SP ECTRAL SEOUENC.E’S
PR BEGINNETRS

’ﬂle ’on9 e)(aot SELlW/n(’,e, ora Pm'f a”ows us ’lZO Complte
H*(X) in terms of Hk(A) and Hk{X,A).

ﬂere 1S a Sl'm"ouf‘ LES ?ar &‘trn}')l@- /BV\JC vt a‘:ﬁ\){'
CluaAm{ng) e’cc,.? LES's dont woerk anyyore. [he

answer (s Spechral Sequences.

“L’\'TZA'\'\oNS
X = CW - Complex_
\We g\)ﬁf X b\1 S%})complexesi Xo QX‘ c ...
—~— ?iltmhm of C*(X) : E’CK
~—>  a8Spciated %(Q.AE,OL mocu\eg

&l H e,

examples () ¢ = 1~ skeleton.
@ “—or a Q‘Je/r bwr\o‘l.Q) X( = Pfe—(ma%e o?
(- skeleton of the base.



Vureres Cuaiy Comprexes
We bae  IF Gk & Fp Cre

~ induced 91 Gplx — GpCi-

~— aswcided graded chain complex  (6oCxd)

and induced Silbabion on Hi(X) -

Fo He(X) = 1 e He(X): 3 xe RCe st w = Ox1

~> associafed graded pieces  GpHk(X)

Hope. Hs(GpCy) s easy 4o compue and it
de+ermrms Gp H (C+), hence Hi(X).

We know it wof\CS Sor ¢CACX

Will o mpute . (X) b\\ " Successive opproYimations”



Overview

Spwhral Q;}\‘Ae)nce, has panes. Each pge 1S
a 2D gr\d Vechor Spoces (let's work over
o §d).  There are aloo aln Rerertials, ard

e ok Srom one g o the ek by aking
\\owm\c%x\.
Fach poae \ooks like,:

A
q Eor,’z El;), E?-.'l

C —~C ~ €
Eo,o L':O ‘:"2'0 > ‘\3 = F\Hm’ﬂov\ \Y\Olex
X:\ K=\ K=1

The I;pq with p+q- k CovfesPanAJto K-chains
ot the Wacous levels of the ¥ HY(LJ%VL

0 e
e.q. Ep,q GPCP’«l P PHL/EHCPW



Tre differentinls dwoug (educe, climension by |, bt
05 € INCMRAKS oo Surthor doon the Filhation.

S@eg'\cim\\\b on Poog o\(ﬁwm&h)s P r units
|t and -\ wniks U,

A ©® o O AOc— @« @ A ® o O
\ 4 | \
e ©o () Q0 —90 ‘*Q
!
i ® z O — 0 ¢ [ J ® ()
> > >
EO E’ E'L

\!\ Cavor able (0SS, each Jve/rm Eprq S’mla{li’tej
with . for instance if the E;,q ate. O outside
the Sirst apodrant (all the diflerentiols ace @\/M\m\\\\ 0).
\We de?im E;\o% to l:e this termu. e 00 pac&zl's
mode of’ these terms.

T[u"nk a\bov\J[ Pﬂﬁk\)a\\, Each ﬂ@nmd‘or lgr Ep?q f](’/)f S &
Vo\in’c\)oM. When Someone Sheets a pouirtball , both the
tovagk and the Shester g2t eliminated

\J‘(e wi\l See: Ep,ac; - Gf Hpui (C:k)

Gomekivies & S\)edm\ Sequm dEW@S, whidh means
A derms soblite ot the some time -



INDEXING (AN Asioe)

The l'nalexfng probabj seems werird - /“SO

‘*’“*j the arpws thm mg\\‘t Seem mqs%’/riaus
H We. msjch Cheose the o]okus vnd eocmg

/5??(1 ) GPC‘L

-h\@(\ JC"\Q, Arrtows are more fla‘(ﬂf [Ll :

)\: : t )\O/Q/O )\lkC
o L () 0/0 ® Q/.
i i z\ o o .\ o o '.\

EO g E' E’L

A dbronside is that (or wost ratual Lilhadions )
te bottom right of the | quadrant wld ke O's.

