW/"
ool (SL,(RNSHIAB) =1



/L,UMMQJ@A:“ R- -P(’i"/): aﬂ*bXY—{—cflG (a,b,ceR)

Lt G [, (R) ack o V(R) oy
ME)= GGHFRE dH (M CIMT VY por M cbL, (R) £cVR e k™,

WDt i HoclCrS o dnwdhest
Aoe (M) = i () |
Rt (M )6= (), M@_& it B Qodtors Mol Ps;azmx

SlucRy



e = 423}11371
B [ = KLX)x> ——D\M,ﬁf dogree 2 S D é1? Mo [ SK(G,

5 & «.,a-'»«f"
Ollorwip, L= K xb(,% e oo Dol iage X
abc—‘b{’fa,"qfa\) - > .

%L-i-— [/’)“D> AM'J‘-’ (4/ {DB ngw’c'el'b'
u ’.eb

&I-M-MM Py [Pecld
Ale.. L= LDM(A‘C)MduB‘w&(’/éeL mﬂfwg&;

L Lo
K 1S W;h/‘de,g & atbTpy
(X*‘ o b2 ) (X @-a-b P

= (X o L-%Y- - )

7.
S Atk b —2a.)( LDX + abD — L’*—%

b [= W@(J?) L 2 squartre
%é$4w¢ﬁ®w{4ﬁ)@mwmwb &
30 C2 Amodl¥, /éaa«(fr“""') = b=£.

W’ D o o puamd- ABe I‘QMMQ@J @“’
2 DO mudt DA okt bspusator, o, D gl 42 mghree.




Fm8 3 ke have o G Lo (10— ppuinncief Ly,

L\( \2 K- W(Wzlf‘”w)/ﬂ& Lp’-sé_gi)—b %%_@Gvf[ﬂd}lh({)sbz
Kw"f‘p» i IR (Xwq w2

/{)""‘ (U-)q, “07/3

1 =D g 3

. Mon(33,,00,)= ot

—Paafp
[(A’ E—T?;/-)]’iw L AX'L-%lp%‘/—r cy*®

4 a=0
Z@p—f{, L:MM iwﬁfrg sl s &l ) [SW,,/SCU@)

gk LA — " — Ry @B btiin islth., conniicinglug ) avater

L SLe s Nt T o wonll-dif 2

> M s oo ad A BB Ao (MDD ) 5 (150

4""‘4.&9.‘,\

ot (20255 T gty LK
Se frave Hse (€)=D.
Lovee iy 6L210) achs raosididly o % LastsY and dicc(M)= dine &),
Haclices 2 Pod A0 o o75 Rooois (1 up) for wrkid = C22



Lo 8% ol (K) ads Lransicdy mi((&:b},

Yo 1 () (D= Lo

@R NBLL (W) ot frrtmsibictly o Broia.
Y L

Nosy —> L5

M > sely avde Bk Ml uwod=s(wat2d-

vk 2 o
S0 g5 ME e quade o 8 il i

o s seiich Hor o AR DL, (D ettt Brjetr
[\ D-Brsis laon2> L Practima kil L7 > YLV (D] Atoclt)=0]

Xw,+yw, € T Vxyez
2 Mo, <yt i AbiscBl gy Ml = Ao ey 0033
= [l(xy)e2 Ve, yeZ
= LeVU(D.

“5"“:)& _(2577(2)/ 18 _cans Zalre wﬂ-,-:/f/ ey
(%W'Df"l@z-’(#dc éﬁﬂ',/‘v” a:{:O.)
We ~eed 4o Huoche Aotk Z[cp) - o Eov, j-e. ok Tpot =0

L. ¥ 5]
2o -

=0,
‘Upw,,., ZD: -_-—2—— Ut ac - oT W D;(g -’L(at.c'é(:—ma-d—c
p— — . 'Vb
"Upa),‘,' - < ‘W, + 1)—.-?':'0-32 =&,

RV 0



Lo 8.6 NTe Aot o Lrfachin

JRiaat
&(L) — 612(2>\9\.Q V@) | doe=DY

B, g (O O
W 2) 6L,(B) acttraitotly ounstle Z2—Cassofe.
£) DL Mlwon,wo)= € (wawd vt Me&lol2>
Ao  OT = LB, oo~ & al~,
3 s O, B a=sor, s Mae Liw Kange oAfHasis
Sy (W) fa s (v w2), o

)

S\ ASNAEL

i

M @) I D>0,p,. GL 12) & LB Az =b% Lt re
pund . down .

) 3P © <o, . G
@s %cevflﬁuw o (blcace]

2 Ao, Tle asse<ialos Lund Ao Wgh Y
sadisRien GUN(L) = % Ror 2l  in Moo iorioret S,



ELL (R /o gy <> $£ VR | dise )< O]
M= :"J}) g (v~ el
2ot ”W{/C() :' 7{{,.:(_?).

