Seecra Seavences Updeled Sy 4
PR BECINNERS k22

—”\e Ion9 e,)(aoi“ SQQM&HCQ ofa me a”ows us ",’O CDmpIItQ
H*(X) in terms o? H’k(A) and H*{X,A)_

—T;\ue 1S a Sl‘mila\f‘ LES gzr a ‘trl'f)l@. /&\&t St a\:ouj(
quadrugas, ebe ¢ LES's dont cwrk anyyrore. The
answer~ S Spa:tm& Sequences.

"—\_\ZTRK“ONS
X = CW - Complex,
We fher X b~1 Sw}JcomplexeS'- Yo €X, & ---
—~— ?\'H:(cd;l'on oc C*(X) : E’CK
~—>  (3Sociaked gmlea. rodules
= F CK
Gka P /E}-\ C,K

exampes O Y¢ * (- Skeleton.-
@ For a Q\x/r \Dvmo\hz) X( z f?(e—l'ma% o?
(- skeleton of the base.



Vireren Cuaiy Comprexes
We hove T Gk & Fp Cre
~ induced 91 Gplyx — Gyl
~— associded gded chain complex  (GpCx,0)
and induced Giltvabion on (X)) :
Fo Wk (X) - 1o e (X)) I xe FoCe st = Tx1
— associded gqraded peces GpHi(X)
Hope. Hi(GpCs) is easy to compue and it
determines  Gp Hx (C+), hence Ha(X).

We know Wt werks Cor gcAeX.

Wl mpute \l*(x) ‘)\1 " Successive appmxiwuﬁons ’
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A Spect @l
& ZD 6r\d 0

vesXor Spaces

uence has pages. l‘_;dw pa.ctu‘s

(let's work over

o Qe\d}— There ate aleo diwe/rey&ials , ard
we ok (om one pog © the next \"\ ‘hx\:\\mj

\\omo\c%\\.
Emh pagg \eoks like, :
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‘:_,2,0 >?: EH?mk\ov\ \‘Y\Olex
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The Epfq’ with p+%=\< CovfesPov\A

o K-dhaing

ot the wacovs levels of fhe Blvaton.

e.q. Epciq - GPCPW - \'_\; CP%/FP-

Cor



Tre differentials Auwovg feduce, climension by 1, buct
05 € INOeNRS ﬁ\m( 9o fnthor dowon the & hadign .

SQQQGUX\\\{) on page A Hferertols P units
\&t and -\ uniks up,

A ©® T (] AO®c—@«2@@ A ©® ® o
\ J ! \
e o [ @~ 0—90 Q*.
| 1
i [ ) O —0 < ¢ o o o
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EO E' E'L

\n Cavombb, 0%es, each term t/pr q Staby lies
win gf Inston ce igt\ the E:,ol ate. O outside
e Siest owodmnt (all the diflerertinls are eA/mhAa\\\\ 0)‘
\We de‘?\rm, E;,o% to Le this term - “The 00 Pa(&al'&
mode of these terms.

Think abeut p\rﬁ\)a\\. Each Genoror for Ep?a] gets a
Vodn’cboM. When Someone Shoets a pafmlba\( , both J[}w
{‘M%z\- ond the Shester Od&l‘ eliminated .

\l‘(e wi\l See: Ep,oc; - Gf Hf+1 (C:k)

Sometirnes & Specys) Seguence. dlegnorates, whith means
A\l terms stobilite ot the came time -



INDEXING (AN Asidg)

The indexing probabw seems weird - /“30

way e arews twm mlg\\’c seem mystenous.
H: We. W\SJCCQA d\oose, t*m olovlous »’\d e')(lnﬁ

Lpg - GPC1
ﬂ\m JC}\Q ATTowsS are more namml :

)\: r : A ././. A .k.
e o () e o () e o (]
i i :\ ././.\ ./.\

Eo g E! g E—l g

A doronside 15 that @r posT mjruraf QM%lbnS )
the bottom fiaM of the 's,’r qulmMT would ke, O’s.