A\SO Swrre mve/n’te.ol Spedﬂ'&l Seguences Qf g:\:m-\\ms
_W\B/(Q EP? (B Hq(req) wlnc}l IS n;c,e,

/&‘ Y way, Serre's result llustrates the 6enoml P’CHPWL
I & theorem starts wvith " There s a spectral sequonce..
ogf\%e/n whod ﬂ&’d’l_emm oloes is diim‘oeﬂwf pot(lle,



Ueine Grecrear Geauences

[erts Say word about uwiry Specfm( Sequience’s
(ves, bedore we g}ﬂﬂﬂ“% Say what Jd’wq ace!)

Often, when using a ’omg exact Sequience the
kpge s that there ace lots of zeres. for instance,
& every third term, s O, the (emaining raps

&fe.  \Somelpnsms.

[t's the sowe with Spectral sequons. Here's an
emméw. We sad thak in Serre's Sped&m\ ?%um%
we \rowe Epg g HP(B) H@(r)) So it Bis
m-dimersiol and F 1S ﬂ*dt‘memsx‘omI) the £ g
Paoe l\'Vcs in the mxn f(’,danﬁlg,:

A 2
_— Emn

S

AN
Ve

E'z.
A" ATToOWOS ﬂofng n ¥ owf of Em,n are O gr r=72.
So: Emn = Emn £ Hman(E).



‘ZTZMAL’DEDN)’HONS AND gTATEMﬁN‘rS

90. we hove the Xp) ﬁ?Cx) G/’ Cx as above .
\l‘!ﬂ, Sd? EP% GP CP+@
D : Ep q EP? (= usual boundaq B)

Then l‘:p is obtained ’9!1 taking lwmolog
at Epoh So p,o; HF"Ct( PC*)
& a| ' EP,1 Lp-l,cl (s OIQFnEDI as .
given o€ Epfq , represent it "‘t a thain
x¢fp Cpg ~— X ﬁ:CP-HV\
— B.(oc) = E8)<3
In other words 9, is the usual 9 inthe
Same Senge S X Hn(X,A) - Hn-l(A)
s the usnal 0

Exeriise: O is well df & B’Fo

Aoin, Epg obtoined by ki homlogy :
,  ker(dEpg —— Epag)
EPD% ) |‘m(a| :E-f"”"i .—-;EP:%)




{‘“’V?CP*% : Ox € V;‘VCP%‘&
Fp1 Cprg 4 I(Feer1 Cpuqon)

wherte (@”\1 e Quojcfcn% b‘i the intersection
o¥ the Olenomfm:ivr loul the I’lwﬂ\”/mfbﬁ

: —
|n %LMYZ{/I . L‘P’Cl =

This is an appmxﬁwaﬂonzx u\d.cs/bouvdm\'es: t

& chotn has bawdary, but the bourdany is S
dovon. the g\i\r\m‘ﬁm, we. copsider it Aydle ($or vow).
S\‘m;\m«\\\, i¥ a Chain s \aov\v‘dan{ oy /4 Chm\n much
\\ig\\,w in the $\beion , we conside 1t to not
ke a \:o\mAM\ (hor vo).

/P(Oposﬁ\f\ow‘ Ld (\—-}C* ,3) be a { Hered Cpmp\ex) and
Aine the By as oboe. Than:
02 induas a well-debined mp

— _ 2
O Epg — B with Or = 0

@ E™ is the homo]ogq of (E{)a()
@ EF:q - Hpmy(GPC*) |
@ If the [Heation of Ci is bourded V¢ then
Y 2Lk i( s Sumcferﬂ’rlq lafqz them
EF;L i GPHP*‘l (C+)

(E/? EY\eMci se



C k=oop

Here is a schematic of a gl’cmhon, and Some
chains in 1t

Go the eo\%L 1 |I‘CS in )(3) l)u’c J\Jrs Eounolan(
lies in XXZ) oand 0Ne cOmpawrt of the Eoundanl
ll‘ts Ya \.



thh a@vf‘ox\'m’doni _E\\Q. ‘ooundan‘es mn XP/ XP-\
So a chon i Xy 15 a cale f 15 bourdoy
lies in XP"‘ In this appmﬂmh'm, the
edae \abded | s not o cyde bt the othes ace

rirs% appfoxiwaﬁoni 0? the (emu'ning clrains) See %C
ﬂ\ﬁk\ Wove, ‘Ooumo\ar\.\ ' Xp-\/XP-Z) et .

The ed%es lbded Z and 5 have bowr\darw in
fe | Opproxinradion. .
The GAO\Q, \a\)eXeA A— hos \)out\dﬁx\’kj in e 2" RPPOX.

