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Goal: Complete determination of mod ¥ cohomology of the finite general linear

6rthogdnai, and sympléctiqféroups with enfries in a finité fiéld of characteristic p

# 1.

General cases: Y éddwrﬁhéﬁ e%efythlngigoes ﬁﬁxiixy easilyibecause on one hand I

T e appropriate

 know that ‘the restriction to the/torus is 1n3ect1ve, and on the other I know that

the invariants for the Weyl group fmxm is an exterior tensored with zm a plynomial
algebra with the correct number of generators. The point is that Galois is either
cyclic of order d dividing Z-l which is prime to Y ~or cyclic of order 2 and then

the rest is the symmetric group.
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7.1

7« The operstion &. In this section HWX denotes the singuwlar cohomologs
g gy

o a non-zerc
,Z/W‘n/éfz of the space X with coefficients in %/}f, where 1’ is ./in‘teger which needntt

be prime. Suppose given a diagram of maps of spaces

gl
XV e ¥

f“l }%lf

YT e ¥

g

N

-~-J
l\,..l

N

vwhere hs gf' = fg' is a homotopy. In the case wherec BE§ h is 2 constant homotopy

and the square commutes, there is a homomorphism of long exact seguences

3% &
§ ;

Pty L S5y 0 S Hioone(s) > s 1Y

(7.2) igw lg't}r I Ig"w J/
g 2 2

o Lo} I
gty I gl 1Xv-—€~—>nﬁloone(f') Hlf' L mhy
U Us{m{}n, where g" 1s the induced map on mapping cones (recall: Cone(f) = ptu, (XX[O 1])03')
G
X Cw and j, j' are the obvious inclusions. If the homotopy h is non-trivial then we

still obtain a homomorphism 7.2 %EEEER by replacing the meps f' and g in 7.1

by the maps

X -——]-'9--> (X% [0,1]) v, ¥ (=hue) o Y,

obtaining a commutztive square and then using the mmess@e canonical isomorphism &&

between the long exact sequences of iO and f',

We define the operation @ associated to the diagram 7.1 to be the map

Ker {(f*,g*): H'Y ——s X & HlY'}

Yak & (7.3)

o

ity g pityr Hl"l}:'}

3R o,
°

Coker {g'%+ bl

given by the formulas

_ ‘ 3 K
p (7.15) §'3(c) = "(f) @where Q) -
Proposition 7.h: @ is a L o] (degree ~1) homomorphism of H%Y—modules.
Maeh. € 8(a) = 0 if ag (Ker f‘x')°(Ker g,

Ce/uomv,»/eg

g the long exact Sequence of f aw




consists of k homomorphisms of graded

H%Y—modules with & of degree =1 and similarly for @& f'. If o = ap dp with
g“al =0 and fﬁaz = 0, then in 7.L we can take ﬁ’= alﬁz where éﬁﬁz = a5,
and then Siﬁ(a) = g"%(alﬂz) = g%al.g"igz = 0, proving that &(c) = 0.
Let BG be a em classifying space for the topological group G and denote by
BEE PG ~~»BG the universal principal G-bundle over BG. If b: Gl—sC is a
homomorphism of topological groups, the space of maps PG'—=PG which are

equivariant with Xespect to b is contractible (at least when BG' is a CW complex

and this will be true in the RN

fellowing). Choosing such an equivariant map

we obtain an induced map (b): BG'—=BG whose homotopy class depends only on u,

hence (b)%: H BG—> H BG!

also depends only on b. Similarly if

61 —2s o
(7.6) a'l al
G —2 ¢

is a commutative square of homomorphisms and if we choose corresponding equivariant
maps
' NI
gt B4 pg
~io i o .
()" | M REY

por 2, 5
there is a homotopy h™: (b) (a')” = ONEIDM > which is equivariant with respect
to ba' = ab' and is unique up to 2-homctopy. Passing to classifying spaces we

obtain a square

Q

» O
(a1 | ;,//-,1 o)
BG! oy BG

to WEMME define the operstion & from the kernel of (a)* and (b)*

on H'BG to the quotient of H: 1BG! by the images of (a!') and (b'). Tt is clear

that & depends only on the square 7.6.

We mmemgmme. now @ compute @ for the square

U —>

(.7) SR

5
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7.3

B vhere Sl is the circle group, 7Y denotes the map z!——)zz, and a is the <oty
inclusion of the ¥Y-th roobts of unity. Recall that there is 2 canonical isomorphism

(7.8) nlpe = Homtop.grps.((}, Z/7)

. . + .
making correspond to ® a cohomology class u the homomorphism u  given by

u+(g}<i" = f:(u), @@ where < is the canonical generator of PIJ‘Sl and f : 81~—>

BG is the map of classifying spaces induced by the homomorphism Z— G sending 1

te g. Recall also that

(7.9) Hest = z//e(L)]
where L 1is the complex line bundle <EEESEEES® -ssociated to the universal bundle
pSl~--->}3sSl and @B e(L) is its Buler (or first Chern) class. Since (Z)%‘e(L) =

. ‘Hruz S¢ae
e(L l’) = Ye(L) = 0 and since zOddpgl — 0, the map & massoclated‘?o\(%?/

takes the form
213 3
(7.10) @+ H “‘le-—-; H21 lBu. is 0.