A\So Sexce mve/njteol Sped&'v\] Sequences gf S:\afac\\ms
_YRB/(Q E:?i (B Hq(re% u)‘nok IS n;ce,

/B«\ e way, Serre's  result lustrates Hhe ene/m,l px&e/m,
\f “Thﬁofm Stats with " There 15 a Spcdml Sef,ium&

Ogcon whod J(h!LH’LeDYm oloes lsdﬂsenlaeﬂw[ P‘%@



Usine Q?ECTPJ\L Ceou ENCES

LL{‘S San{ a bJo{‘A aboujc (Aanﬂ specfm( §eqmenczs
(ves, before ux 1C0rvm“\1 Say what thay ace!)

Oﬂ:m, when usfy\g a "’V‘ﬂ exact Secluenca) the
hopa s that there are Iots of zeres. For instance
;S; eVQ/r\{ third Jtezrm s O ) the (eww”m‘ng mMapPs

&fe. \Somefpnsms.

lt's the same with Spectral SequenceS. Hewe's an
em\v\é.a). We sad that n Seree's Speck\”a\ Sea‘umu/
Vo Epy = Ho(B M), S if B is
m-dimensiol and F 1S ﬂ‘d\‘m(’msioml) the EZ
Pa% l\'Vcs in the mxn fedanﬁle;.

y
\ E/E:v,n
E* ’
All ATrows cjow‘ng m % out or Em.n are O ‘:;r r=2.
So : Em?:,-. = E”o;»n = I’(M+n(£).



F;RMALDEFINMONS AND gTATEMENTS

Say we hove the Xp, I?Cx ) G,; Cx as above .
We et E;alz GpCerct
ao : Ep?q - EP#}" (= usua bOMY\daﬂ1 a>

Then EP:@ is obtained 51 ‘cakfnﬂ }wmologq
ot EPC:Q, Se Ef:o;: HP%(GPC*B
% O+ Epg = Epag 5 delined as:
given o € Epfq , represent it by o chain
Y€ WCM ~ X ¢ ﬁanquﬂ
—~> 9,(«0) = [3x).

In other wordls O, is the usual d inthe
Same Senge as O HJX,A)H Ha-1 (A)
s the vsmal o

Execise: O\ is el df & 9, = O

Agm‘a, Ef:‘q oH'afned b«( ’%akmq ;low:ologl.‘t
. k(3 Epg —Epag)
EP"i T im o ¢ o
(30 Epng — L)




{\((’ECPW : Bx € r—er(V\g
ﬁ)-\ Cp-w‘r 1 B(Fﬂr—\C()-wp\)

wherte (Ca||\1 e qvuojcl"mk b‘i the intersection
o¥ the Olenomfn%l'of 1911 the )’lurﬂf’/fﬁoﬁ

In qmaml: Ef:q _

“This is an approsdmﬂoncx a\dzs/bouvdm‘cs: it

& chan hos \oow\daﬂ\) but the boumdaxq is o
dovon. the Q“m’dov\) we consider Tt reyde d?or mo)
g\‘mi\m(\\\, ig o Chain \'sa\xw\dm\{ og & Chain  much
\\ig\\w n the Q*ﬂx\ﬁon, we. Considu 1t to not
N \ao\mAMt (For now).

’Proposiﬁow. | et (F‘:C* ,3) be a { Hered COMP\QX) and
o\&‘vm the E:p:q as above. Then:
03 indues o well-dehined map

— , 2
ar‘. E‘;% —_— L);‘V)q‘\’f‘l b\)]{h' a{ = O

@D E™ s the homo]osq of (E')a{)
® EP:q - HPW(GPC”‘) |
@ [F the mfrxh‘m of C.’ s bourded Vi then
V P9, i( r s Sug:”01‘mjr't1 Iaf%z thor
Eplq = GpHprq (Cx)

’/ij_ Emci se



C a=ooN

Here is a schematic of a m’fmiion, and Some
chains  in i+

> the edge 1 lies in X3, but its Eovmalan{
[tes in Xz) ond one Compm@n‘f of the Eoundaq

[ies W\ X\ .



