
2 4 Hoon measure and homogeneous spaces

In this section we are
gang

to focus on the

existence and uniqueness for the so called

Hoon measure on locally compact Hausdorff
top groups and on Weil's criterion for
the existence of invomont measures on

homogeneous spores of locally compact
Hausdorff groups

The Key statement that we would like to

generalize io the following

That the Lebesgue measure tis the unique
completa translation nuomont measure ori

a 6 algebra containing the Bonel seta
such that 1 10,1 1

The mono theorem that we a e going to discuss

below will imply the one stated above when

applied to G R



Gx2 5 I Hoon measerne
9 IE Ex
gigax g gia

of a top group Gon top
op is sold to be continuous if
the action mop GXX X is

continuano

Given any mop F X we eat

leg F e Fig_
When G and ore locally compact and Housdorf

demoting by Cc X the space of
compactly supported continuous functions
then kg G

11g CLX C X

io on endomorphism and giga Ilga Alga

We one
going

to rely on the following
iconneal result un massone theory



7
see Rudere Real and complex analysis
Thm 2.14

IIifris R.pro theamJ2.39

Let be locally compact and Hausdorff and
eat A Ca XI I bei a ponituri
lineon functional Then there are a 1

algebra M containing all Borel subsets

of X avidi a unique paritive measure

non M which represents A un the
sense that
al 117 L'Admin f Calx

with the addutional properties

b µ K c o K C X compact

c E M MIE mf MIV E Vi

opere Y
d µ E sup 4 µ K KEE K compact
holds E X open and KEEM



a t µ E a

e If EE M AGE and µ E D

then A E M

Motel Positive means that if LEGIX
has voluca mi 0 a fermi 117770

If now G X io o continuous

left action and A Cc X io

Cuneon functional wi con defune

19g 1 f n 191 f and

obtain on endomorphism
17g C CI C x

1 d'g Ig
If a is e positiva linea functional
and µ demoter the

corresponding regular



µ day su
Borel measure obtained by Thom 2.39
then 17g io represented by the
measure g Mi IIIEfawordmeasure

gap A 119 A KAEM

Defwton2 tl

A left unuemont Hoon functional on a

locally compact Houndarff group G in

a tve.ee fuffa1 C G

such that d'g 1 1 kg EG

Vio thm 2.39

The associated regular Barel measure

mio called ai

mese
intEpabotion

One con defure analogously night funvomant

IE
The man theorem we will focus on in



8

Mean IZTT
Let G be a locally compact Hausdorff
group Then there exists a left
muomont Hoon measure and it is

aurigure up to multiplication by on

element of Rao i e up to

a color multiple in R o there exists

amiquegp.IT f7
e

non
measurable set E G and
all
g

G if holds

µ GE M

L

Thom 2.39

We are genug to prove only the uniqueness porti
of the statement

Lefts start with name prelemunery
observations



E.FIIFs.na.gEGweeit
giglt cei f.ceg
There

gig End Ca G and

S 9192 gig giga

LEI If n E Cc G is lurneon

functional me define
1g g 1 f 1.11191 f

Defuntone
I is a right auromant Hoon

functional if it is pon five and

grigia 1 kg E G

The Corresponding measure io called a

right invomant Hoon measure

fai Lei it 1
is a left Hoon functional then
n f n I defunto a right



Hoon functional

conalloy2TT
Thon 2.42 holds for right Hoon
functionals and right Hoon measures

as well

P flamma2 tt

No lat µ be the messere representing Mi iii

14 SLKHMKI
G

We need to verify that n'gigh 1 f
kg E G and Kf E Cc G

Note that

gait gg f E

fin'g
def

Hewee 1 gig f È A Gatt
By G

Sa e g due



Sa Icg e duca

Byeept
a Sa IKUMA

www.neeafm 1 I n f

def
Later we will be applying Fubine's theorem
The application can be justified If
you are used to considering only
6 fumate spaces note the

following

lemmo2LI
1f G is locally compact Hausdorff
connected end µ io a Hoon
measure on G then mio 6 fonte