Proposition 88 7.11: Leb veHpr. be the class corresponding under 7.8 to the

homomorphism w—3Z/7 @B sending exp(2wi/Y) to @ 1 (mod ), and let u =
(4) “e(L). Then Q(e(L)l‘ = oy,

.
It suffices by 7.5 to prove this formula when i =1. @B Let f: PS™—s BSl

denote the universal bundle and consider the principal Sl—bundle maps
it H
st — X spsl/y 8 opsl
(7.12) f"l f'l fl
.
Pt ———— BS]‘ —ee3 BST
i g
where (g,g') is a classifying mep for f! and i' is the inclusion of a fibre of

f's The second sguare with the constant homotopy may be used to compute &l &

1

because the canonical map p: PS™—> PSl/ b 1s a universal principal u~bundle and the

square is covered by the equivarisnt maps

D of universal bundles for the groups in 7.7.




7.4

W Also i' is the map of classifying spaces induced by the homomorphism Z—s 1

sending 1 to BEEEEE exp(2mi/Z), hence taking into account the definition of 7.8

it suffices to show that (i') a@(e(L)) = @ .

Now consider the diagram of long exact gohomology seguences asscociated to the

vertical maps in 7.12.

wepst
T a
2 i"* 2 g"‘x’ 2 J
H"@one (f") <= H Cone(f!') &—— HCone(f)

@ww@&é

= T‘S" J‘é"
— P
2ﬂZf§”dkﬂ% alst 2 ghey

and use that the cones of £,f',f" are the Thom s@@Essm spaces of these S'E"-bmdles.

By definition e(lL) = j*U where U is the Thom class of £, i.e. U€H260ne(f) is

. _ a0 N | s e - N /
; i"*g"”Uj the unique element such that (’(/crg' ; 5 U>= §"¢-. By definition <EEEEBY §3(e(L)) =
-

g"*U, hence @ i‘w@(e(L)) = J7, completing the proof of the proposition.
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8.1

88. Computation of #. This section contains a computation of the operation
% needed in the proof of 10. . We suppose that Y is a prime number; all vector
spaces, algebras, and tensor products will be taken over %/¥ unless mentioned
otherwise,

Let SV be the symmetric algebra of the vector space V and let Vi, V% be

subspaces of V. Then there is a graded algebra isomorphism

(8.1) Toriv(s(v/v'), S(I/1)) = s(u/T+7) a@AT (v A ),

Indeed the Koszul sequence

svm/\gm——‘i»svmvr d sy > S(V/T!) ——s O,

where d is the (anti-)derivation of SV & A’V with d(LE v') =+ B 1 and
d(v @ 1) = 0, is a resolution of S(V/V'), hence the Tor algebra is the homology
of the differential graded algera
(8.2) S(v/vm) @ A¥V' with a(V/W B 1) =0, a(1 @ v) = f€v) @1
where g: V! —s V/V" is the composition of the inclusion of @& V' in V followed
by the canonical map to V/V", Choosing splittings of the exact sequences

O VAV 0y V! —3 In Q — O

O s Im§ —— V/V!— ¥/TI+V" —0
the complex 8.2 becomes isomorphic to the tensor product of the three complexes:

S(V/vr+um) concentrated in degree O
S(In §) @ A"(Tn §)  with qifferential d(M1Ez) = z@L
N (rraym) rith zero differentials.

As the middle complex is acyclic, @B 3.1 follows from the Kunneth formpmla .

Let I' = (SV)V' = Ker {SV—>S(V/V!)} and define I' similarly. Then the

- inclusion of V'a V"' in I'a I" dinduces a homomorphism of S{V/V'+V")=nodules

(8.3) S(V/Vi4+7) ® (Vin 7)) L4 Trn In/TiTn
which we claim is an isomorphisme. In view of. the canonical isomorphism
(8.L) TOT?V(S(V/V'), S(v/vm)) = ItmIt/IIn

this would follow from 8.1 after checking the compatibility of the various maps,



8.2,

however 1t seems slightly more efficient to argue as follows. For the proof that
& 8.3 is an isomorphism R we may assume V dis finite dimensional, and it will
be enough to show that this map is surjective as both sides are free S{V/Vr+7n)-

modules of the same rank by 8.1 and 8.4. Let g€I'AI" and write

(§5) e = 2. g

v, , jed jed
i . .
where é is a basis for V" such that
x> X the map SV—=S(V/T") we have
0 = E g.v.! T -1/
Lo

J d
yeT?
so as the elements Trj' in V/V" are independent, they fom a regular sequence in

gje 8V
"JGI'CI

ey spans V!N V", Denoting by

S(V/V") hence

- _ - -,
gj Z gjkvk
JEJ-”
with gjkc-’ SV satisfying gjk = -gkjg gj . = 0. Thus

* T = 1 T = tTn
. gjv'j = g5k V5 0 (mod ItIW)
LI
f>

Z g.v. 1 (mod TIvIM)
)

hence

@6)

o9
)]

JJ
4e7’
® proving that 8.3 is surjective and hence an isomorphism.

e e e S e e

T e e CE TR

Notice that there is a canonical @BJ algebra isomorphism of the form @@ 8.1 agsmic
agreeing with 8.3 and 8.4 in degree one.