A each Stage we take \\pmo\og\b 0 at the Soge
when we discover a chain's \Doumlosn{, the
\DoUmAtMU\ opks killed and the chain with kwrdan\

cxb’ts Qr%ot&m e Lt is nt o ctjdg,.

( Can thuink o? Searohfng gr ecch chain's boundwﬂ/\
with & SJ(TOY\(&Z[ & SJC(Ongf ga&\«\%\l*)

These Stoges are exad\»\ the pages of the



Bage XAMPLES

Framfe £ Y=%5 X=X X= X=X

A A A

e S

<<
\'"4
<<

A
>

EO El E’Ls E;o

Frame 2. X =%2 ¥, =03, X = fumd, Y= X

A A A

\4
\'4
\'4

w | e we-e

EO Ei E'Ls Eoo

0f conrse we get thak Ho(X; F) =1 both times.
The Sirst Spectyl Sequence gives

Ho (X) r) - <V, W>/<V’W>
and the Second gives Ho(l}r) - <V'W>/<w>



“TovpLER EXAM?LE

Fxamde 5. );2 ﬂ)?(’io)mth uasual cell decomp. into unit SquAes.
X. - X(l)
Yo = Xy U one Scluafeg (%7

\4

Dooo
oo
oo




0 o

O 0O

oood o
>

F’ N
@

A

O

O 0O

O O N
>

E(

Eventually, all the Squares et killed.

Ths Herh‘an is not bourded, so ww' I peed to Think
aboxt dicect lmits (o do a finite gn‘of IhS’tﬁ?d?)



“THE ONE -AT-A-TIME QPE CTRAL SEQ\AENCE

Similar to the last QXaW\P]Q) |e’rs Compwle the hormlog\(
$ T° b\ at}d\‘n% one e\l at a time . L(SeZ/Z

u €2 . )(o: {VI X?;: XQU €3
X: L 2 X\: %0\)6\ X4SX3UM
; Xo= Xiv e Xe=Xgul
A A
Vet e, ~ Ve U
() : (Y E
Fo-E et U E ~
L L

Here we ave a g Pl\emmenon we olidnt see in the last
examde. The cell L does have boumdaft( in FzCs namely
ey, Bk € has dresdy been elimivatedt. The natual
wy o hardle this is to odd U 1o |, Since U s the
e\l tat  diminded €3, This is oK, since. the Efrci (S
Al O\Oojde)(\’(S. £ e do this, v gt ot E*=E% ard
that H*(TZ) 'S %emm\ed by v, e e, ¥ LU  as

usual.



A?PL\CA‘\‘\oﬂr CELLuLA‘R = SluGuLAQ

Top For X & A complex, Hy(x) = Hy' (X)

B Lek Yo - X ( Fleation by sholeta).
~= Epp = Corg(XP)[Cprg (X7

~ Epg = Hpog (X7, XP7)  (by defno sl hom)

: (P (P) ~ C;m{x) -0
Reaall Hr*%(XF)X(P ) 2 { 0 ?VO

where C;e“()() 's the Ffee, F-wodule on the p/ce\ls.

Now: 3+ Ho (X X7) — He- (P, X*)
s the uswal 0 (¢ LES for Hriple)-
“This exac)clw (ecovds the duin) maps of the

P-cells b the (p-1)-Skeletom .
= L prae Is Hff”()() in botHom row,
and O elsewhere
=>p@:E" (the speu Seg. degenerates mpac}eZ),
The pro‘)osﬁion j:o"owS. )



AvvLicAnon: K inNELH

(C+2) , (C4,d) chaim Camplaxes over a field
((RECU)k_= @ (:f@CK

fﬂ:k

ard Jep) = ()P ¢ (1) k(3P weC:, geC;

’.E(i"' “The natural map
® H:(C.) e HJ’ (C) — Hey (C®C')

""'J--'k
\S an |’Somor'9tn'5m.
Pf Defie Fp(CoC) - é?? Ci ®Cu-i

Have d(cpe Cy)<=(3¢0 C @(q,@a’céo
S(Core C)D(Co® G-r)
S Gp © G

S we already see that the spectl Seuerce wl|
o\e%u\mde on page 1. The differential anh1 reacheS
dowon  ona \e\le)« 0‘3 ‘H\Q 1(? HYOCHOVL.