Zevsth a‘pprom‘ma’cion‘- “Toke boundaries in Xp/ XP-\
So a chain in Xf 15 a cyde SUNTE \oowdaﬂl
lies in Xg-\- In this appaNmation, the
edae Wded | s not o cyde but the cthers ave .

Evs% apgfoxim&ioni 0? JCM (emm'ning clnains) seeic
They have bo;mo\m\\ in X?"/Xf”z) et .

The eclges lbded Z and 5 have bovmdaq in
e | Opproxinradion - .
—W\e GAO\Q, \a\ae\eA A— has \buhd(XRj n the Z" RPPIOK.

A each Stage wse take Mmo“j@i’ 0 ot Ye shpae
when we discowr o chain's \Dovmol(m{, the
bom’\Aaﬂ-\ opts killed and the chain with \Dowdan\
CXL’VS Qﬁy&u\ e Lt s net & C,(jd_q_,.

(CM\ Jcl/u'n\( 0? SE&(()fll‘\f\g g\( each choan's bundam
with & S{TOY\%QK & Sb’ov\og[ gaSN‘%\I*)

These Stages ave emdc\»\ the pages of the
s?wtﬂ\\ seqnence -



Bagy LXAMPLES

E)(ample 4 X:V'i'w ) Xo :XM ) X.: X(”:X .
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w e weke
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0f course we get that Ho(X; F) = both times.
The Girst Spectyul Sequence gives

I"lo (X) ['_) = v W>/(V’\AJ>
and the Second gives - || (Y)F) = <V'W>/<w>



“ToppLER EXAM?LE

Examp\e 3 X= I with wsual cell decomp. into unit Saces.

Ko X7
X| = Xi)
Y = X, U Yo Scluafez A
N
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ee e | 1L
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E°<E
N
0 o
gooo
EII:IEIK >
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Eventually, all the Squares get killed.

—TFfs H‘Hﬁd‘fm s not Eoum'ed, So Lpu'l( need fo ﬂ?u”n](
abort direct limits (or do a )(imjce grwl IhS’t@?dZ)



Fine Pripe

\f‘(& ueye o \iﬁ\e \oose. in E)(amp\e 2 'n ovder ‘fo o{o
more  complicoled (’,Xo-m?\ns we need to (ec:H-‘r\ ths.
r , Y
Considor tha. differential on the £ prge

A

\

\'4

were

“The mep hee desnt woke Sane Since 5& does net lie 1n W

\{ e read B debinttions ware Ca(P?M“\\, we sethat we shold
ha\le« writen_ - A

<VH

\'4

]

<>

_ <v,wo
—‘:\«“6 \\omo\OS\{) un,\m-& t_:q = /<V,\I-W> = 0. So Le
gzt the Sawve anSuer as \J&gﬁa , QXQV\I we'(e do?vg t m«ec\l\(.

b this exavple | wr\"ti«) o, VY S;\'xes e codomain oF O

| othor exompes (like B naxt Auo) writing the Ef:} 05 quotients
can ko coneck B domoin o Oc. As e\ see, we need 4o
chome  Co%t fegs Cwe,?w\\\t So the Wmogp o} dr lis in the
carfect torm of Yo m{w&\m



A‘DOLESQENT Exmu;

,nsg‘red 81 e last two examﬂes, ue considor S?ec:\m\ Seqvences
sssecicted 4o g Hetions where we add ore coll at a time,.

Lcks comple Ha(SY)  his woy. “The g\?‘\{m\\m

Yo [
R2ARE Y /x |b
to e i Ya 3/ i~ }
shovies T ST
¥ \QVQ\Q X, \!\k
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The ONe-at-A-Time SreareaL Seauence

Sim;\ar 1o ‘H\e LD\S]( QX&W\P]Q) |6{'S ComPVclre HUL hamo,ooy\

o T* b« ao\d\"n% one c\l ot a time . l,(3e74/2,

\4

—
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A
X: A ] A €2 X1 Yov e ¥a2¥XaVU U
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> >
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o> N P
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<e.,e$ Lu> 0 0
Eo = E\ <}£\2 E’L:Eg a <}A,_L>
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\N
A
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> WAN> S
<e—\,2"l.> 1
e
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Mors Cine Fowr