Let W Dbe a vector space endowed with an endomorphism @ and let Won(respe
wo_) be the kernel (resp. cokernel) of GEESEEER the endomorphism o -id. Consider

the ammmewmgy cocartesian square of algebras

s(u ) <Lf st AGEL) = A(18) =w
(3.‘7) p& A

MwEl) =w, (@) = o(w)
SW < SW B SW

where p 1is the extension to symmetric algebras of the canonical ésmme map W%Wc_.

Dencte by SW A and sw,. the ring SW viewed as an algebra over SW @ SW by means

of A and [ , and let IA and Il._ be the kernels of A and [ respectively.
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Setting V=Wé&W, V¢ ={(w, —il), WE w} , and V' = {(o"w, -), WE w} and using

o

the canonical isomorphisms SV =38W & SW, V'AV! =W, V/Vt+7" = WO_, we obtain the

EFSSEEESY following from the above discussion.

Proposition 8.8: There is a canonical isomorphism of graded algebras

Tor, ¢ SW(SWA, sie) = st @ AT

which in dimension one may be identified (by the isomorphism analogous to 8.L) with

j_c_ge map
(8.9) s(i) @ W% ——s IAnIr/IAIr— &#
p(Ofg v > (fm)emagw)  (nod AT,
Denote by
(8.10) d: SW—>SW 8 W

the universal derivation of the algebra SW, i.e. the derivation such that dlw) =

18w. If fe(sw)

¢ -invariant, so is (p@id)df & s(wc,) T W, hence

we obltain a map

=3 (sm)T —> s ) BT
(8.11)
f b (pBid)df.

Proposition 8,12:  If £esn)? and (pRid)df = Zp(fj)ﬁw% with
o
w7, then
8.1 fRL-18F = Z (£.81)(w.B1l - 1®w.) mod I T).
(8+13) ki ( 3 )( 3 i ( AF')
We may assume that the ij form part of a basis Wj, Jedv for Wej which in

turn is part of a bhasis n Wj’ JE€J for W. Recall that if

Sy £71 - 107 =’Zg(wﬁl-l®w)
JCJJ J

with gje SW & SW, then

df =Z(Ag)®w,
Jje&d

this being nothing but the canonical isomorphism of the module of differentials of the

algebra SW with IA/IAZ. Applying pBid ‘o both sides we Gmmme find p(A.gj) =

Ead

£ for JEJ's so

(3,/*}) gy = fj@{l (mod IA+ Ir_), AR



5.4

From

8. d 8.6 ith = @l - 1%f and v.! = w. @l - 1%w. we have
= 5.5 an e = & ;' - R v ; j

fRL - 18F = 3 wm—mw) mod I Ipr)
JethJ(J ( Ar’

so using 8.1k we deduce formula 8.13, completing the proof.
This proposition will be applied in the following geometric BB situstion. @

Suppose given a space Y endowed with EEESES o map o: Y —Y and a diagram

(8-]5) ra- = O:&'J‘(r)

and suppose we want to compute &(y®1-1®y) where vE H%Y is invariant under G“%.
Suppose we can find a vector space W endowed with an endomorphism, which will also
be denoted g~, and a linear map f W%HY compatible with the two actions of

¢~ such that y = f(f) with f¢ (sw)7, » Where P is exbended to an algebra homomor-
phism SWesH'Y (if 7 is odd we assume Ja(W)éH Y1), /l f@f : SW N SW —> H (YY)
denotem the map sending s8s!' to pr* f(s).pr g(s )3 then gﬁf carries IA &to

p e KerA and Il‘ to Ker r‘ s hence by 7.5

3(yRl-18y) = m(fﬁf)(fm—mf)
depends only on SNEEEEER fX1-187 (mod IA Ir.). ESEA So by & 5.2
&(yB1l-18y) = @(gwy) ? (fjml)(wjﬁl—lﬁwj)
(8.16) = é: t"(ffj).@(gwjmv-mfwj) if
py _ a
(oBid)df = f p(£, )i, es(wc_n)ﬁ W

For example, let o be an endomorphism of a torus T, mm# 1ot a: T° — T be

the inclusion of the subgroup of fixpoints, and take 8.15 to be the smpwmeer diagram

topological
of classifying spaces associated to the scuare of/ﬂroaps

¥
(8.19) 0»1 141- = (d,o)
T ——> TxT
s

Let T/ be the chamacter 88 group of T; there is a canonical isomorphism




Huck K b’

Blyo\- ley)

h

T"mx Z/{ = HoBT

obtained by associating to a character ¥: T — gl the inverse ® image of e(L) (7.9)
under the map induced by x We take W = HzBT and take £ to be the identity on W

" proposition
so that 9: SW —~—>H BT is an isomorphism. The following/n computes & (wBl-1%w)

for wew"f hence J8.16 tells us what\%@is for any yeﬂ H*(BI) .