E
G UGn McGuko

Prof
By Lammo 2.32 i we can find an open

weigh rof e with V r



free G is loc compact Hausdorff we can

also assumo that has compact
closene Mi K with K compact why

than Tes compact

By Prop 2.31 Iv we have µ VI G

Smee is open with compact
clamore for each n µ V 00

Hence Mio 6 fonte on G

MI
Let G be locally compact and Hausdorff
with left Hoos measure µ Then
i supp MI G

li if h E C G io such that

Se hai ace dual o

e Cc G then Leo

III ll that sappia 3 E G



for every V7 open µ U 0

fence µ 0 there exists f Ce G

s.t SLIM 0 Ne assume vlog
that Sfamso
Let k supp.f and note µ K 0

otherwise Sfdm 0

If G suppy thee there nata
E G suppM and U 7 open

with µ U 0

E there exist gas gu
E

GO.tkg U u ugn.li Exercise

By the claim

µ K 1.19 Uv gu U

Mig U
t MignU

E Miult mio 0

Mio left movement Iniu 0

contradiction



Li We all show that file o The proof
that hcg 0

kg E G in omologens

Let E o By continuity thereto on opere

mugh va e of Kg E Vi

hig Gle E

By Urgrahn s lemma tema errata EGG
a t 470 e 0 and suppy Vi

Sence Sghige d o Ky E IG

See Rudna
we have Real and complex

analysis Lemma

2 12
Inte Sa l'g amigl mi this is weaker

than thecasual
Ungsolin a lemmo

Sahieleg ducg for normal spaces

Sahigleig dug file e'g dagl

Se 1h19 file e'g drag

int β



note that this integral
E Sarcg dig io so

Henee Ihle E Ero and

therefore hiel o

Proof of theuniqueness of the Hoon measure

We let µ be a left Hoon measure and si be
a right Hoon measure

Cat fig CaCG s.t SLIM 0

Then we con compute

Sfdm Sagan Safdie gydney

Sat.am agcyt dwcys
7
depend

I Sat 711947dry fait

anni latitlgyttdult Ing



Sat ge dMa drcys

Sa fatiyilancys gas Ink
In

Note that we could use Fubini io theorem since

the supporto of f and g one compost

Then we define wg G R by

wah ja
I Cy duty

From we get

Sgar ftp.k drgi giadmix

Sgwgat.gcxt.duk

The left hand sede wi in independent

of f Thus for all Li.fr ECC G



such that Stata Sfida o it holds

Sang gal dual Sang Agel Ink

for all g Ca G 11 FI nitIws

By Lemmo 2.47 cit Wg Wga
0

In particular there exists C ER such

that Wycel C far all f Ce G

a f Sfdm 0

Thus Wg e

Safari C Idm.jp Saty 1 day
Safly Darcy

Sa fare

for every f Cc G sit Safdm 0

Assume that µ in another left Hoon measure



f
There is a right Hoon measure ti a ti

Safdr SI da TammIt

Safar Sa fam FLEGG

Apply the obove reasoning with this choice

of Then we get

CSafdm Sa 74 KLEG G

with Safanto
This is clearly suffruenti Exercise to

show that µ and µ concede up to an

pontine constant

Example 2 48

The Lebesgue measure are R io a

left and right Hoon measure

Let 1 demote the Lebesgue measure on

then I f LA fecero



defines a left and right Hoon functional
on Rio

If Giro a discrete group them the

counting measure is a left and right
Hoon measure

Exercise 2.49
Fund a left Hoon measure on

P I ERO IYER

Show that it is not a right Hoon measure
right thek that left Hoon
right Hora abeliane
but this is not the cose

Skip during lectureEI.es I tatcnis be the

Lebesgue measure on Main R

veufy that If L YffnGLIMIR

is a left and right Hoon functional on

GL MIR



torrentz.SI Skip dung lecture

Let N
Xixi 7 ER

bathe Heerenberg group We can are the

ponometretofiani RI N

1 1 171

to define Jon ony CCN

ILL fcay.at al dita

Prove that as this way we obtow a left andright
Hoon functional

We would like to understand when a left
Hood Measure is also right movement

LEI Given a left Hoon measure

µ and f Cc G we shall demot

M'f Se fan



We null use on analogano notation for
right Hoon measures

AutCGMIETITTE be the group of
continuano invertible automorphisms

of G with continuous universe

Note that Aut G acto ou Ce G on

the left ma

a f x f α_ n

for α Aut G f Ce G EX

lmma 2SI
If mio a left Hoon measure on G then

GCG f µ α f
defunes a left Hoon functional

III campate for g E G and EG

figl f x f g α ex



L a agik

ap agi

tag α f x

Hence Mi axigl.fi µ 1cg la f

µ left avement µ a f

By the uniqueness up to pontine multiplicative
constants of left Hoon measures Thm2.42

there errata a pontive constant that
we shall demote on moda a s t

µ α f moda a MIL 1

Kf E Cc G

LEI
The function moda Aut G Ryo
io e homomorphism



IIIby noticing that the definition of
moda x is independent of The choice of
the left Hoon measure m x