Mo Ieoontii o abimost fod . dom- T (0 | Uil Ivova)s 21V
2,—( 6L, (2> S 6[..2,(@)/01(@) Wﬂﬁr 1L ( lbleacel,

USo faz Clal@= SLy(2> v (7 .)5t, @) "
el Mﬁ\mu—’(hﬂ,,) ads oo LHE and RHS .. -

= =9 -t—@(é /[>

(£) e
= i%j(z) * @ ;evfﬂ)ns f ‘L;lif;
. = relpac b
of.mffk’r q’a_‘__.la1f,‘r Lo Gac
Lo 402 [+ o Quurk - dioe

2) Daoogert's (At Al vy 'i‘&d’,_iﬂ;e‘z‘ﬁssz




G\,w&/v. iA'MC|\‘T /e.gw/r
L.,

/__/

o o aviragl, b fio * Tflzg‘r’*q'm'g‘dmx:ﬁ




Qomindic “Gae (=0 =dbe (D~ L= Ry

«C, D<O

LoR=RIN7xz-0) = {nua, D>0

z AD"(F)ﬂDj‘
Staree, O —= O e

VIR | A l=D
{ LN (%om}tﬂ file> (-;t.i‘(ﬂt\g:‘hm s 'Qé 3

T : _
Shlrg Ty (O —Z—>( ey i oL, (RN TR JiwtO=03
GLIR) L .

X
(LORY=5 o

B GLER = § M6l (R LA AMD=243

| oy _ $4.7Kec¥l hd:-'als .
S A% R¥



X | — . ) : A{P é%m‘&mh‘*
/_——_‘
Db C aok Arnsitirtly o X It Lot otxbilinc
M«&@M.M%%Mmke H <6 o6,
‘M—xo eX. %4—-«9 KGX,M ﬁ(x)—_:i o(/g\

QGQ:
px=a
Slen, x%; B = fws(lf):%@,,,(y)] g,f,a,édye%‘(,

4
Gl 3¢ x=4, Lo sors subboet- A o£C, Mo 8 s A

N N ;fﬂ_o, \
mf&»ﬁv %«f _ Wf;‘-—___—- Axo.
Goudle, rs Yy X =SB L VR | disck)= D3, 6=G L, (R) Hetiy

&)/: a Xo y aég.

£ go= A = Ahy)

Xekaf *fkf H hé‘{
= X = Z «(3)
L“-H 966:
“7"-‘9"0
‘nfo
T = = x(has)
‘3=kas heH 5%9%&5%5)
_ Foubelcd  #onbely)
. TR D

# ptab ()

?  #Feou)
(= 0.3 0 Tiem) L4



USe noed A wworke 2t fnkivitle sAobilioms Hhough- |

Loorrone €47
f

Lol G Moy o0t Hrorarlioely o X
dok ot Do Qo doren. %%MW&@%»&W&;

oﬁzéx,,e)( Tor any xX, BF (= § o (g)dlx € = loys

3x° Htstr 5 ( xo0) Palr s (O
(SBis 45 fndeppndat 2 Ao Rotea oL 3'”)
e, = B6)= vol (868, (N\FFeE) Lorall y <X,



Q4 bt y=axo, aeC.

= 6= = My
<eHy hel/tatsy () [YR

= 2 S o((sho\)o\kyg
MS“\)’)

-2 S “(l\éﬂ)o\ﬁyle
7 Blag; ()

sehth™

= 2 Sl Z ‘(U.%)“'(Lréobﬂly“{:

7 = g = 5'(5)4((|4ﬂsa\34},‘s
é'o-s ‘

- = S e@«lhsddys

| heH ‘ﬂ

= Se(s>d>,s

o Qund, doms

Lor HoE

> ot (%G—H(y)\%ﬁ's ().




@
w [MM)/%

ol (Mcz,(a)\&e'scf‘( Rb-: f;—; (87 .
¢

"
2 O
(o £V bick0=8
Cleing o A o Qo dovn (e 1111}



w(fﬂdﬁm\ ' AN

» WQ(MGL_&@\MGLi‘(sz Rl( [M‘AM)

My T SO XY eT(R),

Bb¥ 61 £4(R) ()= 5('3 ‘

e
S
Loartr 22 annple oL Pond. e, o Ho atoes

£) X2y 2 %, Yp 20
25 aon alrot Loondartnil Joain Qor 642 PRVRING.Y
Gk ot e Hha ot [romd . Do . 10 AR GBI
Lnagquradiitie as odtiefzd 7o o((ﬁ)...




: = (f”)
J #fteﬁ’ VAS(‘A,YA) ,Vg,—-[i-q‘l

o7
) gxdeid amtlyadelys) ( vo, v

A ~ i
B Sor ami ViV oM ot ace by Piritely eyl
S\p




Vo
Vi L3> o {[x,y)”x' ;b’ﬁ"""“{’ Vi 4 0 Bor S (xy0)] IxtzIyi},
S, :Vv";, Liss En A aende in BRo S, (2) —bok
.u-\' Wdlz«a ;é/{.