Proposition 8.1%: Let we 'l be represented by the character x and let xo

o |
be the unique character such that xo(z);z = X(z.o=(2)™"). Then @(Wﬁil—lﬁw)ea

w Hl(BTo-) is the class corresponding to the homomorphism fl TO’—Q z/Y given by
§
XO(Z) = exp(2mia(z)/7).
The homomorphisms

T —Z 5 TxT
X, | o elaen) = X@ar™

s Z o gt

induce a map of the square 8.1? to the square 7.7 such that e(L) goes to WE1=-18w ,

B hence by naturality of ¥ and 7.11 the proposition follows.
Finally we consider a concrete example which will be used in & €10. Let

o be the endomorphism of T = (Sl)r given by

g
O“(Zl,..,zr) = (qu,zlq,..,zr_1 ~

u

where q and r are positive integers such that ¥ divides qr-l.

¥ Let C Dbe a cyclic group of order qr-l and let i: C—— Sl be B8 o

e T

Bet eHiled? with

faithful character; then CEEESEEEEEEE
ma
s = the map a: C—=>T given by

a(e) = (1(@)%,.. 1008

Let e, =pr§e(L) where pr, : Tm—s8l i the

e i-th projection. Then

% e,y 1<ifgr
o (ei) = ‘

qer i=1

so as qr—l is divisible by ¥, the product €y¢+€,, 18 an invariant GREEMelement of
H BT.
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Proposition 8.18: B(ej..e Hl - e ..e ) = (1) " veET(30) where

e

ST i S
R I Tt S

u = i%e(L) and vE o'BC  is the class of the homomorphism $: C—2Z/Y

given by
r
X . 1~
exp(2mi§(c)/Y) = 3_(c)( a )/t o
In this case WO_ is ex=mElm one-dimensional with generator

& w= qr.-lel + oo + e, which is the Buler mm class of the character

T .
ir-l
X(Zl""zr) = lll zs

and
. r-4 .
. T =i T =i
<x.a—"7(‘l>(z1,.-,zr) = (T;rzg )(zg ﬁrzg )L
= (Xo(zl" . ’Zr) )x where
- (=7
I Xo(zl,..,zr) =z, 9 .

Using 8,1% we see that J(wRl-18w) = v. Now WO“ is one-dimensional with generator

P IS i, TRy ST
R A LA B L B A

P(er) and R

It

(pﬁid)d(éia.er)

Il

i -1 T pi
(TTaD) p(er) B2q e,
1 1

= (-l)r—l p(er)r—l B W

*
As a (er) = U, the proposition mmd follows from formula 8.16.



. g : oo 3 - ; g
Lemma: If f£(SW)~ and @B(pRid)df = 3 p(fi)(wim mWi) with w, € W, then
-1 = Z -
fRI-1BF = 2 (£,81) (w Bl 1@, ) (mog IAIr,)
Proof: Choose gi SWESW  such that
n
(3) rogl-18r = I ¢, (w.Bl-18w,)
i 1 1 1
where we assume thab® W, Wmezegesms 1 <1<n is a basis of W such that the W, with
igm for a basis for W°. Then
n
i = 2 Ag B,
hence @

0 idm
(ss2) p(Qe;) =

.< o
p(f;) 1ém

applying || to both sides of (%) we get

0 = z P(gi)(wi-crwi)
i>m
hence as the elements Wi—o’wi for i>m form a regular sequence in SW we have
[M(e.) = 3 e ) (v —ow.)
* i,pm Mt
I - 4 isfi s = e . Y = ° ]
where gljé SWESW satisfies glJ gjl and 8ss 0 Hence
2 g (w,Bl-18w.) = 2 g, (w Bl-18v )(w,@-18w,) =0 (mod I, I )
i>mt 7t + i,i>m J g A A4 AIF/
s0 =18 = 2 g, (v, ®1-18,)
- . ivi i
i€m
= 2 (£,8)(w, 81-1% )
i<m i i
since g; = £ @1 (mod IA+IP) by ().
- i



Gaft o polihs Chind aﬁ l
A/Mg@” feedad Wf? et
Wwé% a;ild /‘/Z{C/&/ Ve.) OM_L) _

O = .- — ,-{;.-,,:;,/;é;-" % 6%@[ o é

2 %W/me Swlien distont ﬁn/n«

Dmamais G/Gt —“—» G |

&/ g ==

S =




st % el Mf%jc&fu%e WL@

: el
A foct I /Yl,&maj ,ez]wwucu

i E, = HBQ)@H(G) — H (gt)

D Ea= H(BG) e H(s/6) = H(se)

3) E:l = H(6(6X6>>® H(GXG/AGD —= [H (BG)

1 st ek we daod.
&) Ey= H(BG)® H(G/H) => H(@H)
wek bt fellowig  crase

) {1 ~

9 H = G ,

3) H= A,,m G,ng, 7

@wuwuz_ %1‘ 3 el aféec? Lall

&M@%Ww o He Vhalitin”

- S oy L G 8O e
(%% Z — %+/ | E g <k 2

%m H[G) J/m@mwﬂ@[%mw

AEL




B
NepAsainta Z’@i». | [59@@/6 Theorzon. . | Thio obscdd te
| u*(a)w@mﬂgy,m octl e grahatre
6) e it i o s o o)
and e %:ﬁ zzuimé%u % Hhactr boy X wﬁd’)
b opuctiat st Dt B |
B = Y B(Gx6>> ® WY G) == H*(gGr)

| @
Hhe st loc, o #MA/?AMM Wt T(iee)
reprand by gy pro; — pic € H(B(6x6))