Then we recall that α β Aut G

and f Ce G B f α B f
i e Aut G acto on the left on
Ce G

Therefore
moda B 117 µ B f

µ α 19.81Bgdefofm.de'È
moda a M'β f

Bydifof modo β moda a modo β f
moda ap moda α modaβ

We already compidered a portarlo_ Kind of
automorphisms the so called anner

antomorphiamo intg G G

for g G defined by



g by

utg x gag KEG

Le autg f a fig g

Applying the construction above to umner

automorphisms we get
1g G Rs o

g moda utg

We call such function Da the modulon

function of G

We note that

Sa'g µ f ie untg.f
Sa fig g dak

Satkg dukim'staff
invarianti

trying
J 9 f

Hence Mcgig f Da g M'f and



the modular function captures the extent to
which a left Hoon measure fails to be
right unomont

FÉE
c Dg G Riso io ai

continuava homomorphism
11 Kf E Cc G

Se fà Aoki tua Jaimie

Before proving Prop 2.55 we discuss

e few preliminary facts of independent
interest

Defmtion2SI
A mop F G Y where Y d io

metric space is left uniformly
continuous resp right uniformly cont
if Eso there io a meigh U 7 e

such that defeat flyll E x y



f
with Ely EU resp Xy E U

EmailIf f E C G then f G E io

Seff and right uniformly continuous

i If we endow Cc G with the

destonee coming from the sup
norm 118110 jpg fall

their f E C G the maps

G Ca G

g tiglf
and

G G G

g gig f
one continuous

FFnote that is and ii one actually
equivalent statements Exercise



We prove the left continuity part an i
The proof of the right continuity
io completely analogous

We find on opere aymmetrie neigh
U U te with I compact
and let K suppf I

f Kio compact mefIIII
If x y one such thatfy.EU and

K them from y E U

we got from Un suppf of that

fa fly 0
Similarly if y K

wrong
that U U

Bycontinuity of f KxEK Nae
neagh of e with Wx CU and

Ifa fly E Ky E km e We

Let Ve se open with VI Vx



and V7 a Wx Sunce K C Herek

by compactness there exist n with

K C i Ki

Let v II
IIEhagh
doingthe job

If Y EV EK yek then we let
ich he such Iet E ti Vai

Exifi
gkicwxithuiyEXVCXI.VEC i Wi
and hence Ec EXIVI

Ifa figli Ifca fail Ifki fly
E

E IN

If i'y EV CU and either K on

y K then we already
noticed that

fai fly 0

Corallory25NT
Let µ be left Hoon measure on G



il Assume that F F G
ora continuano maps into a topological
Hausdorff space anch that