ﬁ‘:ﬁf_ %’»Mm Mvn*z,erwvﬂ/v““m@,%,

Vyyzo= Vn +kv, ., ,Ma./fékez,&.m o ok

Yoz ’&M/ﬂlﬁ'f”*‘:&/’"}*w Ypaa o M’W’

W7 g e b

/
LL— l'_ Z.".‘—- > * Yn
- Yasa . | _Zﬂ-_"_?-_—__)_/!‘.:"/-'}:,,-l%
yﬂ*/t )’u{-.'

""‘-'.,-; i .,"--.— ., g (g
mﬁb UVO — VP&.(MPQZ.

(Mﬁﬂw vV, =VF+] Vie‘a)



6L (2) GELANR) and Jfie £ a0 Bima €A1
%P_(:o\xz.(rbk)/-\‘c‘/t = %V(R)f 2wtk M{)-—;—D.B;\wwc\
" a7 OM® €5

- m o-#o. |
st ¥t oot §=gom /XY for

(JF‘ XM= ?(50 \ s, £&R¥, se=543,

M:Msz{(ﬂs o .
e faoe 4 (3 @d) € A REBGR A avd- oty ¥




J"‘+lo

¢ &G = &%
GLEMR)

£30,
AV +b
8-

By cosce BB, O prortes ovillarly ..

4&%—'5

Sttnwary DD D 20, ia M Aise o o 420 L, A
( = " Ao
Z tE)= C Z Loy ’_JTD.C:L .

.Qe'v(m £cT02)

A lf=d Aieel)=D
Jo-2al2bs /B

az0

Sis com Do etsed Zo slour L .9

é ‘4‘. RL. uhd C T?/a
O< e (Vg1

/'ﬁ”'m“‘r'&' M«W«DW A L)






%MW&,&XWW’&Q R ﬂ‘ﬁxa
il Ak £ o, (= vl (Bt NFEES D X

2z ey

Ddeas @’M @,WM "oéXM“anﬂ
M}U:QM V)("o)%
€ (2:= g 6 (> &B 7(%3 dx,
X

{'g S “(SS)AKQC r]{xo)dxo
Llabrg ()
wilk 2= 9%o

= § <(4'@@q(3"Ddd

t s |
g=3"

T EEHETT

Sy 2

couk puit
‘5“20.-&\.



M RY/FA Aﬂ%/wﬂﬂ& «d.l.e of [ ] &ﬁoroeéﬂ?r"x([rt

-.--—"’-

on socheon €2,

'&’{'Z '—iocéé,aeclaa.f-ezvg M

Gool £ouk xeZ, with |«lsT.

%&7 "
: £ g o e =

(a"f "'/a {K
.4/)—:‘ X, > (o, - ?“_4)



w Gz Tot by w2z, Mse jo o contakC, >0

/A«Meh—/ﬁaa}(’ ‘H’icxe ?“ [ ’—t'f—_TB ,:_/ c,T

w2

_éf_, n=-1 752,;:2
o LHS~2T.

% 9.'2- %ﬂrﬂfrgom ,.-4.(-2:-,,_:\,1} m"ezéd A—W

3 : w64,
Cpqlrtw - ]‘- #i X € 2“£W (r;,,r,) , Idlﬁ-r'}a— Cl’:,,r,_-,— )

)< 4, =T-A=%al lalsT},
/ (:rq{ rpatidi Ar ? pildap ;,(a)Vi/-h

% € >V ed O

A R-adgpb) R:"Qr;"(;,i: - pda).

Gt ¢ RoxC™ —> @4 CeRIBmmic degnl = R",
pl=2Z( OB

mmmn—#-—/(

e

%"‘ Giﬂwkﬂrz\uﬂl«leﬂ Rl . {3‘ -

£ €203 0 GlAD Lprodualbl
@M L W X ¢p(a)= (‘m-a,»—-,co);ﬂ%

gr(Tx) = (Tc,. cat=s L "c.) .

=Y (A= (T‘-.T“ ) g (AD.

D



G fgmiliee (2,0);

5o Jackio o > R —> R e oloclils

(x 52y > (*{X@‘“""Q), X,,X?\)
W { EXA‘"X?-’“ -%Mwe(y;(%i})l‘- %‘M’{ £
AL /]
[

g

&2

e 3,
o

W (@,’03
ath] F—> ( ~2Za, a4l

, X oA=& _18
Aoz etk Z;.gu’%‘@,&we,weqpé@)wgiw CO’/‘—— = .

e
g




2l x €T siguitice (o) 202l I €T

S £ e203n W D gl LrredndblT

s\

—

@%/@0/ ” PN M Wﬁ%%?.?/[/
# q(-CéZﬁx} l c:,,....& <<'T'; l/:‘g -, (,r-od&.,--"a)"

-4

2)
x *c“"dx -G’.nvfco



S So prove (T), Mgoee o Lol MWW’A&W &1

W 32 St Ac rR“ st ool ik (A= v lA)=V.