’Bft 4‘ °r ‘H& main Pm?os'r('ion Saijt
Ef’?oc; ) GPHPMI (C+)

|Vl the above emmp\eﬁ) s J(emp‘bns {o ‘U\l'nk
of exch box on the K diogoral of the £ pup a5 a
divect S'Mmmm[ of \’lk (X)

Bt the abeve Stetemendt 4ells us :
Eox s « subgrov? £ v (X)
En?l’n-\ s o subgavp of H\(X)/ Lok
E;fk-z IS a Sul;gnv? o) Hk(X)/ <’5°?;,E'3:-:>
etc.

Ef \\"\S{'mr\cq.> tn e \0&5& QJX&mé.Q}, 'afuc Elo,: en’br\l <€.>
\S na’tuw&\\\\ a Slk‘osvov? of “\ (Tz) ) vhile the E—’Lﬁl
m <e ,6'2-7/ ey \S na:\\mx\\\,\ a Su};gmo‘) of \—\\(Tl) / <H3
\n Ahis Oﬁam?\e, , its hadd Yo %Q,’( lost , bt in more
Comeded OXawdas, it is imordark fo keep his Straghel.



AWL\CAT\oﬂr CELLuLA'R = gmGuLAQ

cell

Top. For X o A-complex, Ha(X) = Hy (X)
’_P_{ Let Y, - X“) (ﬂHm*Hon L\/l S’Ee/da)
~— Epy = Cora(X?)[Cpq (XT)

> Epg = Hosg (X7 X7) (b defoof sel hom)

: @ (PN ~ C;:’m{x) =0
Reeall: Hm()(”)X(? )) - { 0 ?Vo

where Cfce“()() is the free. T-module on the p-alls.

Nowo: 3+ He (X7, X*7) — He- (X7 XP?)
s the wual O (¢F. LES for Hrip).
“This exaddw (ecovds the duirg maps of the

f‘>~c,e,\\s to the (P«l)~slce[c;[-on.
= £ prge is Hff"()() in botom ros,
and O elsewhere
=S LYL" (the Spec. Seq. ale%wm\a mpaapZ)
The proPos'\‘Uon ‘co"ows. Wi



AWLIcA‘r\oN'- K GnNNETH

(C+3) , (C+,¥) chain Cam,o[zxes over a ﬁela(
(C@C')k-' @ Cl‘&c\;

thy=k
ard duep - (3)6B+(-)' k@ (IP) weC,, peC

’_EQ‘% “The natural map
® Hilc)s H;(C) — Huy (CeC)
HJ:

'S an {Somr,;vqusm.

® CieCei

L Deline b (Ceoc) = &

—_> EP,OQ = GP(CQCJ)Pn’ = CP®C1’

HMVQ a (CP ® Cti ) E (BCPQ C,) @(CP & a,CL/L>
=(Cro C3)O(Ce8 1)
S Gp ® G
S we already see that the spectl Seguerce wl|
Ck%muﬂk on fn%z 2. _”Lz_ d.’ﬂ’ef@,ﬁ.‘a( onh1 reaches
dowon  ona \e\k’)\ 0‘3 the ]Q HYOCHOVL-



Fom above: 3o = (1)P @D

We wont EP'@ = ke(()o/l'mao . Na}e the (—I)F a/oes

ot affedt the Yermel or the \’m%q,,

> Eplx" 15 the '\omo’c)g% or the Chan CoM’?LQX

= G oG = CP®C‘,l — oG —-

whidh i5, by debinibon: He (Co;G).

-Wm univwsd Caemu‘emt ﬁ\eovem rar ;\omo ’oat( 1
0 — Ha(C))® G — HalCh; Gp) — Tor (Hai ) G)—0
Bt ﬁr(A,B) -0 A or B is orsim ﬁ%

—= W, (G ;G) 2 Ho(C)eG
So Ep FCe@ Hy(C, )

N&X‘t a‘ = a@ \ . Q\'m“ar as 0\\)0\&) t'/”; s ‘Hu,
kowro\o%v' o?