0— 1)—> HY(8G )

H¥(6(6-).



| ppee-re — s o -
E;Lg I=H3 ,(@‘—_7\ Hg (EJF) F~=t
- , e ﬁé B/_T
1 | fﬁ@%ﬂ « Q)

i g WWUQ :> C  ia @W
#\Q /rna%a G/G& = G 2/
- ' )
8@;——~—>BG

l@d%@

Wm/o) ) Jf%‘fu/ﬂw%‘j/% Le bl to  colced o

@ﬂf& ugt% / /bm/wmafwm) @ mf«?é/zu,y'
7 QC/FCQ/ W gl ¢ N
to e Herlo. o ga_m

. = A@)@S@%/

[

- Hibs) itk oo f fodd),

L



- W@*{Z%X a/wo{ avwd  fp
1 bl ot %ﬁ% WL% @f‘%
xX7’f‘—> % -

GxGxGX =2 GxGxX. ::g—é X 4> x
s

ahoncs o M « apectial MWC,Q/
| EZZ = Hf()/l—~—> Hé( 6" XX'))% Hgg(X).
c;hL /vvw&( de  mibee W/ém%w wolen [, wgm
di bt / . E /7/ wi “/‘/U"?

(b H))

(4, HEOP =

/f‘()

4()

‘b/vw &/@@C@‘ aﬂ ek ww/e/lﬁm&ﬂ B svem Ared

: ,&/ 40 et o lifples % Hat E, 50.‘

ém A, X—'{Wé o C.Z ﬁ:: wﬂ@]@ S[e]
P

éﬁ/ i 9O aj/&ad o /Cécmf “Conclude ‘/Kaj“

) ’{B@ e ;AO{WWWJM?



of cheques on Acloea over S 7;0? : oacz/G
ZLAX/&J&M@MWMM Gaazzy%% %(X)M

(! ;‘ﬁ%@f Mw@wfﬁfT =

Gx X — X
1o W/y;o‘&wz M%%%wmb&waj%w
) E,’B = H/D(.v —— Hg(G xX))% HF‘FZ(X)

Yoo HX domitbs Ha

Procp and P > H*(m
wg‘”"'fé&‘c“/ Mﬁ C’{'CCLWC/, Dy ’:_’:,2:', S 7 y
Q*/m% % 7%2 ol /~ . s

/4 G T2 GxX —— X
| /OZV = G7xX
and E [g,,) )qu@ /@a);j‘gﬁéj %) osi<y
" b S, 95 %) 2=y
& u (5") Jﬁw”) 5@”74*"“5‘)’%) PRESE




Uiddow G foo Kmradd, - —
%W%E L of X M@y&w{ﬂ

o %—> Hx) — H‘( Do HIX) —> H)e HE6) @ HAX) — -

% 027&/» % o e a%wu(
%Q ﬁ?/ﬂ’ﬁ& G) s . W L H’\Z/X
Mmﬁ ardard lag

PE__ g
E,g—— Coi‘mﬂ()[ﬁ H’YX))

o duad, %w 7%c<> et oo e son o s faiin x

(0 B = Eu‘i()éé H*[x)}gq HER09).

mtc/zjw (T, %w%zw 27 -
et W6 i WW% o H(G)
it

M@WW MW be an wm ajg;ﬁm_ '
W og”z;z %%MW&MM%
H(G)MW)M He(G) & fla
W;%?%ogbé R TR S L A




Arwial /@'La/c&i“ amo( %MMMEL %Ma:&m Qe /—/CG) Ao CLZQCT

|
Exi'ﬂj(’é @ = #(pJ ???O
urKe/w‘ 77 do @ Z‘w&g&w ﬁr-.ijz‘—d? = % wﬁéluw

fn eack W@z@l " H(e)/{

E:EEoO ad & )‘-/*(BG), aWJ

Chotoe) Z(BG)-—-———> f:_l’z-j:*—_ PHFI(G).

Wi M%@m (=2 awd -/*(@) o
M _fo. CIva,w .. . M

W A{ one M.fﬁw& PH(G) &
z W ) mﬂ?w&w Ao tla

@QoﬂQaww

mMszﬂ@%mwmm%G“
aaw/»«u}% Bered  conclitzon . /-/*(@) il W%MMW




=~ S D A= = M
—— e -
2 — o

w%fm/),w%m//w,odeé - G
-mw) Tehe X = Gf6T ki e oot o He

| H) —— (o) = HIDeHE) -
7 , 'i' d e 9‘
| H*(G) d ( ol ’E’G?