Bazey ot bea w Oitcze Aon [RM it (¢actidon.)
Alee - W. /\4(~-—-/A“. J/zﬂm,

'50’1«-% ,&g pre m-,@dAé 7 : I'R“-..beao

R %(.j)(ﬁ D) and S (ddx =
1 = %/8). => ( C (.O dx=
£ a:afhﬁ >0 ,@;W wes g‘”m "

U, =% xeR" xw@ <@ k(4]




WMWWQDM’ Ahlulds Lhe ConMIRS O LDrmrs = ’mmfi-aua‘:

/w :‘;T (O."“.:)

143

"Mi—&wd%}w&“‘ﬁ@w
m&wmw

(a\—— —-’”— (X -a3) 4*34‘3*&

3%

Lelbtrack o w- L. wﬂmd@o’% o

?_L'Z{u), 2Z () -——-(ah-—at.) [( (K-'a;-)‘._ ._

b-Y- ba _;"*-“V\

e, M Ao i . vous Lrg AP,
S0e X" ol ,eﬁ-zf(abﬁ Ao —A

%hﬁmﬁ%m%%

| " Dnea ("‘a r'-r..“-—
()

t_/‘wu— »”*

, = gﬂ(jv\(c‘ar ,.,q.,b)= + ” /q —q) M(j (“w ‘f‘*ﬂ--t“-

|<V|

0



<

Loe 8.6 el ( p (A) == - 0T lpioplda
_— I P AT | @ '
‘ PR

@e A —_bq)(’d') A o Palt'zrtr-z‘\ bb—/{’w“f‘//ﬂ%



.@ = |
E
Wﬂwmq =0 o 3
‘%Mm72 WM@MC'>OMWW‘QE‘6623
#qxe Z o Jogren w M,@-gf& legfwmﬁvs o c ..T.-(a-n)(u-ffa)/‘é’-

i

( w- A)( wt'2)

“ ! =
2l 2 . P



g.’-;/,/‘/z%-‘/.a == M}&o" W
a-C=L_L.
: ’M/zﬁum,@;w a2z ,,g_"@"mJAze__)

e T\ fr VB, Byl T/ heactedy
:’,;/,7: . ” Voo Y

0077/ 7 I N s
A dres;, —— i@’ﬁ"d’n A%g.




3 7 #?&fw,@{— ("'—'aaﬂﬁorm‘:c@i.: 7 ’A’|<'r}
A b i 0 i
o~ 7 % .
ARSI 7 .
PWle ook ?’ torovs ok il Hoe o e
ot o Ty od] Ao i

fE(B G’f 2, ‘m ;tdj‘:— 'étf;]j .J -](5!29. |a<D:. O
£

o!"d

NOvna.

'QM’W %cﬁgﬁn
LUS -5de(3- (562'[«]?&:“,,:@. Prowe o % IMQP\B

&

"w“ @".:-‘l'— 0 Htre £ peech o rg(
A5 7 s 2

Ot A - p ,
.-A‘t/lj..a‘!, K 7 € (2774 i
i

Al
sz'] ﬂi?‘?’-“'o} = WAM ﬁ'-g, )C“-‘7Yu-4 7

=y @)y

kord g8 o' = L o (o)

5 < gt (r 2.
2k HeSxe R<E™ | (=07




P
For = Ay yu= A, Lo 53(7()?0 Q)‘yl&L Aiotince Af’

) (IERIAE™ SR Lo e silipsce spammesd
‘8—8/ }’4/’()/"7)’i-4(x>- [M,o‘w%_,g,g o)

¥ gy (O o) Vigs por e u m&"‘r‘ﬁmﬂﬂ?%
v

<

%V‘qlx,---fixwudml&:m.w.ﬂ.&
My,,/.,.,ym,, re Mon . Lodep..
%/ 5;{x)>0 V. Lot hid = amin Ellod

2cicw  Bi-al® -

Win 3D ¢ 1o Pk, 72 W0 <A,
TBL TSP WO A, A e 0o o AL) B e fromn
ﬁa/-\ Aistavce > 346()-?-’)4?, @/b-u. MWI a'er

Ann WWM M&Ma_ | kg&_)
Mot = (A ) = )\"y;[x’) Viezo

= g;(Ad=\ 4;0
= h(Ax)=A\ald




dﬁ, ge = 4 xel | lxled/ h(x)ge'g.
For Al Tz &, TeBg contain aaelxeuw%& IleT,

gewMﬁﬁu e—>0.



