| Smoo th M ani £0\45

D_et‘ A 'topo'O%icG\ momi-fow of J:mension n 15 o
space sl each P‘l’ has o nbhd

Para Compact, Havsdor‘c
set in IR™

homeomorphic to an open

Po.rAComEad'i EV"'a open Cover hqs o ‘ocd.'a, #ini‘.'e
re:lmemut-

ReiinemenfiA cover by open sets which are subsets
of the original Cover.

Loul\a £inite: Every pt has o nbhd that intersects only
#im""e\«a many sets.
xeU , UnV=¥§

HavsJor:tfl VX #‘z‘) BU,V open with :
YevV

Yy

U v

HomeomWE\\ism: :e-' X"y \)i’ﬁeci'ion wi'“\ £ and g-‘
continuovs.

T‘\is Covrse 5 abw" srnooﬂ\ ™m ani #o“s. Need o \h"' MOTQ.'QV'MMO‘O%"

De_$: M 'hq:.‘o%icu\ mQJ
A Cooeran c\\art on M is & Pair (’U,CP) w\\ere:

e UEM open
e @: U (u) €IR" homeom”p\\ism
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Def: An aflas for M s an open Cover

M = u 'u.‘ st. eac\\ u,‘ is assoc:a“eJ to &
e(eA Cooré c\\ar" (ua, q’q)o

Def" Le't Af \ae. an aﬂas for M
Lt (U (U,3) e A

The map C’\év cp-‘: CP(’UA'TA) -> %(Unﬁ) is called

a c-\\am%e. of coordinates.

Def-: A SMoo‘\'»\ man xo\J i5 o *O?ok%ica\ m an ‘o‘J
with & smooth structure.

Smooth strvcture: an ee\uiva‘ence class of atlases st
all c\wm%e of coordinates are smooth
with smooth inverse.

The eq_uwa\ehce velation is:
R ~RA iE Y (UR)ei
- (V,4) e &
then oy : W (UWV) = ¢ (U V)

13 smooth wi th SMOo'“\ wmverse.

Sm%“\ ‘\mc'\(m: A Map Q»: u >V " 1) Smoo'“‘
— erR®  €IR

i# par*ia\ Aeriw\‘\'wos o.‘v all ordevs exist

ond are contfinuous.
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With thwe 5‘“%“ ot of the Way , we Wove on ‘o |eam'm}
\)\a QXAQ\P\QS.

s = ixt-&\;:\ 2 < 'Rz

'ﬁl‘: O = oq v U v C v D
i‘é>°)5 i\ztoa ixq:i £x>o}

U= {4203n s e ("
@, i-ar) = wn O =
'&'—ix>o}n 5' E &
& Wh-w,u)= % O~

Change of coords:

Eé’ ‘Q.\ L“\ - \,I-u‘ smooth om unﬁ
Vsually just write: & - J)-ut

omifled : can also compile change of coords between all other charls.

Anecther atlas : O - 9 U Q
“u

U= ie,;e: 0<0O« Zﬂg
@le®):=o
'&zie;gz -1T<é'41rz
@ (e8):=8

(-ham%e of- Coords : Un’&: n (V) U

Q- @ (0) = ge on &)
O-2T on
v}
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Exercise: These two atlases oive the some Swooth structure.

EXWC(SG‘« Conuot Cover S. h% [N sin%k COO"J c‘\arf.

More no'\'a'\'ion‘- .
e TnTead of (U@), obten wrte coord chart ac: (U, x%)

@ = (x' -, x") ¢ R"

o (U, @), ('&) @) over|aﬂsm$ chayfs.

Write chan%e of coords as:

'z 4704, B!
£: @ (unlh) » @ (Untt)

(5O

< \ \
T = Sx58

Ms = § Qv O} {OvOS @

e.q. chart: (’u. x Uy, (&, e‘)i

(U, x U, (8 é')g

Cham%e. of coords; ~a
é\ - @! 6 - e
' -2 - 2T

More ﬁeneva“:; Given mfd M,N, can define MxN b-a.

%ene vali 2('”% ‘Hﬁs Con s"'r vd"q‘on .



ex) Sz: %xtug}zz—.l} ¢ IR? X/Lz__‘a'

Charls:

O+ fxo0 Yo fxeedo faorJofaal fo)o foce)
© B 0 o o °©

eq. It U= §x503n s*
U= %(\'l- (u)* (u)*, u u") ; (_u‘) ule B‘lo\}
@ (Jr-wr-eer, W' u’) = (W) u?)

F\q’
:

let &
@

2

% <oz/\5
W, -h-ers@r, uwh) = (&' &%)

C\\om%e. of o iu = \)\— wy?* - (u)?

coords ° U = u?

Other coord chorls are similar.

Another common sef of charfs ¢ “Si'ereo%\raph(c P“&e‘i""” !

will be
on \\omewwk l.

S\ (N} S\is
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GL (V), 'R\ = ghxn matrices wilth de_t X% 0 g
Je‘\': Ma\f U\*h) - IR is  continuovs

~n s
= R"
2

D X)) € R" i closed

=) G’L(.“, 'R\ 1S awn open 6:,1' "N 'Rn
=D GLUR) is a mld of dm n* covered b» o
5‘1\%\6 chart.

Pro'aeofwe Space R |P“. Om: “ecli will be on homework |.

Coﬂneo“eé swms: let M N be mtd

@# @ M %N
M N

PCM in charl (u)‘o) wi‘ﬂ\ CQ(P)=D

q‘-‘—"\/ in charl (V,"") with Y=o

B ) e @) B () <YW)

9 i£<|x|42€g — %eélxl“é}

x > 2e X
Ix1*

nole s_IX\=2£E &~ ilx\:i}

ONO
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@) V)
w

/"\#Nz(/"\\il:\,ze} LJ N\‘imee})/

n/

with ‘b\"""“‘br X %AL\X).

N
@) Y(Vv)
In ferms of c\\an%e, of coords: (’u,xi), (V) ;‘)

~ | 2 : cM eN
Declave: X = 2 x

Ix)*

on Yegion §.£L|X\4263: §£<|;("<‘Z£2,

Genve 2 surface = Tzi:\: _‘_'2.
= (=
T (&

S - T a-4T°
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