G f) P G o g
%ﬂ. M%WO’GW /AG%~94@1+'@94 —
' X

ol —Ielex — %@I+I@7b el
(- el + (ox,




%\w}/ﬁw@ woed Haot (M*GQ = =0,

Bun st ot s do bt Extt, . (k H(X)
Forat "3 wlouio; WH*(X) o:m:i) o ke m&(é) = M G)
Zc HJF(@ ond xe P Ha

B

*,

I

2(6%) = d2)(utby)
= (&) &%l + 1o %]

e <Z) X‘U"*%> s

A ;
2 H(6)." Wit P=Te C. Zreomit
e == e e Lol &

Tt Lot
KA AR
/S




- it oLt Loamophio ag UP') ~rmediis .
|
S uE) e AC s @)

\
CO”“J JZ‘QO fo e Lon cﬂ &m | ;
% W/ﬁ X ;/,;’ L L L il

WDMPMO@

o bl s Mo aiin_of (O wed in fuck  Hyl@)
_acle ﬁfu'uz' on %(@*PG—% le. e odirn o HIX) o é
Wi Ha &/Q*PO el Strudtaie, _ Hsges
p . UEPD® |
i Efo o (b K1) 22 Exf/’ (k,NE%) .

M z(é-wc )’- =i comp&vw

Bt (h AeE) —
L-&E*(@(&) o) 7 EJAMI(M)@EX& (k, AS%)

Ay




—~ = B, (40)
=) e
é__ww_w_:_ Extj@ (R, H*(x)) ~ WP CD Q SC )

/}M U™ = Eat® ad o ow +o (k abhls
‘foﬂﬂojpﬁ— %.vim,@ P‘-)Exki' %W%\fé H«W
: 1 { %
e )‘(@ R ——— Bk (kW)
| S
@ P

N %wum/ W ;F: X—é/ffir

\JAMMWWM WE Eo <o He

ﬁnw

bk, ’/mma_‘ Py @@ L{(P°) 4@“"*7&@ %

\
Bifiton of Ho Feroomorphinn
| 4 & H¥BO— /-rgfg@)/@(;ﬂb t59).

H*(BGT),

(etitiin & H86) s e, H;“[G/G‘Q_;) |




ff I e am : W%{%am %
o Maoﬁ% G.mmc, %caﬁgﬁago{m%
MQG-JM@M%CWC[W%
ol GxL— T ce. ¥V U i Ca omef

Glw) xT) —— I,

G Hoe,T) = (s Ti)| VueC 4 yeats
gs—s I.

H3(x;6) — HQ mga,-z)].

W& X= pt, ad bt e Hg(ﬁfjé)%\ Hg(BG) s
s it wndin 7, o=, @ focall o* o c%w/
W %D%wa Dot @ Io- ML% T o sew
/M ges = ag)s. ()Frwwwm ob/ %
/Ld a /ma% M@W s LT —~ T MVW;,KML
+o ﬁvanof& 0{0 cam abas E@ whiin. a0 a s @ Tff

%UWW) Gm/baiiM i %Waﬁm %—9I M Hort
| w(TG)s) = g ¢96) g€ Glu), & seTll)

|
‘/Zf x € Iz(ﬁf) o) e G-/wwa/ua/mi' do.chisin

~ij . T o L o reppeaentil by 90, and

tniss 4 G~wwwcw‘t’ ;/éIg"(ﬁ@ dcth Hiat-



x—sv'oc = o(

»%m M%/mw %ofa@%/mpa |
ww MMLOWW %&I 50/4//24%0-2%%%(/747/
@e/ I WMW WM" %G'W@W?

[ —

J /w»c /mafwc %O;AW

whine L*zw Sedliitivny  Qmd  wofona

- JelF) = Mafe, (G,F)
| /{:I [F> - GX F.

| wid
UHUM GX Lo Ha @W{ GX/4XF%GXF4
;)/&a,v@n me el Hfake
; HF) = Zlel 8, , F

w%dmc&aﬁ%d%mmww,
JM%MWWW%O%W €5

U — Z[G/a)_]@Z[H( ] Fl)

ﬂv\z( H/a CGW) wi e C/Uw/lluz/gﬂ, cwy exael W %’aﬂm



! 0

(.,u wm%wwhﬁd%f
7;{-—->T/(G/H>

o e — |
mﬁ?m ssxlciwgﬂ #Mmmaém%
MO&M{@W%M %X% moéw,ﬁm
affn wWM mmmaaﬁ% Rawe 4o zwﬂapn

@Mwﬁm%&z‘ _:] %Wfa@ ofenalon | h: T8 T o

G W > 5

| -0t = dlhy
2 )

L o((%)c-éb O.
/z'\.(l M L\%~ %m o R o 7 06 .L%(> «ufg.ueﬂ
A0 G"‘Q(B.MAAIQ/W bt ot %\AW Mﬂog H%”(BGG‘)
%WW oémuo /mcw&/ 7&,% Qé/j Hiien
:ﬁ Iﬂ; ~and a M«J@ﬁg Awu% Y)j- f ~0(/1+/\c€
WWHW}GWw?dfdﬁﬁﬁd

Tho
fpc -‘f')C% = f%-f(p?@'d/m,)c = fo(él/ia(Al;é

(=474



- | /i

@ | [d Ffth~fh] =0  chue Tfrh~fh  TST

/wob”c%{m~i/@ww

T S e R
and 212 iy 45 W ﬂ%
 hfdehi —fhi = dh 7

[[m{@ )] ~f]pi - ]vo/éx




12

j&-ﬁmmﬁ?
— T- 9% = F i~gi+ dg(z-¢z)
@ 0(’[3+<Z ‘f2>f

hf_g = h(t+dz) — g4 —E-¢2)
- AQZ‘O% # dhz

) T e Lids whoa 76 Iy

—
—_—

mf\m he o G ww:!? mﬁwdm‘ Con H((%G‘T)