TN 10
{ 2
/-—_—-—/
#iKé@MMA.;LK:@&)LrMaé?J MI.{[QT}

Al
X T

T oot B o i trn v (Aot )
S Sk Ao shBow Lo & 8, = Z (D
Lora positise proporlion of .
S fock, ZCA b pquadrec Hiscrimivant
Lor a Mnm»‘f-w.
(feo W,M.%:WWM

28 polyniicd devepiminait )



NN Lorsnding misslior- Qs 28 skl diserimiviand

. (Wﬂ,m)
Logpdtie 414 deknz 2. 4hU L g,
O Rece constats C,, c“:u?o o A,

=0 i
NE: KR afd.eﬁraw{ lvMHléTS/\/Cﬂ:‘r’

et ol
D#l CD . adflie g S3 kT,
. AA,%[M oo "
WMC,‘E ,u-,aem.d—mt%/(zwarw_
Hotgurn c052:
T gt (Rerk=® Quliopalii-UrgbH (g )

&i‘lﬁ‘-(ﬁ %M”'fﬂ'g@- af,daa,fen. “, ’dfu.('(.)lﬁj_l

Got =<, Y>> TE %

’

bive (2D € Aipe (BLoW)= )u—((ﬁ- (““’));a,._,“ Y

oﬁs‘ ="

&L L Pl GZW&

2(0+A+. .. ¢fu-)
<< ["(\ - ’0{]

wln-1)

D LHS > kL w,%gﬁﬁ{fg} c< 1_4,4.(,._,,}» o (Ve
oo &7\ 10.2

0



%M:

Elon AN Sprit?d ik 172
o VT
—#: %_L-é—é{ Ml--p:f@?,ogﬂ‘eﬁ’r&—m/ [,J,W(L)fgf‘i{:: T{n-}—?—)/fc.

%\ ‘ n“\ '
4 \ K- Ry S Y
£ : “\\ ‘\‘ '

(Recad : cojedtimed Ao St 3T

&‘QW HH 1L asabore, %M’W E\)@?—‘F%: L‘g << -‘r‘(“*z)/(f

RGR(DEL 00 RID=L.

6@( Sl O A/@rtv-r-' 40-2/
H ?L 4o ﬁvgw o € @Lwiﬂl % <<T‘"""'(“"‘3‘§ « .T(n-m/q.

Wﬂw

OGN Nt

‘A72 L {w¥
#% Lcc&zoe/\L o’fl',o'{?,oha—,—@, IM(L)lST:(%u&G(éI zk(ﬁ/«'ﬁ)

N, vn



#iLy= = FUeA R
K oo R B A.A:?K%F%LX
&igﬁ*&m‘n e -

’ MH.MML M%
Mﬁm - . >
i o duis Befloye



S
Rk CRF TS 12 Liopecl

Lo B, (X208 < g ldotu\*"7) =0,

g
Rl o Atk 2 [ avoreallly Loon Adsoriminat
sl Rargar=Hlown. T { Motk T2 Por rondonn
€ 2, will | x| T2l

Aowr e, L Cpp 20Tzl ond Barefore hpus oo,
[doc(Ol g T2 fppirntng o sulici Ay Coiiagoudy]




o n S Beler i on Dl it &
Bdoa [ ElloSowg - Vendratl. | 2006)

Dnstead of B 2orcting Aovon Ao —nin. pol. oL snr il by
(M L)/ %M/‘érénwwﬂ,,./wﬁé%
M’@WMA?/f MW%W

—
3”'(‘*’4 g r-) /efor*‘ -2 e, —0{
Ll - .

L rem

m j‘ﬁf’q/"/f)u MML—:J p/uﬂ/w

P AR 756-0-’0%’(&( )\_\,4 " edC
f""')

3he vt (w wr3 —> (T-rffwj"-,-w",f))

it iy "‘—-‘d
E
co - 7é=' AW""‘ @r.” > d:’ r“'d [Ehd -"#f("ﬂr",il'\i

(XP% per o (5 7( X"' - Miw{))
gSn ia-+ip =ol

M RdzA, w2rzéb [ avd Lo snoy othe
M?/m woe baoe
A/&m(@(%nﬂ\:w(rn Erg).
Sin L S acflins ﬁwmmwmw

2,8 (axj; Xr:; )

BXFQ, BXPQ gt -?ir."'*A

ey R Lo,

a‘aa d']"o'& MM,[&(K.“L, r f‘q,).«-




Tols o Abe A0 o — 205 r kol ‘ @
(Croven By jindoidtisl. | apocisliinng oome ofAllo n 3o Py P
4

T2 P prk ° Cr”ﬂfrn@wwwm
Looe ,(—rrvcto)"'(('ﬁ"acp)("))l < oo /M,Q.a.,a,éf /{\
n'.-'g(

,gof,%e:z__éow P 7()('99’3?@ e ™,

Sh M ( Lol Gl ~Sooraa 202 2
QP( az 1, narzé/ Fn S Erd, Ao
M U nwpler fth of olnr-&ﬂ} ‘fd""f{[‘)( c7§ <= TM(.
B Gt B, .., -, By Lo a fotois L L5, iR B
o ; sy X )\;,’ 1o bt A;S)\” <<T”/" fw)
&}th« F(O(,I),—NJ F(d"J Q”'W\ 2 C ~Lranis 6€£“/ 76@% £ g
@Fﬁ"’_z 714»»"’ (w,,,"_/wr)e @l“v\,gj;,o_“ Q'g wF= %IMPS o0y
wh mp3 € Z l"“r:\(f:d/l sud thak w, Asesn Of Lo




