
17. 1.23
Smooth covering Maps
:EMis a smoothe

a covering map when itis

smooth, subjective, each ptofM has a nbld 4 s.t.

components ofill are mapped dieomorphically onto U.

Prop (a) Smooth
coverings

are local differers, smoothsubmersions,

open,
& quotient maps.

(b) Injective smooth coverings are differs
(2) Top' covering is a smooth covering iff

itsa localdiffe

E.g. di-S, 5:1-tr, qis"
->RpM



Note ForiiE- M smoothcovering, UEM open a everly
covered, geUl, pt*"9q5J:smooth local section will+ E

qu- p

Sieghltecmmzurinirinfblizmeyis
smooth covering map.

IfTop'Imfld p.93 (locally Euclidean bylocal homeomorphism).



For smooth structure, given pettake USM evenly covered
able of x(p) and domain ofsmooth cord map :up

⑳⑳ E

⑥
i Y

⑳

1↓π 5 =40x15

M

:Hii1,2-.+/ ↓



=(40x (un). (90+(er)
"

= 40(i/unfox/anx")oy-

=404"- smooth!

coorslonate presentation ofili in terms of (5,5),(H,3)
is the identity map, so smooth covering map.

for Connid smooth inflds admit(uniqual universal smooth covers.

Fact Proper local differs are smooth covering maps. p.
9S

-

#:E-M, πK compact#KIM compact E.g. E compact:



Previsiting rank thm:

Rank Thm00
Sconstantrank es canonical form

M. N smoothiflds ofdimn m, n
FM - smoothofconstant rank r

Then Upm Esmooth charts (4,4) for M centered at p
(V,4) for N centered atF(p)

sit. FUIV in which Ihas word rapin
#

0 -0 F(x,..., X,y-
+1...,xm) =(x,..., X-,0,0,..., 0).

1
3 ↓4

↑ F- y -1
⑥ ⑧



Dcussion Proof mustproduce (4.3), (v,4) so that Fy+

has desired form, rank r

/
N

M

80QE
yr+1,...,xm 225;... , yn
④ # ④ WLOG, 4,2 open

in

U ->·

x,.., x- y;...,y2 *",(Y, p
=0,F(p) =0.

Further assume JFC0) has upper leftfor submatrixmonsingular.
F =(a,R) for Q:U-Dr, R:U-Rur



Define Rm

(x,y)-- (G(x,y),y)
so that59101:00it

.::zm,
.

By InIn Then, have 20 all open
8

5.5.7/u0:40 = to. Shrink to to
a cube

! y
-

(x,y) =(A(x,y),b(x,y))

⑤-sax
=

(A(x,y),y)
F.g(x,y) =(x,R(A(x,y),y))
-

For this, -(x,y)=2(x,0) fy
5(Foy") :(too =iS(X)



So Foy"(x,y) =(x,S(x))(
sig" is) +#,

Define Vo = S(r,w)eV/(v0)e%o] (x,y)1> (x,0)

X :V -> RY

(v,w)--(v,w -S())



Let's checkthis forrank 1
map

F:R"-1

(x,y) --(sin(x
+y),w(x +y) - 1)

10,0)-> (0,0)/

5F = cotylcox I rank 1 = 1Et
5r(0,0) =(06)

as expected
↓

Y(x,y) =(sin(xxys,1) and Y "(x,y) =(cresin(x) -y,y) for -1x<1

FoY"(x,y) =(x,cos(aresin (x)) - 1)
=(x,vFx- 1)
-

set4(vw) =(v,w - VFx +1) S(x)



Then 40 F.4"(x,y) =4(x,VFx- 1) =(x,0)


