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✗ = vµÑÉÑPµ^ Compile till ) .

By making a cut from
•
;D the bottom left

vertex of the square to the bottom left vertex

of the triangle
,

and identifying the resulting edges
,

we get the diagram
a a a a

✗ =
• > • > • > • > •

on no

• > • 5 • > •

b b b

Hence IT
, (X ) = ( a ,b,c : a

"
c-

'
b-3c= 1)
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✗ path connected it
,
Hilo )= Its

covering space it : I→ ✗ 6- sheeted .

Claim : I either his 2 or 6 connected components
.

The connected covering spaces of X

are classified by the subgps of

MIX ;Xo)= 21s
.

There are only two subgroups :

the trivial svbgp and the whole group ,

because (17--42)=(37--14)--2/5 since 5 prime .

Hence the trivial Srbgrp corresponds to a

5- sheeted covering spae since the trivial subgp

his index 5 in Iss
.

Similarly the subgroup

21s Cass corresponds to a 1- sheeted horary space .

Therefore
,
a b- sheeted covering space can

only be made from six 1-sheeted covering spaces

or one 5- sheeted and one 1-sheeted covering spices .

i. e. I either has 2 or 6 connected components
.
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✗ = 51×5

"

,
net compile Hals 's

" ;D
.

Let A= (-4%41)×5 " , B. = 1174 , E) ✗5
.

Then An Bes
"

Usn
,

A ,B_~s^ , AUB=X .

By M.V. we
have

- -
. → HWAN B)→ Hk(A)④ HKIB)→tklx)→ - - -

ss is

Hklsn)④Hxlsn) 1-4=15^1+04×44

For tlnlsnlttlnlsn)→ Hnlsnlttlnlsn ) we have

2+02 → 2+02

la , b) ↳ (atb ) atb)

Ker = { la , - a) 3=2 ,
im={ ( atbsatb) }xz

Then
0 → Hm A)→ Hnlsnlttlnlsn )→ than)④HnCsY

2+02 21-02

⇒ Hn+,lx)=2
,
Her kernel of

J

and for NZZ ,

Hnlsnlttlnlsn)→ Hnlsnlttlnlsn) -> Hnlx) -> 0
21-02 2+02



which gives Hnlx)= in / than)①HnlsY→HnH)ñz
since the kernel of that map is 2

.

Sticky with n >_ 2
,

we here

O→H,(✗)→H•lsM④HHM→tHsM①H,§)
2+01 → I K

( Mv) ↳ lutv , utv)

So again Hill) II
,
and 1*1,1×5=2 b/c ✗ path connected

.

In Svm
,

For A- 2

Hkls'×sY={%%%
at

Hkls'×sY=tktY={,¥¥¥¥



Spring 2016 #④
Mcpct oriented n -dime mfd

.

f ;M→R
" differentiable

,
FIM) non-empty interior in R

"

.

(a) Claim : FXEM sit
.

I nbdu of ✗ sit
.

flu :u→ flu) is a diffeomorphism .

Let V be an open n -dime bull untried in flu)
.

Let ytf/M) .
Consider f-

'

(g)CM .

If df* not

surjective for any ✗ c- f-
'
(9) CM , then y is a critical

value of f. By sands theorem
,

the set of such

g. have measure 0 in IR
"
. Then there must be

some yell sit
. I ✗ c-f- ' ( y ) with dfx surjective

By dimension dfx is an isomorphism .
Let W be

a chert containing ✗
. Then

,
dfx can be viewed

as a matrix
,
and since Jet is a continuous foehn

we can find U with ✗ c- UCW sit .

dfg isomorphic f- EU
,
i.e. a diffeomorphism .

(b) Claim : I at least two points x,yEM Sit
. f

is a local diffeo at ✗ any, f orientation

prewwy at ×
,

and reversing at y .

Let we Silk
") sit

.

w vanishes

on flu)
,

is compactly supported and

his Spgnw > 0
.

Then



deglf) ) ,µw= Sµf*w=fµ0= 0 ⇒ deg (f)=o
.

Since degree of f- =D
,

then

for some regular point ye f-(m ) ,

then 0=2 sgnlx) ⇒ there must
✗ c- f-Ky )

be some × with signcxktl and

some with signe)= -1 in f- ' ly )
.

This is to say (b)
.
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Is there an WE AUBRY sit . WLD -40 at every YERP

"

?

HKIRP
"

)={ %
"

=L
,

" '" no"

2h Koll
,
osrkn

⇒ RIP
" orientable for n odd

5.hu Hn /RIP
" )= { k

nod

0 else

?⃝ Cellular homology
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H'" (5) ={
0 k¥ on

HR K=O,n

f : 52^-1-55 with nzz
.

If a ENVY

with Ssn - =L ,

then

G) I BEI-yszn-YS.li . f- *(a) =dB .

(b) IA) Sgzn ,
BADB indsmht of d, B .

(a) 4 closed since to Eli"lsn) all zero .

f-
*

(a) closed six t.lt#o)=f*(do)--O .

Then C-* (4) c- 1-1^(5^-1)=0 ⇒ f-
*(a) exact.

(b) This is equivalent to the claim that

[BADB] = [ P'MB
'] for my

o
'

,B
'

satisfying

the same conditions
.

f-
* Card = OEH

"

-115^1=0 ?⃝



Let d, B
' be other forms salutary the

above conditions
.

Then his

Sgm ,

BADB = Sgz . . ,PÑdB
'

dB '= f-
*
a
'

,

f.gg/--fa=lsnSsm..Bh1B--fsz.B'ndBSgimPHB-BhdB=O
i. e. BAIB - ehdB exact

$-8411B exact ?

B - B
'
closet ⇒ exact ⇒

B- B' = D8 p=d8- B '



18h18

Ssw ,

RHB =/48 - Hide
gin -1

= 5161dB +

fgrn - i

181dB)=§↳ , dont)=

= Spin 14811B) =

did
'

sgnr-sg.dk 1
.

I B. B ' with dB
,

'

= f*G$
,
-1*121

NTS Ssn , BVB Ssu ,
B' 1dB '

Ssini Bhf%)=? f.sin , R' Af*G
' )



Stoke fpg. deaf
*

(a) if
µ.
dHf*H ')

= Spin


