
Spring 2008 ④
Pi I→ ✗ covering .

✗ path connected
.

G automorphism group , consisting of homeomorphisms U ;Ñ→×

S.t. Poll =p
.

Xotx
,
ÑOEÑ

,
P(Ño)=Xo

.

For my two Ii , Io
"

C- P
- '

lxo)
,
-1 REG s.t.tl/xF4--x5

claim : F exact severe

1-> it,lI ; E) MIX;xo)→G→1
.

Assume I path connected
.

Let [8] C- IT,(Xixo ) .
V lifts uniquely to a

path Ñ that starts at ÑOEÑ . Ñ ends at

some Ii EP
" /Xo)

.
By hypothesis , I homeo EEG

s.t.tl/io)--Xi
.

This is unique since deck transformations

are completely determined by where one point is sent
.

Thus
,
we can define a map f : IT,(X;xo)→G

that sends [8] t> be as above
.

This is a homomorphism : f( [8 • 89)=Y'o4
'

?

8 lifts to a path from Ño to to'

8' lifts to a path from Eo' to IF

⇒ Y sends I. to Ño '
,
Y
'

sends Ño' to Io"
.

8.8
' lifts to a path from Io to Io"

and V04 sends Io to to" ⇒ flair'D=Y'oY .



What is Im (f) ?

Let REG
.

Then 41×9 )=X% for some ÑOEP
- '(Xo)

.

F path from Io to Io' which is mapped to

a loop 8 at Xo by P
.
f-Ur]) =p

.

So Im (f) = G=ker(G→D .

What is kelf ) ?

Let [☐ c- IT, lxixo) Srt
. HID)=Id

,

whrh sends Eto E.

Then 8 lifts to a loop Ñ from XJ to Io
.

Hence Kar /f) = P*lMÑiXo)) = im p*
.

Thus the sequence is exact .
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VCR " vector subspace , ñiR^→V orthogonal projection .

Morn submfd .
Claim : Mm :m→V immersion

⇐ Innit -103 if XEM .

M

"

*

Kerlditx)={ VEIN : drier)=O }

WLOG take V to be IBM ✗ {03
"-MCR?

Then ñ(Xi , . . . ,Xn))= (Xi, -→
Xm
,
0
, -→

0)
.

and V1 = {03m ✗ Pimm
.

If Txmnvt -_ {o} then f vETxM
,
F Vito

coordinate for it { 's - -om} . Then
, dñ×(v) =/ 0

.

Hence
, ker(dñ×)=0⇐> dry injectnettx EM

⇐> ñln immersion .

And kerld.rxt-OV-xc-M-sditxlvt-OV-xo-M.V-vc.IM
⇒ v¢ Vt ⇒ Txmnvt ={ 03 V- ✗EM

.



Spring 2008 #3☐

f :X→✗ f=Cx
,

constant map
.

Mf = ✗ ✗ [Oil] /~ (X,o)~( fix;D .

Compute Hnlmf ;D .

By Hatcher example 2.48
f-(X) contractible MX ?

I t.ES :

Not
→ → HnKÉ¥HnlH→HnlMf)→ . -

.

necessarily :
and since f- Cxo

,
we get

a LES :

- -
→ that that> Hnlmf)→ . . .¥For n >0

,
11 -Cxo*=I

and for no 11 -Cxo*=0 -mop .

J f _~c%inX

Thus
,

for n > 1 we o - pups
f-A) not contacts.

going into and out of Hnlmf ) in ×
,

by exactness of isomorphisms on either side
.

⇒ Hn(Mf )= 0 for n > 1 by exactness . we have

- . . → Had 1-1,1×1-0>1-1 ,
/Mt ) → HoH )

-0
> Hold→ Holmf)-0>0

.

implying films)X Hold and Holms )~~HoH) . ?⃝
Summarizing : HnlMf)={HolHn=0-0 else .
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differentiable f- is
" - '
→ S

"

,
nz2

.

OER
" (Sh)

.

Sgnd =L .

f- * (a) Edits
"" ) .

?⃝
(a) claim : F BER

"-48"
- 1) sit . f- *lot -_ dB .

(b) claim : I(f) = fgzm ,BndB independent of choice of Bo .

independent of

Recall Hnlsn)# IR
,
Vt>Ssnr

. B ta ?

(a)
Hints"-11=0 ⇒ all closet forms are exact

.

do c. antics
") ⇒ do -0 ⇒ df*(d) =f*(do)=O

Thus f-*(d) closed
and therefore exact .

That is
,

7 PER
"" (51^-1) S.t. f-*(a) = dB .

(b) BADGER
"
- ' ls "

" ) ⇒ ends closed
,

c- Hopi"(s "
")

For the same
4
, pick another B-Earn-452^-1)

5.t . f-*G) = dB !

Then BADB - B'HB
'
= Bad B - B 'AdB= -A) 1dB

.

And B - B
'

is exact since d. ( B - B ' )= dB - dB '=0

and HiRIse - 1) = 0 .
Hence I 8-crn-ysm-js.t.dk- B - B

'

Then d(nd B) = IMDB = ( B - B
')hdB= BAD B-B'1dB

'

is exact . This means ⑨ ADB]=[ B'ALBI c- 1-1%-162^-1)

By the isomorphism this mens

fszn ,

BADB = fan .

B'1dB
'

.
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W = xdyndz + zdxndy + ydzndx c- 52264

Compute Sszw .

dw =lxndyndztdzldxndytlyldzldx-3dxhdyld.tt
.

Stokes ⇒ fgzw = fy☐,W = fg.tw = f.
☐
334MHz

=3 v01 (D) = 3%ñ=④
.