Fly Frig for µ a e.ge GThere F g Fr g kg E G

c Let f a G with 870 and
f 0 Then Safcidmen 0

III tement follows directly from
Lemmo 2.47 i Exercise

EffIintonasmee
dg G R o io o homomorphism

it's sufficient to prove continuity ate

Pick f Cc G with 70 and 118 1

There
Ida g 11.11 Sa flag 8191 1m19



9 f

We assure that
g

E U U open negh
of e a f I is compact
Let K suppf E and nate that

if K then flag 1131 0

Henee

Saltley 113114191 tk 1yigIf flla
The continuity of Ag at g e then follows

from the continuity etg e of
G C G 1 110

g gig f

that was obtouned un Lemmo 2.57 ii

III

Note that by i if f E C G then

f Ag Cc G
dg is continuousby i



Wedefure I f fa 1 Age Amiel

M Iff io a left Hoon functional

Indeed
I g f Sa f g E Da e due

Saf 1kg5 Dang tra Agg
A home

Se fàDGKIIMKIdaigldglgt.grDa'g
coveal out I f5197 Thru 2.42

Have by the uniqueness o constants of
the left Hoon measure then in c 0 with

Se fai Ageldmal c Safy Amy
Clown C I

Write Safiylday Sa fly Day 1 salytly



and set Fly fly 1 Daly

Then Safiyldmy S FCy

ilsalyidmcyIIC.frFCyldmcyl cfgfylda.ly dMly
C2 fa 71716117 def of F

Thers Se fai MI E Safiaami7
and choosy f with µ f 10 wegate 1

auree e O

DefuntionI
A locally comport Hausdorff group Gio

sold to be mimodulor if da g 1

tg EG Equivalently every left
Hoon measure is a right Hoon measure

Exomple2TT

R Iso discreta grampo



GLCN R the Heisenberg group one

un'modulon
ontheathrhand 0 4 E
is not un'modulon

MI 11ft
FLEGG

77 me E ogapaapi avesse

invariant if and only if the group is

ummodulone MALMIA

Prof
We have seem that if mit left Hoon
then f a f defures aught
Hoon functional

II.fi m

auoansfroupGiscompoctiffithoofinite
Hoon measure

FYI Hoon measure on G
G compact MCG so byregularity



g
Assume non µ G 00 By regularity
there is K CG compact with

MIKI IN G

Lety EG then algk 11K
hence alghe 1 K µ G

genk

g KK 1

G KK 1

G compact

ELIT
Any locally compact Hausdorff obelion group
io mimodulon trimol

Any compact and Hausdorff group is

mi modulon because there are no compact
non trauol subgroups un Rao



2 5.2 Homogeneous spaces

Homogeneous spaces of locally compact
Hausdorff groups and of Lie groups un

particular play a very important role
un geometry topology and dynamical

systems

We one
going

to discuss the bones and the
existence of invariant measures

Let G be a top group H E G o subgroup
and the set

x.tt G

frught H corto Let p G

be the canonical projection
We endow with the quotient
topology that is to

soy U C GIA a

open if and only if p_ U io operi
un G



LET
Let H G be a subgroup of a top group G
1 The projection p G Gp non open

mop
2 The action G 10

continuano

3 EH is Hausdorff off His closed

4 G locally compact Glee compact

5 If Gio loc compact and Ha Gia
closed then C C compact
there is K CG compact a t

PIRI C

Prof
The proofs of 1 and 2 one left on

on Exercise

Proof of 3
Hausdorff points one closed

His closed



Assume It is closed If H H them

Hy e and sono Hy io closed
there io V7 e open with V n Hy

Equivalently Vyn KH and
hance VyH n D by 1

Thus p Vy and p Ve one open

nergho of H and respectively
with pery n pive

4 Let pct E Gas loc compact
hence there is E U C C C G

with U peer and C compact

Then per plu p C and

plu io pur by 1 and plc
is compact by continuity of p

5 Let e U C L with Vapor
and compact

Then U pi U io on open



EG

covering of C Hence there one

tu a t

C C È plein

Importiculon C C p.la L

Suree His closed GIA o Howodorff by
3 Therefore Cheng compact it 10

closed

Therefore K p C n II it
lo comporti sence it is a closed
subset of the compact set il

Moreover p K C

Connected

In onda to produce examples we note the

following IL G acts transitively on

a spore then then in on isomorphism

of G spores Gg X where
G Stobace is the stabilizer

of The isomorphism is given by the



I
m p g Ex g

If in a topological spore and the action

of G on in continuous Then the G mop
above in also continuano

If Gia localy comporti second constable and

Hausdorff and X is locally comport
Hausdorff there the bijection io a

homeomorphism we shall roll X
a homogeneous space
un then cose

Example 2.65

Gommaler the action of OCUTI R on

5 ER Ao we already noticed

gg la ligull liv11 ER

Hevea s io preserved by Olu IR

Moncona the action io transitare i e

fu 1 R era S

In fact even the action of SOCHI R

io frountue on S



The stabilizer of ente E 5 io

Solu F en gesolntt.IR gent1 ent1

II hesoin.at asocniR

therefore SI sochtI.IR
py

look of Remonk 2.71

Mona in generale in B with the standard
scolon product we Gt 1 K n

and connder

GOK V1 __ Vr E CR V __Un 1s
an orthonormal set

Then OCU IRI oats transitively on

GOR try
1g ivi __ Nell guai gir

g OMIRI V1 Vr E GOK

Infect if 1 Ken 1 then Solnik



octo transitively on GOR

The stabilizer of ex fr io

irte ee f Inf h Eoin KR

0 u K R

Henee GOR ONIRIKA
In order to discuss the next example we

need

Defumtion2TT
A lattice M in a locally compact Hausdorff
group G io a subgroup with the