T CF“ ® I‘lq (C’Ik) “_’CPQ H1[€*’) — Cf’"® Hfi(d) — -



\l\{e, afe Wof\tm(ﬁ ey « gdd €o ﬂ\e Hti ((*) are
‘torslov\ ffee,
—— can app’q UCT as above

- E;:} = HP (C* ®H¢1(C1'=))= H?(C#)Q H(;(C;)

Fach elt of El"l is represonted b{ & B where

o 1S a (yde in C? ™ F asach:;mCot

= X @P isacyde in C@)C*

= all |m’3}wr ola'%rmhhls Vam'sh) e. £'=F°

The Pro?os{hion g llows

Tor the Wiinneth Sormula, yon also wart 4o know that
Hy (XxY) 2 Ha(Cilx) @ C*(Y)), but this is

S&m@v\‘?ofwé wrin S\‘mpll‘c,\“w\ homo\o%,



Fieer Buppres
Nex)c apal - I&mﬁ' Serre specival Sequence for {iber burdlles

A C!\wr bundle s o Spoce that ’060”\1 'ooks like &
produck (perhogs net S\Dlm\ho,

First examples: cylinder | Mz bius band are  [0,13 - bundles

1
OWS.

’Dec{ni)c'ton. /B = conneched SFaw , ‘o,eg bvdepov\%
A Continuous map Y E—-B 5a
-g\)e/r bundle wrbh, .F,Le/ . .'f
Vxegaopennbo\ U & \Vuas{o.}/awsf

Tr"(b()'%l_* Ux F

|

N
(lber total
\/\/r\')tef [ — E o

l

B base



ExAmpLes

0. Trivial bundle E=FxB.
1 Covm"ng spaces. (= discrete et

2. Calinder % Mb'bius band . FSI) FBfS'
2 lorus & \(\ein bettle b= S')’g; Q'

4 Neckor bundles | e.g. ‘Eangmf burdle.
5. 6?\\@(& bumﬂes,e-g. umt J(an%m} burdle.
Hoof Fibration ~— T3(8%) 40.
G. Mappfng forus RB=5'.
1. Lie groups. G= Le group, H- Compaojr Sul:grou’)
H—G
!
G/u
ln ﬁacjc ths is a prfncipa/ H “bundle = H acts
n Qa R\)wfyoi&. Loy on E=GC.
Q. More Lie qroups . E = Smecth manhg/d
G - Compact Lie 9p
Cor fredb[, Srnoo’rhht
~ £ — E]G

&sic prololmms: clasg& bmmoﬂes, U\nd@rsfahd S’E/Cff ronS
(Ha3r\1 ball thesrem 1s a Sechion prvlolem.>



UnrmaRy GRoups

lnner product on C": {uyy = Z WV,
Uln) = IMe GL.C - M preserves £ >z
Su(n) = IMe Uln) < det(M)-1]

Eoﬁ_ We have & hibor bundle SUn-1n — SUn)
|

S?.n-i

/Pﬁi‘ - SUln-1) compatt Subgp of Lic g ISWH)
Go suffies o show SUN/SUM) = 5™
SWU(n) acts tmns»‘éivcle on unit Sf?}verc In
c" , namely, g Stabilizer o a,?m'rrf
's W= | e.q. stabilizer of e, 15
(A O) Le SUn1)

o 1
/Pﬂsog #7 . Skezreoamph‘c project\'m 'S congnw'M-
(0(r) version) o the inverse maps the trvial
SO(H»|)~bund'€, over 172"" fo e trivial

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

R"™ x SO(n-) ~ (v, frame) — (¥, frame)
(p’c Crame) AR V, $tare orthonomal .
) n .