jin ey sk fidh F gl  Gedr ons !
%@,% M_d/’ Kaldda LW%MW

W) € B obionn coordinatis e
A/

(Pn.r.o\ (wd("'/
o )\d

<< w(lw,,(,,ﬁ;fw;—l) << A, << T

NCo e ﬂﬁ/wwe» MM << 6"‘% =T

Wﬂ ~d W’é' ‘ﬂz Lo . aL?A ,\-,-/,.36‘_“ "‘”’l’j
> (Pog %)

ral 1

mﬁﬁmz FULR < T
(Yoo cam 2 Ay % Lo 0 )



g ©

S

g~ oo P

M peeld putasioe L;of K
Aegree £ ]
[L:K3= Abn  (O=CL Lz K],

Zie Dhe Arlortal dypree n onoh. L= "Xu'

p———

(or

L=
28 K[XJ/({(X» Lot Pale K—aﬂa.,aqe Aogreen.

2@%%@ o R it RO x € ° ot dogree
- g nmaé%?’éw‘?&%m%f@ﬂ?ﬁz’
Lot KU Dt any LRlh 2P onacin

SN ) Ao Qa&t’:,a:ﬁ Lﬁ@fm/frifaﬁ- Ml&uﬁfﬁaﬂ—ﬁ‘uﬂ'
L.




/ a2 @
WL¢MMK’%~£W",WMWR?Q,“
gy
2 L -_—> Ko
< e . . . el
Lxle. Lb =Ll m,&re—o\.ﬂm;{_%.—’-‘u

ol o ADSOCE 4 P Ry cor i
A
grour Mo . _(—’;’M(KM"[M)'-——& S“
&5 b 7 Mﬂu« €°|°.‘=€-rr(i)

Ep—ELZ

Nrle Hlat reloalborling Py, Wﬁo Y/ R 4 e
Gide 32 L e msititn R G uspu,m%di}"%mpﬁ .

. Afe\.Zw-Mmaf-'r:c .

BB Gs 1L L ot TS
AL oo L' G,
’% LKL'm.Rf‘o— Fuﬁ_‘)_’(%‘xs'“% S

nFn' *

"B T flizre B o [, corr Ko Lolonil




BL 5o

%MW/ ,@)F\C r;:_»;. <, .
3t o, Lot Aion of (7, &m_.{/flﬁw}

Aol ~ 6 ':é,% _éﬂr-m,'éréi’{(-—-, Mx.

3, ézu,ifﬁzwfﬁﬁ TAN L=L, *’——-"L,.wf;ifﬁ 1
L; = M /"@ LCM'@(A@J. ,@?, %G—r,u(é;).

Sl 12.72
T A L o £ A
= = oo i (D €S
Aot 4 (L) — s Das, (9= coitralior ok

—> o I < €S, sl Aot F}o_z_.‘n___ Pt

T
G Hw U
‘&'f—______-—-—/lrz,(f- > 5n o AL S
PR e
Faak() S,

@'W——mm o






Lrnea A2 Lrmside ke, Asgpee s elonsion . o8 (-
Foee T

) H AL = sl o pablins R Ao (g T

\2






=T o %M_(,M.-aw YR @kﬁmwﬁzd&l@

x > €X ..

G Bt s W reppmanititn o A residin Lo

MT.
= 00'1.(, = ﬂ (r-t—!r'fréau—>

= ‘D’c‘e((,of >='— 2_ ’I)O‘e[l‘; -(*Tr@'“) — gﬂrge(‘ﬂ'@u)f—a”{)*eér@“\

L %Mﬂé;@ iy 2bonr tasie A wth. velll) =

= ool (A2 £ (L
2708(A) _ WM&Q%W”-’('W

= |l ™ el (£(A)

»



W). o ,owxayéK/ Qo)”WKy)"iéxéAlW’?’:ﬁ.
Slow, aipdy = g L¢Rdx .

k
( (A)Mxxr
S

v)(z
ce UL=%F, A=zg | L0

(Xw@ E X (quade.7es
lp)= g

Mo _ P"’f_ iﬁ_
/"ﬁb—ﬁ _‘15-—’4 P -
/)LHS 2' -

v, (£ = v, (20=0 VxeZp
!
IQ‘MI’
= RUS= (Adx= vwl(2})=A— %

Z



lse p=2
JI%M‘AW, g
wlp=S$ yef’wj’ﬂ'f
(7( /&ﬂ—)—uﬁ

V. £z vo (R =1 YxezZl
o
12 =%
)= £
RHS= C 2d= %vﬂe@z)" v
z3
e WK=F 0T, VEY JiR rFtc—ﬂJ _Q/x)a xPf
T + x.\za,&x-k Y = ap+anX Pra X T
o A L w"wﬁxz"* Qo poms- b bep-<Fe
= wm)=y 7 /= et 0 sy’ Aigi oY Lot A £ 0.
O/ o mircs2
=) fS=0

(p[m:)rx""' [=0
=2 RH =0



@Lﬁf.&lf‘\% /4’9‘% _n__aA .(,‘,Qr% w L(/)W,&/?zqt >,
%&,MMWA __@"’ Cecr, X3,

X = v (L'

Llainr M&kaesigec@d;wx);oy L=
e foave § ot (L(RY=O-
€4 2p £'*0, Lo B 0. (V)

S 0120, e O= constink )
W&eﬁa’(“)'—:‘f’/ -(«:: S(X?)Qofwﬁéﬁe,‘(’ﬂ.