following properties
1 T is discrete
2 there exists on o fonte

G unuomant regular Borel measure



look of Exercise 2.72
Example 2.67 below

Let R be the not of lattices un R

Then Exercise M E R iff there
creato a boma fai fu of R

such that M 2ft Zfn

Note that GL uita octo trountively
on R

If we at Me Ke Zen then

GLIMIRIM GL Iu Z

4 AE Mun 12 data 11

therefore R
CNET.es

The question that we would bike to
address non io

Questione Counder o locally campoat



ly
Hausdorff group G and a closed
subgroup H G so that GH
io locoly compact Hausdorff and the
G action io continuous c Prop 2.64

When does there exist a G unnomont
positive functional au C GIA
Equivalently when does there exist a

G invarianti positive regular Borel
measure on EH

A complete answer is given by the following

theerem2 GS Weil formula
Cat G ha El tHounderffwith
left Hoon measure µg and H e G
be a closed subgroup with left Hoon
massime MH
Then there is a G invariant positive
regular Borel measure are GH iff

Sala AH



In then cose soldi regular Borel measure

io unique up to positive salon multiples
and there co annque choice.MG H
such that Weil'o formulo holds

Set'g dm g San 19h at h Hg9H

kt Ce G
It is very instructive tothink about the cose
where G R and
H Rebo R2

Let's start with same preliminary cannderations

Let LE C G and
g
E G

The function Haha figh vs mi

CcCH
Hence I figl Sa fight1M h

in well defined

By Cemmo 2.57 the mop g
1 Ifg

io continuano

By laf H invomanee of My we alsohave



t
Ta figo Ta fig kg EG KEH

Aeree Taf con be considered as function
ci 5H
His straightforward to check that if
pi G denotes the projection
mop then supp Taf p suppf
and then Taf E Ca GIA

mè
the we formato makes sense

have the following

LemmaZ.GIf skipped duringthe lecture
The mop Tt Ca G Cc G
a surjective
In addition if F c GH io 0

we can fund f Cc G f 70
such that Tpf F

III a sketch of the prof



Let F E Cc G By Prop 2.64 5

we con fund K C G compact anch that
p R serppf

By brgnolinio lemma there exists 2 EGG
such that RE 1 and 21k E 1

We define f G C by

figl FIÈ if Targ 0

O otherwise

Clog fin continuous

The claim is clean on the open set
V1 f g EG Trig o

and on the open set check that tis
undead open
U2 GIKH P 1 supp F
source it vanishes there



Note that if g V1 then pigh o

for MH a e GEH By continuity
right o for every h EH

Then Exercise g
KH

Thus U UU2 G Henee fin continuous

fence suppf c suppy I G

En Taf F

If g V1

Tfg f EFG.ae 714

Effi 29h16mn

Fop g

Ifg E V2 thee on the other hand fight 0



g Lg
th EH hence Taflg 0 F plg

Proof of Theorem 2.68 Skipped during the
lecture

Assume that there is an G unament regular
Borel measure Maya an GH

Then for f Ce G setturg

Ilf Sa TEL g dMan 8
we obtone a left Hoon functional on G

Molea di

Iltiglf Sa Ta kgf g MGy1j

Sa g Tat g May 1g
left ma

ÈILI Sa TAS g Ma g
G left muoveva of MG H



8 1
In particular

Iigitlf Da t I'f t EH

on the other hand

Igihfl Sg.tn geHf 1g dMoy1j
and

Ti GiHf faLight dm h

Da 4 Taffy
Thus Dal AH

Lotus assume now that Agly Da

Clay fa.fr Cc G it holds

Sa t.lyTafrig dmigl a.f2lg THfiigldm1g

Indeed



Saf.gl frighl.dMa1h dmalg

S dMHlhlSaficglfnigh dMalg

IFENG.gs
Sat.gl a.tigh I.I I4ah

ta'g
Prop 2.55 ii

Setrig a Leigh IM 1h dMalg

Safrig THf1g dMalg

Now far omg F E G GIA wa con

ihoose org f G with f F
mai Lemmo 2.69

We set I F Sof'g drag
Clone I is well di funed



In order to establish the cloum we need to
how that if G io such
that THE o there SaggiHa'g D