rr;w\ OL\)O\IQ - ao = (—‘)P ® a’

\!\le want Ep:l = ke/go/l'mao . NOk the (-I)F a/ocs
ot affedt the Yerrel or the \'ma%@,
s E.pt‘( 5 the l\omologL' oF the Chain Cam,?LQX
=G T (oG — GG
whidh 13, 19\1 deFinition H*(C;;Cf)-
—\Tm umversal caemumt ﬂ'\QOY@m 1(;»’ homo ’0611 .
0 — Ha(C))® G — HalCr; G) — Tor (M) G)— 0
Put Tor (AB) =0 T Ao B s Aorsim Jree,
= W ((;G) 2 H(G)eG
S Ep 5 ¢ Hy(c,)

N&XJC 0, 9d8 1\, Civilar as obove EF; s the
komo\otm s\

@ () — G H(C) — Cras Q) —



\l\{e, afe Wm(\(mc} oy @& ge'd go ﬂ\e Hq [Cﬁ) are
‘torslov\ Ir}ee,
—— can apf)’q UCT as abeve

~— Epy = He(Co e Hy(C2)) = HelG)® H(Ci)

Each ekt of Em IS fepfesm‘fed 5{ %4 ®ﬁ where

K 1S a cyde in Cg L, p s & cycle mcq(

= X P Isacyde in C@C*

= all hl‘g}wr oln'%fmﬁ‘ajs Vam'sh) e. L'=E”

The pri o?osijoion {; llows

gf the K[Annvﬁ'\ gormwla, qm 013@ woart o know ‘th&d"
Hax (XxY) 2 H)&(C*(X)@ C*(Y\), Lut this 1

Straidifonand with simplicial homdogy.



Fieer Buores
Nech 6oa['- Le/aa‘ Serre Spwtml Sequence gf mxr burdlles

A (‘Lvr bundl s @ Space that ’0&:\“\1 looks [ike &
pfoduds (pe)(\\ogs r\cf 6\:?‘)&“\0,

Ers* Q/Xamiﬂesf Ctdl\‘ﬂolﬂf , M'a‘)m'us bamol Qarg [0> 1 - \wmo\\es

1
over S

Debinition. B = connecked spmce , b e B bas poirtk
A Continuous map Y LE—-TB 5a
(ber bundk with fber £ if
V xe®B 3 openrbd U & Yu as Q/owsf

Tr"(b()‘w_* Ux F

|

U
Clber tok
\/\/rijte,f f —E Space



ExAmpLeEs

0. Trivial bundle E < FxB.
( Covm‘ng Spaces. ‘: discrete St

2. Calinder &, /l/lb'bivts bond . F:I) KBfS'
% lorus R \(\ein beitle N S')%:. Q'

4 Nedor bundles , e.q. ‘Ean%am burdle
5. 6‘7}\@(& bumlles,e.g. unit Jmn%(ﬁ} burdle. .
Hool fibration ~— T3(8%) 40.
G. Mapp’ng torus  B=5'.
7~ Lie ﬂroufﬁ. G"' Ll‘C 3roup) H:Compad Sul:group
H— G
|
G/u
ln ﬁacjc ans IS a Prfncipal /‘l 'kund’e - H acts
n Q& F\'Wuoi& Loy o £=6G.
Q. Mof& L{C SrouxpS. E = Spooth mam'g/a“
G = Com?aof Lie 9p
COE fredq, Smoofh’ct
~ £ — ]G

Bosic mlol.mMSI clasg’\gw bundles . understand sections
(Ha;rw ball theorem 1s & Section prvb'em.>



UnrmaRy  GRoups

laner product on C": {uyvy - Z WV,
Uln) = IMe GL.C : M preserves <, >z
Su(n) = §Me Uln) ¢ deb(M)-1]

’&)jg. We have « m»r bundle S U(n-1) ——>Sl/i(n3

67.&1‘- ’

/Pﬁ‘ -SM(V\-I) comFact Subgp of [;‘e g fg(/f(n)
Go suffies 4o show SGUIn/SUM-) = 5™
SWU(n) acts tmns;‘éfvcle on unit Sp)wc In
C" | namely, g Stablizer o & pornt
's Un-1) | e.q. stabilizer of e, 15
( A o ) Le SUln1)