A/M% @WM% D Ao/a M“
ik e

F G — W)t |

& Initin ppet, f T: TeT (foen o k)
ma,/mm@fm»og % MMW@/M% 7/64\”74@/@0/

‘ ff@l———-—}:[
Ww a4 Ww&uu&%@mw

x%c HBG)T dnd x,g%ﬁ
efproseating Czrc,j/cém o I(/ar) W wndir G,




N /3

1 [dg Z)—J = Z;(@Jv}—k]@_%) A@?ﬂ ’F/d@hJ
| - (e-p)oyp + d@?(dd—y}
| = dod — cp@ﬂp —

vt — o ke ot = (0% )0 i, + ii@@z‘WQ
- 056‘7,®<PWZL+ % @‘C@gl
= o((g,@ 0¥, +C QXQJ%'qZ,@yZ\)

Bt Hio io alas— , , %
| = dh (%,@’ 32‘,_\ = d (/‘%/ ®<]0922 +(~(fjj /‘1&!@ Aﬂ)
b o /\L/VWW‘B e £lr,)

£ U-h, @‘f"“"(")&jx’?i@(ﬁ hi)] e T



wsi ];‘v,ﬁuﬂfi/mz S

=4 v. ML IIIII ‘7’.1/ sl.l-- ,7/3
etz _

&/\e &w\f I 7T N a .
L ?ﬂ $ 7& / - ag %m
2% 7‘0 an W aba d@ oven W@fu/
m @j\w{ I /wd%qg(; aclim; fhom i/cG oawucém
() aﬁ\aao/ GxL, auel %WL e T abe

G'X o’\__
which o e 4%& aadociadid  to e Uns G(u) x I(a)
Yo |d de this' witte a /WMM . x,uizé(/% G7

mmwz%méwmmg GGT " Thuo it s
W&MM

; | T/M@/a , Gx ﬁ - F(GxJ/G/@)

(9%0, wz«a og ﬁﬁ'fd/mwg quch  aelns i 10 Aave a ﬂma//o/
A € Hm (G T)
such that “(2’29 =_2 d@) zeG(U) Of{eé/a)



s

(G O—I/[G/G"')> = {déI(G)/ R ol = £

ze G(w)

| do _ mowr ?wm $ e HYBG)Q_ /ch ﬁg 2 o
| S0  refrarted by hk- g e I6(ht) G uwr
M\ /L*}IOC) heo o Le wTid as ]
G’;"r Ao a  peaeludisn og k A/V\Wf) T/(&/G%wﬂw@

a :
mw%) GXI‘_Z_)
|
.

A,%Lm - Mgﬁ,dﬁuo e -',’ T/ (G/Gyr) %WS
et ha e ITV(41) c%wawzzm Gxe T0”
buen. C?/Gﬁ/%} mamé%, the M%M @)L{ hit— Y-
oﬁ{;@a %o X b M (T /G167
?’ ﬁz}%/@ﬂj é@y),zfo@w fhat

3@»%&% M&mmw?
, %mu%d J R %WM&&?

; Y77 e—S—yY] (BG")/ HE(8G)
e |
H%"@ — H‘z’ (G/G)j/ Hig %>i

6/6%/:»{'%&/%4&% LM%WMMW



‘ o2 I A0 G 2 ot T, , te. a
wmwj/gﬁﬂ & G-actin G%é/a)x (a)G—a T(w). X s

a G-t
%(X]j 4 “W\ (XI) = {cx T | «><GmuH

b 4 o G- oy _pusaes

[(X,T) — T —= ’ﬁ—* I(@X)

— T f'ml
| | AL G‘aﬂf‘iwﬁv\ I



i

a G* X  and ‘M»z P GxX—s X, 77\0M
UWZ% Jrh Janalad m&l |

Y = (e )T e G

- Ailna) = (1852509 e

; 50800809 = (30,90, 99, 130, )
Mwﬂ%wqaamog G.  Ountle A Lo d
S A
L dlygnn) = {(9"“3*") Gaeris o, %) o<dxy
(30)“)311—/)51/ 9‘) b=V

| Si- (jo,)ju, u) = (jo, .. )jwu )ij%) o<isV

ww; G actiig on He firdt factn:
9.y, k) = (gjo)jﬂgw)
mm timflicid GO@W&W MM@%QW%;
7 | \/; - >/1/ 7 | 7
Qo) P (odeds o9 539,90, 8681-5)




d, ~/L1 xccf)( :

Y.’: CxGxX == GxX -5 X
| (;y 3% d Ld /AX
; v )[/ 1@1@"‘,&) l
| 3°JJ°J‘J3°5'IL =

AR GXGXX% GxX 25 X
| dy=prig

ﬂa, AMaam I et 15 wan S e that
Lowess: G oy trisally on X, Hoo
R D))