/




for =20 su) — su(2)
1 L
= an2) S

A(w(\t\w Lo L see thns -
Su(2) = {(? 5) | “*‘“'F*'Q”z

The equation 1" +|81*= 1 gqes unt sphere in €

Aso, SU(2) = Funit quaternions]
- (03) e 00) ke (f.)

We il wse the Serce s‘:wtml sequence. o Compute,
Hy (SW(e)) for n=% 4. ( Note Hy (So(n)y s
a\fﬁao\v\ Covv\\ov»\m\ in Sec. D of Ha‘wdnyr) using
an Q)ﬁ?\‘c}t cell O\Cwmposit \‘om)

Tk of B point st Show ofF specdl sequences
0S G ™MiprowdoNe oven — ogzlm You Con %e;\ Qmath

U&gm\ ot with e egox‘k or O‘QQF knowldo& o} l\?p,

(e \No{'\dﬂ%% i



Serre Srecrol Seruence

—,l“'_"’- L?«JC E—TB la fll)@r burdle with Q)m’
b Then there s & Speckm) Sequerce E[;rq

A Eo = Ho (B; 3 (B))

and Converging to:
£ Gela(E)

gr:?r Some gHmfh’on on H*(E)

)\Jo’cc: The coelficionts here ave loeal . Local coeflicionts are
the same as constant coelficients whon M (B)=1.

Local CoefSicients. 1Y =V V(%) M= ZC01 -medule,
X = universal  cover
’W\M\ H*(X) iMZ) IS ‘“\L komoloalt o?

Ca(X) By M
eally this 7w} bt e emdhasize the W—"

Er’ to \Qs;k modules A% oNex &ﬂ (R. /46911’B IS
the abdion group o by {a@ bl Su\aject to dstrn\ol&hvrh(
and : 0®b = (a® r\o ()e g::«c\b(‘ o \)vl adwh)



A'PPL\CA‘\‘\oN To Slk(n)

Let's compute My (SUC3Y). Sul2) — Sucz)
Sb
o | @ Q i
£r=E% © 3
K=0,3,5,8
= U (Su(3)) = {O othorotse, -
CAnd Hy (Su4)) = He (8% xS°)
3 S
5403) o Mg o U3 ULW
5| @ (N] Q7
3| ® Q
o|®& Q_ }
S
£rege © T

K=0,3,5,8,10,12,I5
= W (SU4)) = {o ST

- Hi(8*x55xS7)



Uﬂgﬁum’rd% (or SU(5) there are difloronbials
‘ljo CoY\SiM

N
1S | @ QR
11| R 37 Q
lo | Q (I,
8| @ (M,
1 & (]
O

5| ® QK
3 | Q Q
0| Q ®\

o 9 7

Bk JC\W\ b out to ke 2o
Thee . Hal(8U(m) = Hy (S* xS x5

—I-T\ese, SPace,S ofe not l«ow\o’copfl t’.qw'vale//rf ‘



Ax Examore witd Novrewvar, Cormarsirs

/.eJcs Compm’t& H:g of X - k’u'n EGH)Q w{th Qeﬂei
B=S'" TS colficints M=7Zor 22

i Ho(B; Hi(Em)) H (B; H(F M)
Ho(B; Ho(F;m)) H,(B; ’JO(EM)>\g

£*
“The S?edm‘ seq. 'S de%qymm{z? o 1t emams to
Compule the komo\og»( gps  (ord Sdve the @xtersin chblan\) .

Drodke ge;rwro&srs g;r ™ (B) & H\(F)'M) by b, N
The action M (B) O H, (F) s trivial b k=0
and given b»\ b - ’¥~
So bottom o fas Hvial (not \om\) coetcients . "
. Vo Vi B
Let's Compute H*(’B; H\(FjM)) €., e, & €y
Gt Co(B)® Hi(Fm) is gpn. by v 0
Subject to \li@?‘ bv; & 'O'X‘\ = Vt’n®‘¥‘ -Vl',,®¥
~— it s Gen. ’9(1 \/o®¥

Simlorly, C(B) © Hi(F; M) is qn by €8



~= chamn Complex
061
0 — C(B)® H(F;M) — Co(B)® Hi(Fm) — O
eof — (vi-v)ot
- v, 05-vel
= -ZVo®'Y