Choose Y E C G anch that

THY 1g 1 kg'E plauppy

and compute

Salas dua'g Saecg TAY'g dMalg

Se49 I 4cg Haig 0

Thus 7 C G E io

well defined

The proof that it is a positive invariant
functional io left on on Exercise



We end this section by discussing a
necessary

condution for the existence of o lattice

PropontanaT
Let G be a locally compact Hausdorffgroup
that odiato a lattice Ma G Then
G is uni modulari

Èiffuntiani of lattice there io afurite
G nevenant measure My on Gp

By Thea 2.68 Da p Ap On

the other hand P is discrete and bene
mi modulon Heme Ma Ken dg

Therefore da descends te a da
mop Δ Gp Ryo that is a

mop such that far h EG and E Gp
Δ hx Asch D e

The push formand ma Δ of the fonte



f
G invariant measure on Glp DaMgp
is a fante Da G moment massone
ore Ryo

ma mp.am
mafia

pagcheck this

Ingenerof MIA 1117A
is the deferention of the
push forward of a wa f

Remonk 2.71

In the retting that we discussed beforeExample
2 65 we note the following

d Te stombzen of a point x E X in general

depends on as a subgroup of G

Counder for motonee the action of
50131 on 5 311V11 1 e R

that we already drowned



Then 50137 ne sa

on the other hand

sosta hesola

So so 3 e
5013 ao subgroups

of 803 However they are

both isomorphne to SOC2

11 Then is not a coincidence If Goato

trountively on then Gx and
G i one conjugated subgroupsof G

G 1g C G ga e

Gi 1g E G g'è e È

Let h E G be such that he

If g Gai there

g'ha gia e ha l'g'ha
G g'h Gx

G Gih Gx



On the other hand if g Gx
then ga hga ha e

hgh ha

Agh e high E Gx

Henee h G h Gx which is

enough to show that h Gh
1
6 1

ii The example above also shows that
the stombizer need not be a normal
subgroup un general For instance
So 3

e
is not normal in 5013

does not come witha Therefore
moneed groupa naturally

structure in general

In terra specific example 5
3 25

We note that 52 does not admit

org topological group structure

although this is not obvious of all



g
r In general it is not true that

e Gx G as topological

spacca
Indeed in the above example
5013 MP3 Sociale 5ª
50

52
5

However IRP 3 545
as for customer IRP3 a 2 2 Ti S 5 a 2

Exercise 2.72

In Definition 2.66 the requirement is that
He avomant measure an Gg in fonte
Ne son un Proportion 2.62 that are

Coe compact Hausdorff group has furto
Hood Measure off it is compact
c luderstand why the proof doesn't

work for Gr to show that

if it has fonte invariant measure

then it is compoat
1 Fond on example of foe compact
Howadanff group

G with o lattice
M nach that Glp is not compact



Ne discuss an interesting oppleiotion of Hoon
measured

Propontrare 2.73

Any compact subgroup of GLCnik io

congregate te a subgroup of 014 IR

Prof
Let be any pontve defunte scolon
product on R and µ be a Hoon measure
on K GL MIR

We Cet be defused by

cuius S grigio dilg
K

Ne clam that io a portare defunte
scolon product on R and that

tg EK it holds agrigw CV w

viw ER i e in K invomont



Note it in important that Kin compact
otherwise the urtagnol might not converge

Symmetry bileneorety as well as positive

definitness one elementary and left on
on Exercise

We check anomance

def 7

chrihws tfcgh.ir ghw drcg

miskth
grigio durg

IItaft av.ws Kuin ER
momentanee

k in def h E K
compact and
hence unmoduler

The conclamare that K is conjugate to a

subgroup of Olnita follows Indeed

we let A be a positui defunte symmetrie
motont representing 2 with respect to
the standard barn la en of R i e



I
crews tu A W via E R

Let B be the unique pontine definite
symmetric square root of A i c

BIB BI A

If g k then we clown that Big B E Olul

ludead BigB B gB BigBBJTB.TN
EFIfg

B c Big B B below

I B'B2B Id
9,75

gag A B2

T B'KB OCI osiclameda

Note often the lecture this doesn't quite work
in this way We need to compute nastrodi

4BgB
1
BgB

1 B 17 BB g B
B B g B
B A g B
B B2 B l Id

Henee BgB 0cm



Note offer the lecture for many of the topological
statements in this chapter it is very helpful
to think about the proofs in the case where

the groups one obelion Con even A

The proofs ne the general cases one often a

slightly more technical version of them working
a R