Qg,tezmw, C = %1 x e BR3 Pas oliimeO.
W .C(B)‘:g('é) Loy el O.
0.2, 0.9. v(€(XN=¢ UxeA.

b o € Agud 2 e>2¢. @awlé SOp-- >
woe Baoe _é(ak_,,«ee-)____ _C(a3+¢é+e_ [ %
,Zd-oe»yé _P(o)-k,@'é"'ﬂ QMM’;&J’M .

L ok Q€

w)@ﬂmocg IP‘(x)lo\x =q 'é—..: S /(Ay
a#@ %—{: -E‘Gb-lfqze{'f



b resll follovs %%M A Lote (firiAolly nannsy)
Nisjoints 2l Ao forn avep™. D



We discussed integration by substitution over nonarchimedean local fields last time. More generally,
one can perform a change of variables in any dimension:

Theorem 13.3. Let A be a compact open subset of K™. Let fi,..., fn€ K[X1,...,X,]. For any
ye K", let m(y) = #{x € A| f(z) = y}. Then,

| mtd = | aetgacn)@)a.

where Jac(f)(z) = (%’;f?)m is the Jacobian matriz.

We skip the proof, which works similarly to Theorem 13.2, but using an n-dimensional form of
Hensel’s lemma.

Remark 13.4. There is a good notion of manifolds over K. One can integrate real-valued functions
over manifolds, and there is a corresponding change of variables formula. (See the two references
mentioned last time: [Pop| and [Igu00].)

14 Some mass formulas

One can either count isomorphism classes of (separable) field extensions of K, or subfields of K®P.
Of course, Galois conjugate subfields are isomorphic, so there may be fewer isomorphism classes
than subfields of K®P. More precisely:

Lemma 14.1. Let L be a separable field extension of K of degree n. Then,

n

#{Kc L' € K| L' ~ L as K-algebras} = ZAut(D)’
u

Proof. There are n embeddings L — K*P. Two embeddings pi, po have the same image if and
only if p1 = ps o ¢ for some automorphism o of L. O

For the rest of this section, let K be a nonarchimedean local field with residue field F,.

Theorem 14.2 (Serre’s mass formula, [Ser78|). Consider the totally ramified separable degree n
field extensions L of K, up to isomorphism. We have

|disc(L|K)|x 1
Z # Aut(L) g

Remark 14.3. Any inseparable extension L of K has disc(L|K) = 0, so including them wouldn’t
change the sum.

Remark 14.4. There are infinitely many (separable) totally ramified degree n field extensions L
of K if and only if the characteristic of K divides n.

Proof. By Lemma we can write the left-hand side as the following sum over totally ramified
degree n field extensions L < K5 of K:

1
— - > | disc(L|K)].
n L



For any L as above, let Uy, < L be the set of uniformizers in L. Let P be the set of separable monic
degree n Eisenstein polynomials f € Og[X]. The characteristic polynomial of any a € Uy, lies in
P since L is totally ramified. Conversely, the n roots of any f € P in K°P each generate a totally
ramified degree n extension of K. We thus have an n-to-1 map

(N |_| U, — P
LS K®°P
totally ramified
degree n

sending a € Uy, to its characteristic polynomial. We again identify monic degree n polynomials
with their coefficient tuple, so P < OF.

The theorem will follow from the change of variables formula applied to this map.

We first compute the volume of P directly. The set of Eisenstein polynomials X” + ¢,_1 X" ! +
---+co (with cg € Tk Oj and ¢y, . .., cp—1 € Tk Ok ) has volume ¢ "(1—q1). The set of inseparable
monic degree n polynomials f in Ok [X] has volume 0 because all inseparable polynomials f have
discriminant zero. (The discriminant is a nonzero polynomial in the coefficients of f. The set of
roots of any nonzero polynomial has volume 0.) Hence,

vol(P) = ¢ (1 —¢7").

Fix a field L as above, and any uniformizer 7y, of L. (As L is totally ramified, we have vk (7p) =
Lvk(mk).) Our goal is to compute the volume of the image of Ur. Note that (1,7, ... ) s
an integral basis of L. The map d: K™ — L, (bg,...,bp—1) — by + by + -+ + bn,lﬂzfl therefore
sends O% to Op. Our Haar measure on K™ corresponds to our Haar measure on L under this

map. The uniformizers of L are exactly the linear combinations by + by, + --- + bn_lwzfl with

bo € WKOK and b1 € O;{ and bg, e 7bn—1 € OK. Hence,

vol(Ur) = ¢ (1 — ¢ ).
Consider the n homomorphisms p1,...,p, : L — K*P, and combine them to a map p : L —
(K®P)™. The linear map pod : K" — (K*P)" is described by the matrix (p;(77)); . Since
(1,7L,..., 7 1) is an integral basis of L, its determinant is | disc(L|K)|"/2.