O \
/\Drcog #7 . S’coreogm‘?h‘c projech’oy(, 'S congrmal-
(O(n) version ) So the inverse mMaps the trivial
SO(VH)— bundle over R o the trvial

SO(n-1)- burdle over S™' \ north po)e,.

n-t - (v, [rarme) — (¥, {rome,)
{Qt ?: S())(n 0 ¥ Q/)' ’;mm ofﬂr\onoma/l.
pt, Yrame -

—— f

/




for =% @ su() — su(2)
U 3
= au2) =S

Am@t\w oy to see tns:

S 2 N FY L P
SU(2) = {(-E i) e 1}
The equou’o‘ov\ \04\1+|ﬂ|13\ qives wwi Sp\\m \n (EQ.
Also, SU(2) = Funit quaternions]
-(5) e (5) ke (1)

We o\l use “the gwe S‘)wtml SEOI/U\WCL o compute
Hy (SW(nY) S;mr n=’6,4. (J\]o’re, Hy; (SO(V\)) 13
a\(eao\v\ Com?vnj‘m)\ g gﬁc. D uc Ha‘rdr\yr ) us\\nq

G uag\%c;\t ce\l D\CLOM?OSﬂT \‘om)

ok of e Pownt s B Show oty Spechral equenes
as a Mo covoNe oNen. — ogzten Yyou Can %(ck %mﬁﬁ

o8 ok witn W it o ceep ool o 4he

LONeX~ W o(\dﬂ%g .



Sevve SpecroA SeQuENCE

711\9_ et E—B ko glx% burdle voith QW
F. Then there s & Spechml Sequence Eprq

ot Epa = Hp (B; {Hy (5))

and CDYWE’/(ﬁMﬁ to:
Epor; GPHP’W(E)

g’\of Sorre QHWL’HOW on H*(E)

No’ce,l _Tﬁe CD@@C\‘MTS hwf e are ’Of_m[ - Lo ca( COem'cl'eVrfs are
the spme 65 constont  coeflicients when T (B) =1

Loux\ Coe,W\'de)/\JcS. =17, (X) | M- 7 (v} - module,
’)U< = wwiversal  cover”
Then Hy (X D) is the homology o

CalX) &y M
really this Z[n) bt we emphasize the W—"

For teo \E%C modules AR over a fing /P\) A8 B is
the alodian group opn \9\1 fd@ b} SU\\J\\)QC& to d.’slri\mxﬁ\/l“h(
and: a®k = @ o (e S;C\D(‘ oul \>\1 ?’adﬂor\)\



A’VPL\CA‘\’\ON To Slk(n)

S)
o | Q Q o
E£'=E” © 5
& K=O)3)€)8
= \{k(Su(B)): O otherwse .
CAnd Hy (Su4)) = He($*%S%)
L) —3
5403) o A o U3 ULW
5|8 (N) 87
3R Q
o| & Q_ ]
!
e © T

K=0,3,5,8 10,121
= \'L\‘(gu(ll')) - {O otherunse, -

- He(8*x5xS7)



Uﬂ(;ﬁuﬂ&{‘d\{ {or SU(S) there are difleranbinls
‘to CoY\Si(}P/C

N
1S | @ (]
17| R 3? @
lo | Q (I,
8 @ @2
1 Q (]
O

5 ® R
73| A Q
o | QK ®\

o 9 7

"But J()WUA\ m out to ke ?WO!
Thee HalSue) = Hy (85 x57x 52

’lTlese, SPace,s ofe not Lomobﬂ CD'IAW&‘(M’H



AN EXAMPLE WITH I\]oATEW\AL GEFDC)EN‘IS

Lets compute H* of X = k’ei'n bettle with gerre:
B-S =< , coellicionts M= or z/l

2 Ho(B; HU(Fm))  H (B H(Fm))
Ho(B; Ho(Fm)) M, (B; H(F; M)

B

“The Spedml Seq. 'S de%arwrzdz7 o 1t emains to
Corpre the hom o\og»( 9pS (o Sdhve the xlevsin Q@HQM) .