= H,(B, H ))=o Ho (B Hi(F;2)) = 22

Hi (B I V=2 Ho(B; H(F;212)= 22
11 O 22 U2
7L y/A 2/7. 73
over L over Z/L

This agrees with what we ¥nowo

7 k=0 1Yy k=01
H.<(X;7L)={7/2@1/Z k=1 HeX Z/z) {Z/z) k=1
0 K> k>Z

fr HWX;Z) hoe: 0 > Z—H(X2)—Z2—0O
Neeo( to V&mrq this vs the trvial exdension -



\nsive Twe Gerre S6.

Lﬂ’c 13? : P-S\fe\e&on op B.
Fp Cx(E) = singlar chains supparted in v (BF).
~> GpCh(E) = Co('(BF), 77 (BF))

— Epy = Hpq(T7(B), e (BF))

(an calowlate as a diteck sum over p-cells

g :Df — B of H‘H% of pu\\bac\a burdle :

Ef}% - ® Hpmy (W*E, (Q‘*ls?")*li)
v T\.Pl/tmwwk

bvum‘\l,s
- Py P
= ? Hf’)‘q (D r > S r )&_ \)umdUS o 3‘“‘?“1

Cornecked SpACLS
= @ H (r) Gee EWanO Ao, ** Trivial, .
2 P

Claim. The \ater 15 C¢™ (B Hy(F))

TP Wy(9)) = Hp(BY B 5 He(0) el

i g = O He (@ 35 Wy(F))
= @ He(/av; Hq(£))
= @ We(F). O

\:\(e, now \l\m:e, 151‘ ch(c's ﬁ\comm Q”ow&



Tur Srrre 65 wir Coges

Let Cx(E ) be the cubical singulor chain Comp’e)c.

[o Corq(E) = span of the Singular cubes
T:1Y —E st. Weq is mdef)
of the last q  CoovddS.

Such a cuke gives a horizental P‘w}ae Up and,

bt\ restnching o the center of T | & vertical

~ g Cm(g) —® Cc[( Ecem(«kb

Q—RZIP_-)(B
N — ( q—k) T\/}

We then med ovt v ole%e/rwva}c T, the ones
\r\o\lb? of the last coordivate, | and obtait

3, Epy = Gelon(E) —)‘%”"B Gy Ecerrta)
Nondeq,



The o((cge/(mjcl\a\ Bo on\w considers the VM’HC&( l)ounofaq,
e, Jowes obtoined b1 %rgzk&ir% one. of the last qcm)is

ik
A

So W& E,(0)= (T, W) then:

(99)=(-1)" (T o)
?leS& lj)O\&Y\dO»f\{

So Eo ib”d\ALQ,S Q& ma? on homo‘o%\l
%, E}% I"%(Ecem‘er(o'k)> CF(B {”1(5\})

T, I"
noYdQ%Zﬂ.

Homcrb)[)q lﬁma mpbrt\t (or cubes =4, lus an inverge
(3\vex\ (T, ) , ;wmojrope "+ aound to %’r the Onyamj T)

d is the horizontdl boundary. Need to use
(ol ronsprt to Show Hms agfees with the b Horantia
on Co(®; Ty (E:)8)

== Epq = He (B; 11 (BI) .



Oner SeecreaL Seaveces

\.v\r\o\ov\- \-\%\\Sc\r\'\\&—ger(&l G\‘vm | —K— G - Q - \
there is @ Spex&m\ Seque/nu, vovthe

C(Lf*&(\- L(’J(a\t'- GN@(\ GUX ¥{ee and PWW
El’fi = \‘{P(Gj H@(X)) - HP*U;(X,G>

Or: GOX @llady & Wl rotations, X 2

ro @2 H@(Gv’) P)OL?O
Em d SL(OXP o therwise. - HP+1(G)

Yo- fp-ls}, Ge = Stabiliterd <

... and many more (a Spectmf Seguenc (:N every

0¢co®‘m§ .