As in section 9, we consider the map
X : (K*P)" — {f € K°P[X] monic, degree n} ~ K"

that sends a = (aq,...,a,) to (X—a1) -+ (X—ay). Its Jacobian determinant has norm [ | i—ajl.

|1/2

1<j |a

(See Lemma 9.4.) If a = p(x}) for a uniformizer 7} of L, then this product is |disc(n})
| disc(L|K)|"/2, again because (1,7}, ..., 77" 1) is an integral basis.
The composition x o pod : K™ — (K°P)" sends (bo,...,bn—1) to (the coefficient tuple of) the
characteristic polynomial of by + bymy, + -+ + bn_lﬂz_l. Combining the above computations, we
see that the norm of the Jacobian determinant of this map is | disc(L|K)|.

Hence, by Theorem if we interpret the image ¥(Uy) as a multiset, then
vol(¢(Ur)) = | disc(L|K)| - vol(Uz) = |disc(L|K)| - ¢ (1 — ¢ ).

As 1) is n-to-1, we have

E vol(¢p(Ur)) = n - vol(P),
LS KseP
totally ramified
degree n



SO
Mldise(LIK)| - ' (1—g ) =n-g"(1—q "),
L

so indeed 1
— - > | dise(LIK)| = g~V O
n L

Corollary 14.5. Consider the separable field extensions L of K with ramification inder e and
inertia degree f, up to isomorphism. We have

Z | disc( L|K 1
#Aut(L)  f-qeDF

Proof. To avoid confusion, we will write | - | and | - |1 for the normalized norm on K and L,
respectively, and similarly gx and ¢, for the residue field size of K and L, respectively.

Using, Lemmall4.1] the left-hand side can again be rewritten as a sum over field extensions L & K5°P
of K with ramification index e and inertia degree f:

1 D | disc(L|K) |
ef [ G # Aut(L)

Each such field extension L|K decomposes uniquely as L|F|K with F|K unramified of degree f
and L|F totally ramified of degree e. (Here, F' is the splitting field of the polynomial X o _ X )
By the relative discriminant formula,

|disc(L|K)|x = | Nmpg (disc(L|F)) - disc(F|K)|x = | Nmp|g (disc(L|F))|x = | disc(L|F)|L.

Since there is exactly one unramified extension F' € K®P of degree f, the theorem implies:

1 1 1 1
— | disc(L|K)|x = = - — = —. O
ef LC;SGP f qL ! f . q&? 1)f

We can now prove the following mass formula regarding all étale extensions of K.

Theorem 14.6 ([Bha07, Theorem 1.1] and [Ked07, Theorem 1.1]). Consider the étale K -algebras
L of degree n, up to isomorphism. We have

|disc(LIK)| ¢
Z # Aut(L _g

where P(n,r) is the number of partitions of the integer n into r positive summands.

Example 14.7. If 2 t q, then the degree 2 extensions are K x K, K(y/a), K(\/Txk), K(y/ar),
where a € O is a quadratic nonresidue. They all have two automorphisms, and their discriminant

norms are 1,1,q %, ¢, respectively. Hence, > %ﬂl{)ﬂ =1+q¢L

Proof. Any L can be written as L = L; x --- x L,, with disc(L|K) = disc(L1|K) - - - disc(Ly|K),
n=|[Ly: K|+ --+][Ly: K]. Consider the obvious action of S, on the set of tuples (L1,...,L;)
of isomorphism classes of field extensions of K. We have

# Aut(L) = # Aut(Ly) ---# Aut(L,) - #Stabs, (L1, ..., Ly)).



(Any automorphism consists of a permutation of isomorphic factors of L together with isomorphisms
of the individual factors.)
. disc(LI)|
isc
o= Y .
# Aut(L)

separable field ext.
of degree n

It follows from the above discussion that

| disc(L|K)| | disc(L; |K 1
b= 2 Am@) — & 2, H -
, T # Aut(L) 730 5y-orbit of (L, . S #Au(L " #Stabg, (L1, ..., L))
étale K-algebra with n = 3, [L; : K]

of degree n
By the orbit-stabilizer theorem, this is
Z 1 Z 1—[ | disc(L; ]K
=7 i) # Aut(L
with n = 3,[L; : K]
This implies that the generating functions ), a,X™ and ), b,X"™ are related by the power series

identity
Z b, X™ = exp < 2 anX”>.

n=0 n=0

According to the previous corollary, we have

1
n = Z Foge i

e, f=1:
ef=1
SO
n o _
D" = ¥ ey - - Do (1- 25 ).
n=0 e, f>1 ex1
Hence,
boXT — X ez ele B P(n,r) xn
Z n B H HE o Z Yesqle—Dte Z g ’
n=0 e=11=0 t1,tz,20 477 n=0
(Any choice of t1,t2,... withn =}, et. corresponds to a partition of n into )] -, t. summands,
where e occurs t. times.) O
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