g

E

Do aqenendors tor W (B) & W(FM) by b5

The ackion M, (B)UHK(F) (s trivil fa( k=0
and gjiven b\\ b |- 'Sf\\

So botbom o tas  Brvial (not \om\) coeq[ﬁc:\‘e)/ﬁs\

‘(-\‘ Vo Vi _B
LL‘t'S ‘COW\PM{'Q, H*(B) H\(FJM)> ) e, e & @

Fest, Co(B)® Hi(F5m) is g, by v.8 )
Subj%’( to \/;@?- bv, ® 'o!; = VL'H®'¥= ‘Vl'+\®¥
~— it s Gen. E"l \/o®¥

gl‘m'\\cﬂ\\\, Cu(%)® H\(F) M) IS Gon "‘l 30®¥



~ dhan COmP]QX
06 1
0 — C(B) @ H(F;M) — C(B)® Hi(Fm) — O
€\®¥ — (v, ~V0)®¥
- v, 05-vet
= -ZVo@VY

= H/(B,H(F;2)=0  H(BH(FD): 2
Ho (B, WS Z2) =22 Ho(B H(F2/2)= 42

TZ/Z 0 Y U2
) 1 7 N 2N
2 over L Eq’ over Z/L

“This agees with whot we ¥nows:

| A k=0 2/ k=61
Hk (X; 7L) :{7[@7}/2 k= | HK (X,' 74/2)= {(Z/z)2 k=]
0 K21 O k>L

fr HUX;Z) hoe: 0 > Z—H(2)— 22— 0O
Neeo( to V&n‘ﬁ‘ this s the trivial extension -



\nsioe e Ceree S5

Lﬂt /B? & ?-S\fele‘kon o‘? B.
[p Cx(E) = singlar chairs sugported in 7' (BF):
> GpCa(E) = Co(W(BY), 7 (BP))
e £}y = Hog (78, 7 (B5)

(an calewlate as o diteck sum over p-cells

T DfF =B of H?w of pullback burdle :

Ep = ® Hpsg (7B, (1Y E)
v N~ Pmllmk

bvmﬁ“&S
= @ ?X P-‘
; Hprg (D F, P E) 1 e s
Cormecked SpACES

= @ Hot(’?) gee, Ew-o,n\(o P- \A—O ore &Y\‘Vfﬁk‘

T

Claim.. The latter s C;d‘(’B,’Hq(F))

P (R Hy(r)) = Ho(BL B 5 Hal(F)) e
Py g =, He (97 ; Hy(F))
- @ He(7/37; Hy(F))
- ® Wo(F). N

\We nou V\cwe E1. chfc's theorem w(;”ows.



“Tue 65121215 58 v Cures

Let C+(E ) be the cubical Ssingulor chain Comp’e)(.
ﬁ) CP"%(E) ? Spoan m(‘ the S)(\gu'mr“ cubes
T I — E st eq is indep
of the last q  Coovdls.
guck o Cube gn‘ves 7 horifzanfa{ p-wJae Uh and )
by restiching o the centor of @) & vertical

q-c\)\)dz, Jv.
T Th
r\c‘b Q_ C3

— chq(g) > ® CC‘(ECW(O',\)S

T, IfP-B
T e ( q—h) T\/)

We thon med ovt by degervale T, the ones
\r\o\v{ of the last Coorvb"rr(l}e,, and obtarL

T Ef’; = GPCP*%(E) __)'(fg?if’-—fﬁ CC;(ECW(O’,‘D
Non eﬁ



—WUL oy WMWHQ\ Do on\s)\ Considers ‘Hfm \/M’Hm\ laounofaq,
e, Jowes obtoined b’l %r%zkkin% one of the last qCaJm‘S

ik

So W & ()= (T, W) then:

F.(99)=(1)" (W, O,
le. g:i benoise l)oundcxn{ )

So Eo nduws « Magp on homo\ocw .
N Ef% — ® F(%(Ecm(m)‘@(g) {”1(5)})

. I'—R
noYdQ%?/ﬂ

HOMO{OP»I |lﬁ'fn3 me (»:r cobes ’@E\ has ant Thvere
(given (Th, ) | homo+opa 1 aound 1o (ae‘r the Ongfmj T).

di is the horitntal boundary. Need 1o use
@m\\m\ fransprd to Yow  this agyees with the d.%ma\
on Cp(%jiuq(g‘)z)



Oner Svecrrar Seaueness

\-\\Y\do‘f\“ HoJ\Sc}\'\\cl—Sex(e, . Givm | —K— G - Q - \
there is & Spedrau\ Se%uemw wvthe

Fer = Hol(@; § Hy(K0F) = Hoy (6)

Cafjcod\— L@fa\tl GN@n GUX gfet and P{b‘)@(
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