(G —gpe) <
(¢) +— === (xH-C(UQ)

OHUIL X u) T
(fﬂw W&W% siowsnds of  Glu), T(w)

&HCZMuM 77\2 K:/w‘%»&% M{ZLWC/ /g W’;L G

/

G@/Mg I 45 Y
0~———>I(}() NaI(GxX)——ﬁI(G )()——~>
wobens i T @%J@d&x\l frola

~ (nggl)__)jV.kl) ')(4> = 917[[472)“)%4-/,%) _ 70(7/72)"(7»4,5‘) .
| | * L(3,-9,9,..%).



| (9
1J%ML/IM /D/ I YA Y, érn@m { ‘é k%/@%m

-Wuw) MCJ wW = we on

, . e ) Ll ok
f;g = I%(G‘f,oo ;( %M?J@%T
. = RN A ondussol Ly S

Hhe ban reaslution o He(6) acluy on HX),

L - EJH(G)(I« H(X))%

Jm% é A amgca,ﬁw/aﬁ‘/ %/ j/z ‘
[mm f mgj«m%) T Hb(B6)— HE(G) fBsEe (6>o)

4 - 4

I I8 *---~—~>}I8 (6) bt e & e

ﬂm e HY(BG) io nasarnt e
L(Cw/ HY@@ M‘f’fn& i q % :{at)

W% Wwwm%mg; zgwwcgfﬂ?”(#
J wovafm,@% wond {0 bunser Hhat T KO,CZBM

JS‘



HHBG)—— HE'(6°) — H¥(5)

wwhons G°m+ﬂ6mw&a " C%%L
Wo@@m. Thw S Mﬁmm

§
CWMM WW%G Ag/ﬂd

g & i %

86) — 5 T5(Gx6Y)

£ @ = - F6g)
- Oyl = 94-4

; @C@(ﬁu@ = 3(x4-9) -(3.%3.‘ 'y - g,))

% Fe GxG = { tg,+0- 43, | ost<l

Ao ftt ﬁ Nafot actin of G of the Jw% %\j;e

- (yfa %MM brivsifod @-éwm - z@ﬁ,
e bat a CZM% (7 ”’““/9 IXG/ Y o,
| EG x&6) —— BG

A

& G — (59 = H'(6)




;’ ' @-23 y
o GGG GG 5 G
Py P

-
it Bl e ac/—mmﬂﬁee T

@ | 6x6 5 G = 4t

—_—

| i |
Blo mely fon @ o @ andor (83553 — (59,579,553
wd tonasquetly Ho Bt odlin f G on EG fecemte Ha
ng% M%G‘ %&wdmm el

o S

EG\L_;\ EG x, (EG)‘ - EG
BC — s EGx (86 * > 86

R 17




dag q | ¥

%@WJ&%W fM@ & ol
Hi e — Hy, (8G)

MM\/W{S@% atl, Hoo Gmﬁ/ZGﬁBG e/
'ﬂ\a/ma%a €3 MWQO 7

,wmé ot O W%&M Wh Waéw
W%@A’/M&ZL ﬁﬁmm P *[6)7) }g

Jmew»uw&%o ook od flo maf Bt (x)
(86) —> He'(Q)  wsplictly i Mo case whore G tw diserctr,

fupfprer X o a G-M,'WMW@W

o ’—-9]:()(5 —_— I(GXXD agy . .

| 6 —%I(XOB”‘L I(Gx)@) =——

—

0

ﬂwmﬁ%%%@%,mu%w X BG) and Aane



of%ﬂj%;(as) i ﬁﬁ/i@; fﬁfﬂ
linak ) wadid  fox X. ) a,éodc@ a
&9’07&& A I(G/:X%Z‘) Aar XY ﬂ/:?/@ﬁx/() M
Xo=>ft.  The accond, whil szt @MM;Z %@t 3"‘
fo /e Aw@w dﬂ? zeI(G") Wa,,cm?c,&/ ;ﬁﬂé

w. € I(G?AXGﬁ O‘SZ.$/>

Am)é% Uy =
| ., Afu%f}m =4 ﬁ #Hat  z ¢ T(G)
Ao O /%wmmm%l«,w F3 G-’/’\ i ﬂw 15’/, Mwﬁw

| @z)(g;)jl = z)((;h) Zf}z}

\ = 2(G'p3)-2@) =0
@o‘%d* i cane U= | u=20 m%dam%wt%&

4

d’m/vj/mlo M#anﬁm/ww}@& Zxdq/mw,a/

Jonce ;[z,w./é/ //a/waéuce a cau7,c/& pn) e
Mu@ﬁ/ma,zﬂqwm/m&x w&%ﬂ e a@?vé/

M@M#Z AMeany am
f ’ ﬁg 7)/ %%&AM/M%%



dpone AP = TOExY)  aow Ko ando X k) i pliocls
WMI(@)@/OMMM?,W wakssos dos Ry Tho

e é/ e Py Kurni, Conporninta % a; A.e. b‘:eI(X’éx};’_i)
742/1& ﬁ(w /ma{DAjw Q/&M«jdf /IA% #@uﬂf)m E/ (3

| C.(X) @ Cl,_‘;(y) — G, (XxY)




